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BIOGRAPHICAL NOTE 
Antoinb Lavoisier, 1743-1794 


LAVOiBtEB was bom in Paris, August 26, 1743. 
His father was attorney to the Parliament of 
Paris. His mother was the daughter of the sec- 
retary to the Vice-Admiral of France and hein- 
ess to a considerable fortune. 

After completing his elementary education 
Ijavoisier was sent to the CoJkge Maza/rin, His 
early ambitions were literary rather than sci^ 
entific, and in 1760 he won second prize in a 
rhetorical contest. Although on leaving the 
college he went on to prepare for law, and re- 
ceived his Licentiate in 1764, he devoted him- 
self to science, studying, with well-known 
teachers of the time, mathematics, astronomy, 
botany, mineralogy, geology, and chemistry. 
He also began to conduct experiments and ob- 
servations of his own. One of the earliest was 
in meteorology; he made barometrical obser- 
vations several times daily and engaged others 
in the same pursuit with the aim of discovering 
the laws governing the weather. His zeal for 
investigation was so great that at the age of 
nineteen he decided to cut himself off from all 
social activity; he gave ill-health as an excuse 
and for several months lived in retirement on 
a diet of milk. 

His formal career as a scientist began in 1763 
when he was invited by Guettard, his teacher 
in geology, to collaborate in preparing the first 
mineralogical atlas of France. Lavoisier’s part 
of the project consisted largely of collecting 
data; he kept elaborate notebooks which indi- 
cate that he was not only amassing material 
but analysing and developing ideas for later re- 
search. ^ile engaged in this work, he entered 
the contest held by the French Academy of 
Science for the best essay on methods for light- 
ing the streets of a large city at night. The es- 
says were divided into two groups, pi^tical 
and scientific, and while the prize was given to 
entries in the first group, Lavoisier alone was 
smgled out from the second for special mention 
and a gold medal from the King. The work with 
Guettard also yidded material which Lavoisier 
worked up in the form of miMoireB to be pre- 
sented to the Academy of Science. In 1768, 


after he had presented four such papers, two 
on> hydrometry and two on gypsum, he was 
elected a member of the Academy. His youth 
excited comment, and, as a friend of the family 
remarked, at the age of twenty-five he had ol> 
tained position which is usually won, with 
great dii&(^ty, bymenpasttheirfiftieth year.’’ 

Desirous of securing a larger income for re- 
search, Lavoisier, shortly after bis nomination 
to the Academy, bought an interest in the 
Ferme, an association of financiers who had the 
privilege of collectmg the national taxes m re- 
turn for a fixed annual sum paid in advance to 
the Government. His friends at the Academy 
did not entirely approve of this association, 
but it did provide him with the money he 
sought, and it also made him acquainted with 
Farmer-General Paulze, whose daughter he 
married in 1771. 

Lavoisier entered further into public life 
when the Government took over the manufac- 
ture of gunpowder. Upon his suggestion, Tur- 
got, Minister of the Treasury, canceled the 
private production of gunpowder and estab- 
lished the Rigie des jmdreB, a four-man admin- 
istrative committee headed by Lavoisier. 
With this appointment he was assigned a house 
at the Arsenal, where with his own funds he 
established a fully-equipped laboratory, which 
he made available to all scientists mterested in 
his work. As his scientific fame increased, the 
laboratory became a meeting place for promi- 
nent scientists, and among his guests he num- 
bered Priestley, Franklin, Watt, Tennant, and 
Arthur Young. Lavoisier always retained an 
interest in younger scientists, providing finan- 
cial assistance for many and making laboratory 
assistants of others, among whom was the Du- 
pont who later went to America and founded 
tiie munitions firm. 

Althouj^ occupied with many practical con- 
cerns in connection with the Ferms and the 
Rtgiz des paudm, Lavoisier reserved six bowm 
aday, from six to nine m the nmimng and from 
seven to ten at ni^t, for his scientific work» 
and one full day each week for ixpeaimxxts. 
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His wife, who was fourteen at the time of her 
marriage, became an active partner in his re- 
search. She assisted in the laboratory, learned 
English so as to translate the technical works 
of Priestley and Cavendish, and drew the illui^ 
trations for the Traiti EUmerUaire de Chitnie 
0789). He also engaged in many works of phil- 
anthropic nature, starting a model farm to 
demonstrate the advantages of scientific agri- 
culture, and planning the establishment of sav- 
ings banks, msurance societies, canals, and work 
houses for improving the conditions of the com- 
munity. 

When theRevolution occurred, Lavoisierhad 
long been a national figure. He was Director of 
the Academy of Sciences, deputy to the States- 
General of 1789, and a prominent member of 
the club founded to promote the cause of con- 
stitutional monarchy. For some years after 


1789 Lavoisier continued to work as secretary 
and treasurer of the commission to secure uni- 
formity of weights and measures. In 1791 he 
was made a monber of the commission on arts 
and professions; his report for this commisrion, 
Rifiexions tvx Pinstruction pvblique (1793), 
presented a detailed scheme for public free ed- 
ucation. But almost from the beginning of the 
Revolution, Lavoisier had been under suspi- 
cion because of his association with the Feme 
and R6gie dee poudres, and from early 1791 he 
was suhj^ted to vitriolic attack frqm Marat. 
In 1794 he and the other farmers-ge^ieral were 
placed on trial by the Revolutionary Tribunal 
and condemned to death. Lavoisier md his fa- 
ther-in-law were guillotined May 8, 17^, at the 
Place de la Revolution and their bodi^ thrown 
into nameless graves in the cemetery of La 
Madeleine. 
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PREFACE 


I began the foUomng work, my only 
object was to extend and explain more fully the 
piemoir which I read at the public meeting of 
tibe Academy of Sciences in the month of April, 
1787, cm the necessity of reforming and com- 
pleting the nomenclature of chemistry. While 
engaged in this employment, I perceived, bet- 
ter than I had ever done before, the justice of 
tbe following maxims of the Abb4 de Condillac, 
in his Logic, and some other of his works. 

"We think only through the medium of 
words.— Languages are true analytical meth- 
ods.— Algebra, whidi is adapted to its purpose 
in every species of expression, in the most sim- 
ple, most exact, and tot manner possible, is at 
the same time a language and an analytical 
method. — The art of reasonmg is notlung more 
than a language well arranged." 

Thus, while I thought myself emi^oyed only 
in forming a nomenclature, and while I propos- 
ed to myself nothing more than to improve the 
chemical language, my work transformed itself 
by degrees, withoutmy being able to preventit, 
into a treatise upon the dements of chemistry. 

The impossibility of separating the nitnnen- 
dature of a science from the science itself is 
owing to this, that every branch of physical 
sdence must consist of three things: the sojes 
of facts which are the objects of the .scimce, 
the ideas which represent these facts, and the 
words by which these ideas are eacpressed. Like 
titres impressions of the same seal, the word 
ought to produce the idea, and. tite idea to be a 
I»ctare‘of the fhot. And, as ideas are preserved 
and communicated by.means.of worrit aeo- 
essatily follows that we eaonot improve Ihe 
language cd.any science without atitiie same 
time improving the sdente itaelfi; netth^ioan 
we, on the othwr hand, improve a science witis^ 
<mtimpio^g the^guage or nomendatiire 
wlddb todt. .However certain tihe' facts 

of any sctewa nutyiba and h^wever^jiast tiie 
ideas we may have fcamed of these 


can only communicate false impressionB to 
others while we want words by which these 
may be properly expressed. 

To those who will considm' it with attention, 
the first part of this treatise will afford frequent 
proofe of the tiuth of the above observations. 
But as, in the conduct of my work, I have been 
obliged to observe m order of arrangement es- 
sentially differing from what has been adopted 
in any other diemical work yet puUished, it is 
proper that I should explain the motives which 
have led me to do so. 

It is a maxim universally admitted in geom- 
etry, and in^ed m every branch of knowledge, 
that, m the progress of investigation, we shodd 
proceed from known facts to what is unknown. 
In early infancy, our ideas spring from our 
wants; the sensatimi of want excites the idea of 
the object by which it is to be gratified. In this 
maimer, from a series of sensations, observa- 
tions, and analyses, a successive train of ideas 
arises, so linked together that an attentive ob- 
server may trace back to a certain point tiie 
order and connection of the vdiole sum of hu- 
man. knowledge. . . 

When we begin the study of any sdenee, we 
are in. actuation, respecting that science, mwL 
lar to that of (Mdren; and the course by wfaii^ 
we have, to advance is precisely the same whi^ 
nature follows in the fonnation of thdr ideas. 
In a child, .the idea k merely an effect produced 
by a sensaticm ; and, in the same manaeiv in 
commmcing tiie study of a physical sdaae^ 
we ought to fmm nO'i(toa but what is a neeea*- 
saiy CoMeqtnnee, and immediate effect, of an 
mEperimentor dieervatimi. Besidei^ be'^ten^ 
ters upon the caiew.of sctenee ia m a less ad- 
vantageous eitHatum.:titan a child who is ao^ 
qtdring his fost^ideas. To the:.«hild, satuie 
gives vancn»m«inBo{ tectifyiiig anymutaiM 
bemay omniiut leqpectingtiuBsahitiuqr 
fui quafitiesirftimohi^tBeiil&disumnmdlikat 
Qii:fl]ipiy!ooeaeio& faaiiiMigideBti areeoneetod 
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by experience; want and pain are the necessary 
consequences arising from false j udgmen t ; grat- 
ification and pleasure are produced by judging 
aright. Under such masters, we cannot fail to 
become well informed; and we soon learn to 
reason justly, when want and pain are the 
necessary consequences of a contrary conduct. 

In the study and practice of the sciences it is 
quite different; the false judgments we form 
neither affect our existence nor our welfare; 
and we are not forced by any physical neces- 
sity to correct them. Imagination, on the con- 
trary, which is ever wandering beyond the 
bounds of truth, joined to self-love and that 
self-confidence we are so apt to indulge, prompts 
us to draw conclusions which are not immedi- 
ately derived from facts; so that we become in 
some measure interested in deceiving ourselves. 
Hence, it is by no means to be wondered that, in 
the science of physics in general, men have 
often made suppositions instead of forming 
conclusions. These suppositions, handed down 
from one age to another, acquire additional 
weight from the authorities by which they are 
supported, till at last they are received, even 
by men of genius, as fundamental truths. 

The only method of preventing such errors 
from taking place, and of correcting them when 
formed, is to restrain and simplify our reason- 
ing as much as possible. This depends entirely 
upon ourselves, and the neglect of it is the only 
source of our mistakes. We must trust to noth- 
ing but facts: these are presented to us by na- 
ture and cannot deceive. We ought, in every 
instance, to submit our reasoning to the test of 
experiment and never to search for truth but 
by the natural road of experiment and observar 
tion. Thus mathematicians obtain the solution 
of a problem by the mere arrangement of data 
and by reducing their reasoning to such simple 
to conclusions so very obvious, as never 
to lose sight of the evidence which guides them. 

Ihoroughiy convinced of these truths, I have 
imposed upon myself, as a law, never to ad- 
vance but from what is known to what is un- 
known; nev^ to form any conclusion which is 
not an immediate consequence necessarily 
flowing from observation and experiment; and 
always tq amnge the facts, and the conclu- 
aioitiB which are drawn from them, in such an 
dfdarasshali render it most easy for beipmers 


in the study of chemistry thoroughly to under- 
stand them. Hence, I have been obliged to de- 
part from the usual order of courses of lectures 
and of treatises upon chemistry, which always 
assume the first principles of the science as 
known, when the pupil or the reader should 
never be supposed to know them till they have 
been explained in subsequent lessons. In al- 
most every instance, these begin by treating of 
the elements of matter and by explaining the 
table of affinities, without considering that, in 
so doing, they must bring the principal phe- 
nomena of chemistry into view at the vfery out- 
set: they make use of terms which have not 
been defined and suppose the science to be un- 
derstood by the very persons they are only be- 
ginning to teach. It ought likewise to be con- 
sidered that very little of chemistry ckn be 
learned in a first course, which is hardly Wffi- 
cient to make the language of the science famil- 
iar to the ears or the apparatus familiar to 
the eyes. It is almost impossible to become a 
chemist in less than three or four years of con- 
stant application. 

These inconveniences are occasioned not so 
much by the nature of the subject as by* the 
method of teaching it; and, to avoid them, I 
was chiefly induced to adopt a new arrange- 
ment of chemistry, which appeared to me more 
consonant to the order of nature. I acknowl- 
edge, however, that in thus endeavouring to 
avoid difficulties of one kind I have found my- 
self involved in others of a different species, 
some of which I have not been able to remove; 
but I am persuaded that such as remain do not 
arise from the nature of the order I have 
adopted, but are rather consequences of the 
imperfection under which chemistry still la- 
bours. This science still has many chasms, 
which interrupt the series of facts and often 
render it extremely difficult to reconcile them 
with each other: it has not, like the elements 
of geometry, the advantage of being a com- 
plete science, the parts of which are all closely 
connected together: its actual progress, how- 
ever, is so rapid, and the facts, under the mod- 
em doctrine, have assumed so happy an ar- 
rangement that we have ground to hope, even 
in our own times, to see it approach near to the 
highest state of perfection of which it is sus- 
oeprible* 
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The rigorous law from which I have never 
deviated, of forming no conclusions which are 
not fully warranted by experiment, and of nev- 
er supplying the absence of facts, has prevent- 
ed me from comprehending in this work the 
branch of chemistry which treats of affinities, 
although it is perhaps the best calculated of 
any part of chemistry for being reduced into a 
completely systematic body. MM. Geoffroy, 
Gellert, Bergman, Scheele, de Morveau, Kir- 
wan, and many others, have collected a num- 
ber of particular facts upon this subject, which 
only wait for a proper arrangement; but the 
principal data are still wanting, or, at least, 
those we have are either not sufficiently de- 
fined or not sufficiently proved to become the 
foundation upon which to build so very impor- 
tant a branch of chemistry. This science of af- 
finities, or elective attractions, holds the same 
place with regard to the other branches of 
chemistry as the higher or transcendental ge- 
ometry does with respect to the simpler and 
elementary part; and I thought it improper 
to involve those simple and plain elements, 
which I flatter myself the greatest part of my 
readers will easily understand, in the obscurities 
and difficulties which still attend that other 
very useful and necessary branch of chemical 
science. 

Perhaps a sentiment of self-love may, with- 
out my perceiving it, have given additional 
force to these reflections. Mr. de Morveau is at 
present engaged in publishing the article Affin- 
ity in the Methodical Encyclopaedia and I had 
more reasons than one to decline entering upon 
a work in which he is employed. 

It will, no doubt, be a matter of surprise, 
that in a treatise upon the elements of chem- 
istry there should be no chapter on the con- 
stituent and elementary parts of matter; but I 
shall take occasion, in this place, to remark 
that the fondness for reducing all the bodies in 
nature to three or four elements proceeds from 
a prejudice which has descended to us from the 
Greek philosophers. The notion of four ele- 
ments, which, by the variety of their propor- 
tions, compose all the known substances in na- 
ture, is a mere hypothesis, assumed long before 
tixe first principles of experimental philosophy 
or of chemistry had any existence. In those 
days, without possessing facts, tiiey framed 


S3rstems; while we, who have collected facts, 
seem determined to reject them when they do 
not agree with our prejudices. The authority 
of these fathers of human philosophy still carry 
great weight, and there is reason to fear that it 
will even bear hard upon generations yet to 
come. 

It is very remarkable that, notwithstanding 
the number of philosophical chemists who have 
supported the doctrine of the four elements, 
there is not one who has not been led by the 
evidence of facts to admit a greater number of 
elements into their theory. The first chemists 
that wrote after the revival of letters consid- 
ered sulphur and salt elementary substances 
entering into the composition of a great num- 
ber of substances; hence, instead of four, they 
admitted the existence of six elements. Beecher 
assumes the existence of three kinds of earth, 
from the combination of which, in different 
proportions, he supposed all the varieties of 
metallic substances to be produced. Stahl gave 
a new modification to this system; and suc- 
ceeding chemists have taken the liberty to 
make or to imagine changes and additions of a 
similar nature. All these chemists were carried 
along by the influence of the genius of the age 
in which they lived, which contented itself with 
assertions without proofs; or, at least, often ad- 
mitted as proofs the slightest degrees of prob- 
ability, unsupported by that strictly rigorous 
analysis required by modern philosophy. 

All that can be said upon the number and na- 
ture of elements is, in my opinion, confined to 
discussions entirely of a metaphysical nature. 
The subject only furnishes us with indefinite 
problems, which may be solved in a thousand 
different ways, not one of which, in all proba- 
bility, is consistent with nature. I shall there- 
fore only add upon this subject that if by the 
term elements we mean to express those ample 
and indivisible atoms of which matter is com- 
posed, it is extremely probable we know noth- 
ing at all about them ; but, if we apply the term 
elements, or principles of bodies, to express our 
idea of the last point which analyas is capable 
of reaching, we must admit, as elements, all the 
substances into which we are capable, by any 
means, to reduce Mies by decomposition. Not 
that we are entitled to affirm that these sub- 
stances we consider as sim{de may not be com- 
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pou&d^d of twO| or even of a greater number of 
pirinoiples; but, since these principles cannot be 
separated, or rather since we have not hitherto 
discovered the means of separating them, they 
act with regard to us as simple substances, and 
we ought never to suppose them compounded 
until experiment and observation has proved 
them to be so. 

The foregoing reflections upon the progress 
of chemical ideas naturally apply to the words 
by which these ideas are to be expressed. Guid- 
ed by the work which, in the year 1787, Messrs, 
de Morveau, Berthollet, de Fourcroy, and I 
composed upon the nomenclature of chemistry, 
I have endeavoured, as much as possible, to de- 
nominate simple bodies by simple terms, and I 
was naturally led to name these first. It will be 
recollected that we were obliged to retain that 
name of any substance by which it had been 
long known in the world, and that in two cases 
only we took the liberty of making alterations; 
first, in the case of those which were but newly 
discovered and had not yet obtained names, or 
at least which had been known but for a short 
time and the names of vrhich had not yet re- 
ceived the sanction of the public; and, second- 
ly, when the names which had been adopted, 
whether by the ancients or the modems, ap- 
peared to us to express evidently false ideas, 
when they confounded the substances to which 
they were applied with others possessed of dif- 
ferent or perhaps opposite qualities. We made 
no scruple, in this case, of substituting other 
names in their room, and the greatest number 
of these were borrowed from the Greek lan- 
guage. We endeavoured to frame them in such 
a manner as to express the most general and 
the most characteristic quality of the sub- 
stances; and this was attended with the addi- 
tional advantage both of assisting the memory 
of b^inners, who find it difficult to remember 
a new word which has no meaning, and of 
accustoming them early to admit no word 
without connecting with it some determinate 
idea. 

To tiiose bodies which are formed by the un- 
ion of several simple substances we gave new 
names, compounded in such a manner as the 
of the substances directed; but, as the 
fkt^ber of double combinations is already very 
;iid^derable, the only method by which we 


could avoid confudon was to divide them into 
classes. In the natural order of ideas, the name 
of the class or genus is that which expresses a 
quality common to a great number of individ- 
uals: the name of the species, on the contrary, 
expresses a quality peculiar to ceitain individ-' 
uals only. 

Thesedistinctions are not, as some may imag- 
ine, merely metaphysical, but are established 
by nature. “A child,” says the Abb4 de Con- 
dillac, is taught to give the name tree to the 
first one which is pointed out to him. The next 
one he sees presents the same idea, and he gives 
it the same name. This he does likew^ to a 
third and a fourth, till at last the wora tree^ 
which he first applied to an individual, Wmes 
to be employed by him as the name of a class 
or a genus, an abstract idea, which comprehends 
all trees in general. But, when he learns that all 
trees serve not the same purpose, that they do 
not all produce the same kind of fruit, he will 
soon ieam to distinguish them by specific and 
particular names.” This is the logic of all the 
sciences and is naturally applied to chemistry. 

The acids, for example, are compounded of 
two substances, of the order of those which we 
consider as simple; the one constitutes acidity, 
and is common to all acids, and, from this sub- 
stance, the name of the class or the genus ought 
to be taken; the other is peculiar to each acid, 
and distinguishes it from the rest, and from this 
substance is to be taken the name of the spe- 
cies. But, in the greatest number of acids, the 
two constituent elements, the acidifying prin- 
ciple and that which it acidifies, may exist in 
different proportions, constituting all the pos- 
sible points of equilibrium or of saturation. This 
is the case in the sulphuric and the sulphurous 
acids; and these two states of the same acid we 
have marked by varying the termination of the 
specific name. 

Metallic substances which have been exposed 
to the joint action of the air and of fire lose 
their metallic lustre, increase in weight, and as- 
sume an earthy appearance. In this state, like 
the acids, they are compounded of a principle 
which is common to all and one which is pecu- 
liar to each. In the same way, therefore^ we 
have thought proper to class them under a 
neric name, derived from the common prinoi*^ 
pie; for widch purpose, weadopted the termmi* 





id$p and vfe distinguish th^ from each oth^r 
by the particular name of the metal to which 
each belongs. 

Combustible substances, which in acids and 
metallic oxides ajre a specific and particular 
prindple, are capable of becoming, in their turn 
common principles of a great number of sub* 
stances. The sulphurous combinations have 
been long the only known ones in this kind. 
Now, however, we know, from the experiments 
of Messrs. Vandermonde, Monge, and Berthol- 
let, that charcoal may be combined with iron, 
and perhaps with several other metals, and that, 
from this combination, according to the pro* 
portions, may be produced steel, plumbago, &c. 
We know likewise, from the experiments of M. 
Pelletier, that phosphorus may be combined 
with a great number of metallic substances. 
These different combinations we have classed 
under generic names taken from the common 
substance, with a termination which marks 
this analogy, specifying them by another name 
taken from that substance which is proper 
to each. 

The nomenclature of bodies compounded of 
three simple substances was attended with still 
greater difficulty, not only on account of their 
number, but, particularly, because we cannot 
express the nature of their constituent princi* 
pies without employing more compound names. 
In the bodies which form this class, such as the 
neutral salts for instance, we had to consider, 
1st, the acidifying principle, which is common 
to them all ; 2nd, the aeidifiable principle which 
constitutes their peculiar acid; 3rd, the saline, 
earthy, or metallic basis, which determines the 
particular species of salt. Here we derived the 
name of each class of salts from the name of the 
aeidifiable principle common to all the individ- 
uals of that class and distinguished each spe* 
cies by the name of the saline, earthy, or metal- 
lic basis, vdiich is peculiar to it. 

A salt, though compounded of the same three 
prindpies, may, nevertheless, by the mere dif- 
ference of thdr proporti<ei, be iti three different 
states. The nomenclature we have adopted 
would have been defective had it not expressed 
these different states ; and this we attained chief- 
ly by changes of termination tmifonnly applied? 
to tlie eamp i^tate of the different salts. 

In diort, we have advanced so far that ttom 


the name alone may be instantly found what 
the combustible substance is which enters into 
any combination; whether that combustible 
substance be comluned with the acidifying prin- 
ciple, and in what proportion ; what is the state 
of the acid; with what basis it is united; wheth- 
er the saturation be exact, or whether the acid 
or the basis be in excess. 

It may be easily supposed that it was not 
possible to attain all these different objects with- 
out departing, in some instances, from estab- 
lished custom and adopting terms which at first 
sight will appear uncouth and barbarous. But 
we considered that the ear is soon habituated 
to new words, especially when they are con- 
nected with a general and rational system. The 
names, besides, which were formerly employed, 
such as powder of aigaroth, eaUofakmbroih^ pomr 
pholixy phagadenic watery turhUh mineraly colco^ 
thoTy and many others, were neither less bai^ 
barous nor less uncommon. It required a great 
deal of practice, and no small degree of mem- 
ory, to recollect the substances to which tiiey 
were applied, much more to recollect the genus 
of combination to which they belonged. The 
names of oil of tartar per ddiquiurn, oU of vitrioly 
bttUer of arsenic and of antimony y flowers of zincy 
&c. were still more improper, because they sug- 
gested false ideas: for, in the whole mineral 
kingdom, and particularly in the metallic class, 
there exist no such things as butters, oils, or 
flowers; and, in short, the substances to which 
they give these fallacious names are nothing 
less than rank poisons. 

When we published our essay on the nomenr 
clature of chemistry, we were reproached for 
having changed the language which was spok- 
en by our masters, which they distinguished by 
their authority and handed down to us. But 
those who repreach us on this account have f oiv 
gotten that it was Bergman and Macquer them^ 
selves who urged us to make this reformation. 
In a letter which the learned Professor of Ujjp- 
sala, M. Bergman, wrote, a short time 
he died, to M. de Morveau, he bids him spare 
no improper fumes; those who are learnedwillei^ 
ways be Uoimedy and those who are ignOinht^^ 
thus learn sooner. 

Thare is an objection to the work which 1 am 
going to present to the puUilc, vdnch is pei^pi 
better founded, that I have given no aebounlt^ 
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the oi^on of those who have gone before me; 
that I have stated only my own opinion, with- 
out examining that of others. By this I have 
been prevented from doing that justice to my 
associates, and more especially to foreign chem- 
ists, which I wished to render them. But I be- 
seech the reader to consider that, if I had filled 
an elementary work with a multitude of quota- 
tions, if I had allowed myself to enter into long 
dissertations on the history of the science and 
the works of those who have studied it, I must 
have lost sight of the true object I had in view 
and produced a work the reading of which must 
have been extremely tiresome to beginners. It 
is not to the history of the science, or of the hu- 
man mind, that we are to attend in an elemen- 
tary treatise : our only aim ought to be ease and 
perspicuity and with the utmost care to keep 
everything out of view which might draw aside 
the attention of the student; it is a road which 
we should be continually rendering more 
smooth, and from which we should endeavour 
to remove every obstacle which can occasion 
delay. The sciences, from their own nature, pre- 
sent a sufficient number of difficulties, though 
we add not those which are foreign to them. 
But, besides this, chemists will easily perceive 
that, in the first part of my work, I make very 
little use of any experiments but those which 
were made by myself: if at any time I have 
adopted, without acknowledgment, the experi- 
ments or the opinions of M. Berthollet, M. 
Fourcroy, M. de la Placj, M. Monge, or, in 
general, of any of those whose principles are the 
same as my own, it is owing to this circum- 
stance, that frequent intercourse, and the hab- 
it of communicating our ideas, our observa- 
tions, and our way of thinking to each other, 
has established between us a sort of community 
of opinions in which it is often difficult for every 
one to know his own. 

The remarks I have made on the order which 
I thought myself obliged to follow in the ar- 
rangement of proofs and ideas are to be applied 
only to the first part of this work. It is the only 
one which contains the general sum of the doc- 
trine I have adopted and to which I wished to 
give a form completely elementary. 

The second part is composed chiefly of tables 

the nomenclature of the neutral salts. To 
these I have only added general explanations, 


the object of which was to point out the most 
simple processes for obtaining the diflferent 
kinds of known acids. This part contains noth- 
ing which I can call my own and presents only 
a very short abridgment of the results of these 
processes, extracted from the works of different 
authors. 

In the third part, I have given a description, 
in detail, of all the operations connected with 
modem chemistry. I have long thought that a 
work of this kind was much wanted, and I am 
convinced it will not be without use. The meth- 
od of perfor^ng experiments, and particularly 
those of modem chemistry, is not so generally 
known as it ought to be; and had I, in Uie dif- 
ferent Mimoires which I have presenter to the 
Academy, been more particular in the detail of 
the manipulations of my experiments, it isbrob- 
able I should have made myself better under- 
stood, and the science might have made a more 
rapid progress. The order of the different mat- 
ters contained in this third part appeared to me 
to be almost arbitrary; and the only one I have 
observed was to class together, in each of the 
chapters of which it is composed, those opera- 
tions which are most connected with one an- 
other. I need hardly mention that this part 
could not be borrowed from any other work, 
and that, in the principal articles it contains, I 
could not derive assistance from anything but 
the experiments wliich I have made myself. 

I shall conclude this preface by transcribing, 
literally, some observations of the Abb^ de 
Condillac, which I think describe, with a good 
deal of truth, the state of chemistry at a 
period not far distant from our own. These 
observations were made on a different sub- 
ject; but they will not, on this account, have 
less force, if the application of them be thought 
just. 

“Instead of applying observation to the 
things we wished to know, we have chosen 
rather to imagine them. Advancing from one ill- 
founded supposition to another, we have at last 
bewildered ourselves amidst a multitude of er- 
rors. These errors becoming prejudices, are, of 
course, adopted as principles, and we thus be- 
wilder ourselves more and more. The method, 
too, by which we conduct our reasonings is as 
absurd; we abuse words which we do not un- 
derstand, and call this the art of reasoning. 
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When matters have been brought this length, stood by everybody? The fact is, those who 


when errors have been thus accumulated, there 
is but one remedy by which order can be re- 
stored to the faculty of thinking; this is to for- 
get all that we have learned, to trace back our 
ideas to their source, to follow the train m 
which they rise, and, as Bacon says, to frame 
the human understandmg anew. 

“This remedy becomes the more difficult in 
proportion as we think ourselves more learned. 
Might it not be thought that works which treat- 
ed of the sciences with the utmost perspicuity, 
with great precision and order, must be under- 


have never studied anything will understand 
them better than those who have studied a 
great deal, and especially than those who have 
written a great deal.” 

At the end of the fifth chapter, the Abb4 de 
Condillac adds: “But, after all, the sciences 
have made progress, because philosophers have 
applied themselves with more attention to ob- 
serve and have communicated to their lan- 
guage that precision and accuracy which they 
have employed in their observations. In cor- 
recting their language they reason better.” 




FIRST PART 


THE 70BMATI0E AND DECOUFOSITION OF AERIFOBM 
VLTTIDB— OF THE COMBUSTION OF 81MPUE BODIES, 
AND THE FOBMATION OF ACIDS 


CHAPTER I 

Of the Cmbinaiione of Cdorict and the Fomor 
tion of Elastic Aeriform Fluids or gases 

That every body, whether solid or fluid, is aug- 
mented in all its dimensions by any increase of 
its sensible heat was long ago fully established 
as a physical axiom, or univemal proposition, 
by the celebrated Boerhaave. Such facts as 
have been adduced for controverting the gen- 
erality of this principle offer only fallacious re- 
sults, or, at least, such as are so complicated 
with foreign circumstances as to mislead the 
judgment : but, when we separately consider the 
effects, so as to deduce each from the cause to 
which they separately belong, it is easy to per- 
ceive that the separation of particles by heat is 
a constant and general law of nature. 

When we have heated a solid body to a cer- 
tain degree and have thereby caused its parti- 
cles to separate from each other, if we allow 
the body to cool, its particles again approach 
each other in the same proportion in which 
they were separated by the increased tempera- 
ture; the body returns through the same de- 
grees of expansion which it before extended 
through; and, if it be brought back to the same 
temperature from which we set out at the com- 
mencement of the ex{)eiiment, it recovers ex- 
actly the same dimensions which it formerly oc- 
cupied. But, as we are still very far from teing 
able to arrive at the degree of absolute cold, or 
deprivation of aUfaeat, beingunacquainted with 
any degree of coldness which we cannot »3^p- 
pose capable of still further augmentation^ it 
follows that we are still incapable of causing 
the ultimate particles of bodies to approacheach 
as near as is possible and, consequexflly, 
that the particles of all bodies do not tou^ 
each other in any state hitherto known, which, 
tW a very singular conclusion, is yet ^possi- 
ble td be denied. ^ 

It tasnpposed that, since the partideB of bo- 
dies if^&us continually impdled by heat tu 


separate from each other, they would have no 
connection between themselveB and, of conse^ 
quence, that there could be no solidity in na- 
ture, unless they were held together by some 
other power which tends to unite them, and, 
so to speak, to chain them together ; which pow- 
er, whatever be its cause or manner of opera- 
tion, we name aUraction. 

Thus the particles of all bodies may be con- 
sidered as subjected to the action of two oppo- 
site powers, the one repulsive, the other attrac- 
tive, between which they remain in equilihrio. 
So long as the attractive force remains strong- 
er, the body must continue in a state of solid- 
ity; but if, on the contrary, heat has. so far 
removed these particles from each other as to 
place them beyond the sphere of attraction, 
theylose theac&esion they beforehad with each 
other, and the body ceases to be solid. 

Water gives us a regular and constant ek- 
amjAe of these facts; whilst below sero^ of the 
French thermometer, or 32® of Fahrenheit, it 
remains solid, and is called ice. Above that de« 
gree of temperature, its particles being no long- 
er held together by reciprocal attraction, it 
becomes liquid; and, when we raise its tempera- 
ture above 80® (212®), its particles, giving way 
to the repulsion caused by the heat, assume the 
state of vapour or gas, and the water is changed 
into an aeriform fluid. 

The same may be affiitned of all bodies in 
nature: they are either solid or liquid, or in the 
state of elastic aeriform vapour, according to 
the proportion which takes place between the 
attractive force inherent in their particles, and 
the repulsive power of the heat acting upcm 
these; or, whidi amounts to the same tMng, in 
proportion to the degree of heat to which tibey 
are exposed. 

It is difficult to cbmprdiend dtese^ i^enoiKH 

* Whenever the deiriee of helat oedCre ih’ffik woik, 
it is stated by the author according to Reaumtir'e 
scake; The degrees within parentheeesaroliliieeorre- 
spondent degrees of Fahrenheit*# iMaie, added the 
translator. — ^Tbamblatob. ^ ' 


9 



10 LAVOISIER 


ena, without admitting them as the effects of a 
real and material substance, or very subtile 
fluid, which, insinuating itself between the par- 
ticles of bodies, separates them from each 
other; and, even allowing the existence of this 
fluid to be hjrpothetical, we shall see in the se- 
quel that it explains the phenomena of nature 
in a very satisfactory manner. 

This substance, whatever it is, being the 
cause of heat, or, in other words, the sensation 
which we call warmth being caused by the ac- 
cumulation of this substance, we cannot, in 
strict language, distinguish it by the term heat; 
because the same name would then very im- 
properly express both cause and effect. For 
this reason, in the Memoir which I published 
in 1777^, I gave it the names of igneom fluid 
and matter of heat: And, since that time, in the 
work* published by M. de Morveau, M. Ber- 
thollet, M. de Fourcroy, and myself, upon the 
reformation of chemical nomenclature, we 
thought it necessary to banish all periphrastic 
expressions, which both lengthen physical lan- 
guage and render it more tedious and less dis- 
tinct, and which even frequently does not con- 
vey sufficiently just ideas of the subject in- 
tended. Wherefore, we have distinguished the 
cause of heat, or that exquisitely elastic fluid 
which produces it, by the term of caloric. Be- 
sides that this expression fulfils our object in 
the system which we have adopted, it possesses 
this further advantage, that it accords with 
every species of opinion, since, strictly speak- 
ing, we are not obliged to suppose this to be a 
real substance; it being sufficient, as will more 
clearly appear in the sequel of this work, that 
it be considered as the repulsive cause, what- 
ever that may be, which separates the particles 
of matter from each other, so that we are still 
at liberty to investigate its effects in an ab- 
stract and mathematical manner. 

In the present state of our knowledge, we 
are unable to determine whether light be a 
modification of caloric, or if caloric be, on the 
contrary, a modification of light. This, how- 
ever, is indisputable, that, in a system where 
only decided facts are admissible, and where 
we avoid, as far as possible, to suppose any 
thing to be that is not really known to exist, 
we ought provisionally to distinguish, by dis- 
tinct terms, such things as are known to 
produce different effects. We therefore distin- 
guishlightfrom caloric; though wedo notthere- 

^CoU^etiooift of the lYendh Academy of Sciences 
for. that year, p. 420. 

* ChemiaU Nomendaiure, 


fore deny that these have certain qualities in 
common, and that, in certain circumstances, 
they combine with other bodies almost in the 
same manner, and produce, in part, the same 
effects. 

What I have already said may suffice to de- 
termine the idea affixed to the word caloric; 
but there remains a more difficult attempt, 
which is to give a just conception of the man- 
ner in which caloric acts upon other bodies. 
Since this subtile matter penetrates through 
the pores of all known substances; since there 
are no vessels through which it cannot escape, 
and, consequently, as there are none which are 
capable of retaining it, we can only cofne at 
the knowledge of its properties by Effects 
which are fleeting and with difficulty Iwcer- 
tainable. It is in these things which we nether 
see nor feel that it is especially necessaj^ to 
guard against the extravagance of our imagi- 
nation, which forever inclines to step beyon^the 
bounds of truth and is with great difficulty re- 
strained within the narrow line of facts. 

We have already seen that the same body be- 
comes solid, or fluid, or aeriform, according to 
the quantity of caloric by which it is penetrat- 
ed; or, to speak more strictly, according as the 
repulsive force exerted by the caloric is equal 
to, stronger, or weaker, than the attraction of 
the particles of the body it acts upon. 

But, if these two powers only existed, bodies 
would become liquid at an indivisible degree of 
the thermometer and would almost instan- 
taneously pass from the solid state of aggrega- 
tion to that of aeriform elasticity. Thus water, 
for instance, at the veiy moment when it 
ceases to be ice, would begin to boil, and would 
be transformed into an aeriform fluid, having 
its particles scattered indefinitely through the 
surrounding space. That this does not happen 
must depend upon the action of some third 
power. The pressure of the atmosphere pre- 
vents this separation, and causes the water to 
remain in the liquid state till it be raised to 80® 
of temperature (212®) above zero of the French 
theimometer, the quantity of caloric which it 
receives in the lowest temperature being insuf- 
ficient to overcome the pressure of the atmos- 
phere. 

Whence it appears that, without this atmos- 
pheric pressure, we should not have any per-* 
manent liquid and should only be able to see 
bodies in that state of existence in the very in- 
stant of melting, as the smallest additional 
caloric would instantly separate th^ partic^les 
and dissipate tiiem through the surrounding 
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medium. Besides, without this atmospheric 
pressure we should not even have any aeriform 
fluids, strictly speaking, because the moment 
the force of attraction is overcome by the re- 
pulsive power of the caloric the particles would 
separate themselves indefinitely, having noth- 
ing to give limits to their expansion, unless 
their own gravity might collect them together, 
so as to form an atmosphere. 

Simple reflection upon the most common ex- 
periments is sufficient to evince the truth of 
these positions. They are more particularly 
proved by the following experiment, which I 
published in the Recueil de V Academia for 
1777, p. 426. 

Having filled with sulphuric ether^ a small 
narrow glass vessel A (Plate vii. Fig, 17), 
standing upon its stalk P, the vessel, which is 
from twelve to fifteen lines* diameter, is to be 
covered by a wet bladder, tied round its neck 
with several turns of strong thread; for greater 
security, fix a second bladder over the first. The 
vessel should be filled in such a manner with 
the ether as not to leave the smallest portion of 
air between the liquor and the bladder. It is 
now to be placed under the recipient BCD of 
an air-pump, of which the upi)er part B ought 
to be fitted with a leathern lid, through which 
passes a wire EF, having its point F very sharp; 
and in the same receiver there ought to be 
placed the barometer GH. The whole being 
thus disposed, let the recipient be exhausted, 
and then, by pushing down the wire EF, we 
make a hole in the bladder. Immediately the 
ether begins to boil with great violence and is 
changed into an elastic aeriform fluid which 
fills the receiver. If the quantity of ether be 
sufficient to leave a few drops in the phial after 
the evaporation is finished, the elastic fluid pro- 
duced will sustain the mercury in the barom- 
eter attached to the airpump, at eight or ten 
inches in winter, and from twenty to twenty- 
five in summer. To render this experiment more 
complete, we may introduce a small thermom- 
eter into the phial A, containing the ether, which 
will descend considerably during the evapora- 
tion. 

The only effect produced in this experiment 
is the taking away the weight of the atmos- 
phere, which, in its ordinary state, presses on 

> As I shall afterwards give a definition, and ex- 
plain the properties of the liquor called e^r, I shall 
only premise here, that it is a very volatile in- 
flammable liquor, having a considerably smaller 
specific gravity than water, or even spirit of wine. — 
Atjtboh. , - 

* Line (from the French lione) equals one-twelfth 
of an inch.— Epitob. 
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the surface of the ether; and the effects result- 
ing from this ranoval evidently prove that, in 
the ordinary temperature of the earth, ether 
would always exist in an aeriform state, buk 
for the pressure of the atmosphere, and that 
the passing of the ether from the liquid to the 
aeriform state is accompanied by a consider- 
able lessening of heat; because, during the 
evaporation, a part of the caloric, which was 
before in a free state, or at least in eqvUv- 
brio in the surroimding bodies, combines with 
the ether and causes it to assume the aeriform 
state. 

The same experiment succeeds with all evap- 
orable fluids, such as alcohol, water, and even 
mercury with this difference, that the atmos- 
phere formed in the receiver by alcohol only 
supports the attached barometer about one 
inch in winter, and about four or five inches in 
summer; that formed by water, in the same 
situation, raises the mercury only a few lines, 
and that by quicksilver but a few fractions of 
a line. There is therefore less fluid evaporated 
from alcohol than from ether, less from water 
than from alcohol, and still less from mercury 
than from either; consequently there is less 
caloric employed, and less cold produced, which 
quadrates exactly with the results of these 
experiments. 

Another species of experiment proves very 
evidently that the aeriform state is a modifica- 
tion of bodies dependent on the degree of tem- 
perature and on the pressure which these bod- 
ies undergo. In a Memoire read by M. de La- 
place and me to the Academy in 1777, which 
has not been printed, w^e have shown that, 
when ether is subjected to a pressure equal 
to twenty-eight inches of the barometer or 
about the medium pressure of the atmosphere, 
it boils at the temperature of about 32® (104®), 
or 33® (106.25®), of the thermometer. M. de 
Luc, w'ho has made similar experiments with 
spirit of wine, finds it boils at 67® (182.75®). 
And all the vrorld knows that water boils at 80® 
(212®). Now, boiling being only the evaporation 
of a liquid, or the moment of its passing from 
the fluid to the aeriform state, it is evident 
that, if we keep ether continually at the tem- 
perature of 33® (106.25®), and under theeom- 
mon pressure of the atmosphere, we ^all have 
it always in an elastic aenform state; and that 
the same thing will happen with alcohol when 
above 67® (182.75®), and with water when 
above 80® (212®) ; all which are perfectly con- 
formable to the following experiment.^ 

> Vida ReeueU de V Acad6mie, 1780. p. B3£. 
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I filled a large vessel ABCD (Plate vii. Fig. 
m with water at 36® (110.75®), or 36® (113®); 
1 aiippose the vessel transparent, that we may 
Itee what takes {^aoe in the experiment; and we 
can easily hold the hands in water at that tem- 
perature without ineonvenience. Into it I 
plunged some narrow necked bottles F, G, 
which were filled with the water, after which 
they were turned up, so as to rest on their 
ihouths on the bottom of the vessel. Having 
next put some ether into a very small matrass, 
with its neck a 6 c, twice bent as in the Plate, I 
plunged this matrass into the water so as to 
have its neck inserted into the mouth of one of 
the bottles F. Immediately upon feeling the ef- 
fects of the heat communicated to it by the 
water in the vessel ABCD it began to boil ; and 
the caloric, entering into combination with it, 
changed it into elastic aeriform fluid, with 
which I filled several bottles successively, F, 
G, Ac. 

This is not the place to enter upon the ex- 
amination of the nature and properties of this 
aeriform fluid, which is extremely inflammable ; 
but, confining myself to the object at present 
in view, without anticipating circumstances 
which I am not to suppose the reader to know, 
I shall only observe that the ether, from this 
experiment, is almost only capable of existing 
in the aeriform state in our world; for, if the 
weight of our atmosphere was only equal to 
between 20 and 24 inches of the barometer, in- 
stead of 28 inches, we should never be able to 
obtain ether in the liquid state, at least in.sum- 
mer; and the formation of ether would conse- 
quently be impossible upon mountains of a 
moderate degree of elevation, as it would be 
converted into gas immediately upon being 
produced, unless we employed recipients of ex- 
traordinary strength, together with refrigera- 
tion and compression. And, lastly, the temper- 
ature of the blood being nearly that at which 
ether passes from the liquid to the aeriform 
state, it must evaporate in the primae viae^ 
and consequently it is very probable the medi- 
eal properties of this fluid depend chiefly upon 
its mechanical effect. 

These experiments succeed better with ni- 
trous ether, because it evaporates in a lower 
temperature than sulphuric eth^. It is more 
difficult to obtain alcohol in the aeriform state 
beeatise, as it requires 67® (182.75®) to reduce 
it to vapour, the water of the bath must be 
almost boiling, and consequently it is impos- 
sible tophingethehmidsmtoitatthattemper- 
atu^. ; 


It is evident that, if water were, used in fhv. 
foregoing experiment, it would be changed 
gas when exposed to a temperature superior to 
that at which it boils. Altbough thoroughly 
convinced of this, M. de Laplftce and myself 
judged it necessary to confirm it by the follow- 
ing direct experiment. We filled; a glass jar A 
(Plate VII, Fig. 5.) with mercury, and placed 
it with its mouth downwards in a dish B, like- 
wise filled with mercury, and having intro- 
duced about two gross of water into the jar, 
which rose to the top of the mercury at CD^ 
we then plunged the whole apparatus into, an 
iron boiler, EFGH, full of boiling sea-water of 
the temperstpre of 85® (123.25®), placed upon 
the furnace GHIK. Immediately upon t^ wa- 
ter over the mercury attaining the tempera- 
ture of 80® (212®), it began to boil; and, instead 
of only filling the small space ACD, it waa con- 
verted into an aeriform fluid which filleq the 
whole jar; the mercury even descended bAdowT 
the surface of that in the dish B; and the jar 
must have been overturned if it had not been 
very thick and heavy and fixed to the dish by 
means of iron wire. Immediatdy after with- 
drawing the apparatus from the boiler, the va- 
pour in the jar began to condense, and the mer- 
cury rose to its former station; but it returned 
again to the aeriform state a few seconds after 
replacing the apparatus in the boiler. 

We have thus a certain number of sub- 
stances, which are convertible into elastic aeri^ 
form fluids by d^rees of temperature not muoli 
superior to that of our atmosphere. We shall 
afterwards find that there are, several others 
which undergo the same change in similar cir- 
cumstances, such as muriatic or marine acid, 
ammonia or volatile alkali, carbonic acid or 
fixed air, sulphurous acid, &c. All of these are 
permanently elastic in or about the mean tem- 
perature of the atmosphere and under its com- 
mon pressure. 

All these facts, which could be easily multi- 
plied if necessary, give me full right to, assume, 
as a general principle, that almost every body 
in nature is susceptible of three several states 
of existence, solid, liquid, and aeriform, and 
that these thri^' states of existence depend 
upon the quantity of qaloric combined mih 
the body. Henceforwards I i^all express these 
elastic aeriform fluids by the generic te^ gna; 
and in each species of gas 1 shall distinguish 
between the caloric, whieh in Some pleasure 
serves the purpose of a solvent, tod the tohr 
stance, which in combination with the calorie, 
forms the base of the . ' / , ^ 





To these bases of the diSereat fasec^ which 
ate but httle khown, we have be^ obUged to 
assign names ; these I diall point out in Chap-* 
IV of this worky vdieu' I have previously 
given an account of the j^enomena attendant 
upon the heating and cooling of bodies, and 
when I have established precise ideas concern- 
ing the composition of bur atmosphere. 

We have already shown, that the particles 
of every substance in nature exist in a certain 
state of equilibrium, between that attraction 
whidi tends to unite and keep the particles to- 
gether and the effects of the caloric which 
tends to separate tirem. Hence the caloric not 
only surrounds the particles of all bodies on 
every side but fills up eveiy interval which the 
particles of bodies leave between each other. 
We may form an idea of this by supposing a 
vessel filled with small spherical leaden bullets, 
into which a quantity of fine sand is poured, 
which, insinuating into the intervals between 
the bullets, will fill up every void. The balls, in 
this comparison, are to the sand which sur- 
rounds them exactly in the same situation as 
the particles of bodies are with respect to the 
caloric ; with this difference only, that the balls 
are supposed to toudi each other, whereas the 
particles of bodies are not in contact, being re- 
tained at a small distance from each other by 
the caloric. 

If, instead of spherical balls, we substitute 
solid bodies of a hexahedral, octahedral, or any 
other regular figure, the capacity of the inter- 
vals between them will be lessened and conse^ 
quentiy will no longer contain the same quan- 
tity of sand. The same thing takes place, with 
respect to natural bodies; the intervals left be- 
tween their particles are not of equal capacity 
but vary in consequence of the different figures 
and magnitude of their particles^ and of the 
distance at which these particles are main- 
tained, according to the existing psoportion 
between thdr inherent attraction iad the re- 
pulsive force exerted upon them by the oabric. 

In this manner we must understand the fol- 
lowing expression, introduced by the English 
phUosopher% who have given us the first pro- 
ideas upon this subject: Ois txipacity of 
bodies far cord^dning the matter of heat. As obm- 
panaons with Sensible objects are of great use 
in assisting us to form distinct notions of ab- 
stiaet ideas, we shail endeavour to ilkstrate 
this by insti^oiiig the phenomena whieh take 
ptaee between water and bodies winch aret 
wettel and p^etratcid by it^ with a few r^eo- 
tioiis*> . ^ ■ ' ' ' — 


STRY n 

H weinmani^equal pieoesof different kinds 
of wood, suppose cubes of one foot each, into 
water, the fii^ gradually insinuateB itself into 
their pores and the peces of Wood are aug- 
ment^ both in wd^t and magnitude: buf^ 
eadi species of wood will imMbe a different 
quantity of water ; the lighter and more pmous 
woods will admit a larger, the compact and 
closer grained will admit of a lesser quantity; 
for the proportional quantities of water im- 
bibed by the pieces will depend upon the na- 
ture of the constituent particles of the wood 
and upon the greater or lesser affinity suhr 
sisting between them and water. Very resinous 
wood, for instance, though it may be at the 
same time very porous, will admit but little 
water. We may therefore say that the different 
kinds of wood possess different capacities for 
receiving water; we may even determine, by 
means erf the augmentation of their wei^ts, 
what quantity of water they have actually ab- 
sorbed; but, as we are ignorant how much war 
ter they contained previous to immersion, we 
cannot determine the absolute quantity they 
contain after being taken out of the water. 

The same circumstances undoubtedly take 
place with bodies that are immersed in caloric; 
taking into consideration, however, that wati^ 
is an incompressible fluid, whereas caloric is, 
on the contrary, endowed with very great elas- 
ticity; or> in other words, the particles of ca- 
loric have a great tendency to separate from 
each other, when forced by any other power to 
approach; this difference must of necessity oc- 
casion very considerable diversities in the re- 
sults of experiments made upon these two sub- 
stances. 

Having established these clear and simple 
propositions, it will be very easy to explain the 
ideas which ought to be affixed to the follow- 
ing expressions, which are by no means syn- 
onimous, biit possess each a strict and deto^ 
minate meaning, as in the following definitions : 

Free caloric is that which is not combined in 
any manner with any other body. But, as we 
hveinasyston to whi^calorichasa very Strong 
adhesion, it follows that we are never able to 
obtain it in the state of absolute freedom. 

Combined caloric is that which is fixed in 
bodies by affinity or elective attraction,, so as 
toidm part of thesobstanceirf the body, eveoa 
part of its solidity . 

^ By toe expression spwific calorie of bodies 
we understand the respective quantities of ea^ 
li^fiequislto feu^misi^ a number of bc^ffies of 
the aainemi^t to anequal degreeof 
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ture. This proportional quantity of caloric de- 
pends upon the distance between the constitu- 
ent particles of bodies and their greater or less- 
er degrees of cohesion ; and this distance, or rath- 
%r the space or void resulting from it, is, as I 
have already observed, called the capacity of 
bodies for containing caloric. 

Heat, considered as a sensation, or, in other 
words, sensible heat, is only the effect pro- 
duced upon our sentient organs by the motion 
or passage of caloric, disengaged from the sur- 
rounding bodies. In general, we receive im- 
pressions only in consequence of motion, and 
we might establish it as an axiom (hat, with- 
out MOTION, THERE IS NO SENSATION. This 
general principle applies very accurately to the 
sensations of heat and cold : when we touch a 
cold body, the caloric which alwaj^ tends to 
become in equilibrio in all bodies, passes from 
our hand into the body we touch, which gives 
us the feeling or sensation of cold. The direct 
contrary happens, when we touch a warm 
body, the caloric then passing from the body 
into our hand produces the sensation of heat. 
If the hand and the body touched be of the 
same temperature, or very nearly so, we re- 
ceive no impression, either of heat or cold, be- 
cause there is no motion or passage of caloric: 
and thus no sensation can take place without 
some correspondent motion to occasion it. 

When the thermometer rises, it shows that 
free caloric is entering into the surrounding 
bodies: the thermometer, which is one of these, 
receives its share in proportion to its mass and 
to the capacity which it possesses for contain- 
ing caloric. The change therefore which takes 
place upon the thermometar only announces a 
change of place of the caloric in those bodies 
of which the thermometer forms one part; it 
only indicates the portion of caloric received, 
without being a measure of the whole quantity 
disei^aged, displaced, or absorbed. 

The most simple and most exact method for 
determining this latter point is that described 
by M. de Laplace, in the Recucil de VAccM- 
mU 1780, p. 364, a summary explanation of 
which will be found towards the conclusion of 
this work. This method consists in placing a 
body, or a combination of bodies, from which 
caloric is disengaging, in the midst of a hollow 
of ice; and the quantity of ice melted 
l^omes an exact measure Of the quantity of 
eaioxic disengaged. It is possible, by means of 
the apparatus which we Imve caused to be con- 
stanch upon this fdsJEi, to determine not, as 
hem been foetended, the capacity of bodies for 


containing heat, but the ratio of the increase 
or diminution of capacity produced by deter- 
minate degrees of temperature. It is easy with 
the same apparatus, by means of divers com- 
binations of experiments, to determine the 
quantity of caloric requisite for converting sol- 
id substances into liquids, and liquids into elas- 
tic aeriform fluids; and, vice versa, what quan- 
tity of caloric escapes from elastic vapours in 
changing to liquids, and what quantity escapes 
from liquids during their conversion into sol- 
ids. Perhaps, when experiments have been made 
with sufficient accuracy, we may one day be 
able to determine the proportional quantity of 
caloric necessary for producing the severnl spe- 
cies of gases" I shall hereafter, in a separate 
chapter, give an account of the principal results 
of such experiments as have been mad^upon 
this head. \ 

It remains, before finishing this article, to 
say a few words relative to the cause oA the 
elasticity of gases and of fiuids in the state of 
vapour. It is by no means difficult to perceive 
that this elasticity depends upon that of ca- 
loric, which seems to be the most eminently 
elastic body in nature. Nothing is more readily 
conceived than that one body should become 
elastic by entering into combination with an- 
other body i)osses8ed of that quality. We must 
allow that this is only an explanation of elastic- 
ity, by an assumption of elasticity, and that 
we thus only remove the difficulty one step 
further, and that the nature of elasticity, and 
the reason for caloric being elastic, remains 
still unexplained. Elasticity in the abstract is 
nothing more than that quality of the particles 
of bodies by which they recede from each other 
when forced together. This tendency in the 
particles of caloric to separate, takes place 
even at considerable distances. We shall be 
satisfied of this, when we consider that air is 
susceptible of undergoing great compression, 
which supposes that its particles were pre- 
viously very distant from each other; for the 
power of approaching together certainly sup- 
poses a previous distance, at least equal to the 
degree of approach. Consequently, those par- 
ticles of the air, which are already considerably 
distant from each other, tend to separate still 
farther. In fact, if we produce Boyle’s vacuum 
in a large receiver, the very last portion of air 
which remains spreads itself uniformly through 
the whole capacity of the vessel, however 
large, fills it completely throughout, and presses 
everywhere against its sides. We cannot, how* 
ever, explain this effect without supposing that 
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the particles make an effort to separate them- 
selves on every side, and we are quite ignorant 
at what distance, or what degree of rarefaction, 
this effort ceases to act. 

Here, therefore, exists a true repulsion be- 
tween the particles of elastic fluids; at least, 
circumstances take place exactly as if such a 
repulsion actually existed; and we have very 
g(^ right to conclude that the particles of 
caloric mutually repel each other, 'l^en we are 
once permitted to suppose this repelling force, 
the Totumak of the formation of gases, or 
aeriform fluids becomes perfectly simple; tho' 
we must, at the same time, allow that it is ex- 
tremely difficult to form an accurate concep- 
tion of this repulsive force acting upon very 
minute particles placed at great distances from 
each other. 

It is, perhaps, more natural to suppose that 
the particles of caloric have a stronger mutual 
attraction than those of any other substance 
and that these latter particles are forced 
asunder in consequence of this superior attrac- 
tion between the particles of the caloric, which 
forces them between the particles of other 
bodies that they may be able to reunite with 
each other. We have somewhat analogous to 
this idea in the phenomena which occur when 
a dry sponge is dipped into water: the sponge 
swells; its particles separate from each other; 
and all its intervals are filled up by the water. 
It is evident that the sponge in the act of 
swelling, has acquired a greater capacity for 
containing water than it had when dry. But we 
cannot certainly maintain that the introduc- 
tion of water between the particles of the 
sponge has endowed them with a repulsive 
power, which tends to separate them from each 
other; on the contrary, the whole phenomena 
are produced by means of attractive powers; 
and these are, 1st, the gravity of the water, 
and the power which it exerts on every side, in 
common with all other fluids; 2nd, the force 
of attraction which takes place between the 
particles erf the water, causing them to unite 
together; 3rd, th^ mutual attraction of the 
partides of the sponge with each other; and, 
lostiy, the reciprocal attraction which exists 
between the particles of the sponge and th(»e 
of the water. It is easy to understand that the 
explanation of this fact depends upon properly 
appreciating the intoisity of, and connection 
between, these several powers. It is probable 
that the separation of the particl^ of bodies, 
occasioned by caloric, depends in a rimilar 
manner upon a certain combination of differ- 


ent attractive powers, which, in confonnity 
with the imperiection of our knowledge, we 
endeavour to express by saying that caloric 
communicates a power of r^ulsion to the par* 
tides of bodies. 

CHAPTER II 

General Views Relalwe to the Formation and 
Compoeition of our Atmosphere 

These views which I have taken of the forma- 
tion of elastic aeriform fluids or gases throw 
great light upon the original formation of the 
atmospheres of the planets and particularly 
that of our earth. We readily conceive that it 
must necessarily consist of a mixture of the 
following substances: Ist, of all bodies that are 
susceptible of evaporation, or, more strictly 
speaking, which are capable of retaining the 
state of aeriform elasticity in the temperature 
of our atmosphere, and under a pressure equal 
to that of a column of twenty-eight Inches of 
quicksilver in the barometer: and, 2nd, of all 
substances, whether liquid or solid, which are 
capable of being dissolved by this mixture of 
different gases. 

The better to determine our ideas relating to 
this subje<^t, which has not hitherto been suf- 
ficiently considered, let us, for a moment, con- 
ceive what change would take place in the var- 
ious substances which compose our earth, if its 
temperature were suddenly altered. If, for 
instance, we were suddenly transported into 
the region of the planet Mercury, where prob- 
ably the common temperature is much superior 
to that of boiling water, the water of the earth 
and all the other fluids which are susceptible of 
the gaseous state at a temperature near to 
that of boiling water, even quicksilver itself, 
would become rarified;and all these substances 
would be changed into permanent aerifomi 
fluids or gases, which would become part 6f 
the new atmosphere. These new species of airs 
or gases would mix with those already exiiSt- 
ing, and certain reciprocal decompositions and 
new combinations would take place, until such 
time as all the elective attractions or affinities 
subsisting amongst all these new and old gase- 
ous substances had operated fully; after which, 
the elementary principles compoiring th^ 
gases, being saturated, would remain at rest. 
We must attend to this, however, that, even 
in the above hypothetical situation, certain 
boimds would occur to the evaporation of tiiese 
substances, produced by that very evapora- 
tion itself; fores, in pro^rtion to the increase 
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of istlaeticfliudsi thepxosisufacrf tiieatiBOsiidi^ 
n^ould be ai^^ted, as every degree of pres* 
sure tends, in some measure, to prevent evap- 
oration, and as even the most evaporaUe 
fluids can resist the operation of a very high 
temperature without evaporating, if prevent^ 
by a proportionally stronger compression, wa- 
ter and all other liquids being able to sustain a 
red heat in Papin's digester; we must admit 
that the new atmosphere would at last arrive 
at such a degree of weight that the water which 
had not hitherto evaporated would cease to 
boil and, of consequence, would remain liquid; 
so that, even upon this supposition as in all 
others of the same nature, the increasing grav- 
ity of the atmosphere would find certain limits 
which it could not exceed. We might even ex- 
tend these reflections greatly further, and ex- 
amine what change might be produced in such 
situations upon stones, salts, and the greater 
part of the fusible substances which compose 
the mass of our earth. These would be softened, 
fused, and changed into fluids, &c.: but these 
speculations carry me from my object, to 
which I hasten to return. 

By a contrary supposition to the one we 
have been forming, if the earth were suddenly 
transported into a very cold region, the water 
which at present composes our seas, rivers, and 
springs, and probably the greater number of 
the fluids we are acquainted with, would be 
converted into solid mountains and hard rocks, 
at first diaphanous and homogeneous, like rock 
crystal, but which, in time, becoming mixed 
with foreign and heterogeneous substances, 
would become opaque stones of various colours. 
In this case, the air, or at least some part of the 
aeriform fluids which now compose the mass of 
our atmosphere, would doubtless lose its elas- 
ticity for want of a sufficient temperature to 
retain, it in that state: it would return to the 
liquid state of existence, and new liquids would 
be formed, of whose properties we cannot, at 
present, form the most distant idea. 

These two opposite suppositions give a dis* 
tinct proof of the following corollaries : 1st that 
UquidUyf and aeriform elasticity, are 
only three different states of existence of the 
i^e matter, or three particular modffiGations 
wMeh almost all substances are susceptible of 
^umipgsuccessiyely, and which solely depend 
degree of temperature to wffich they 
areexposed ;or, mother words, upon the quanti- 
ty of- caloric with which they are penetrated* 
that it is extremely probable that air is a 
, ixM naturally existing in a state of yapqur; 


or,asweniay better expressiti that<HUratmos- 
{^ere is a compound of afl the fluids which are 
susceptible of the vaporous or permanently 
elastic state, in the usual t^perature and ,un>» 
der the common pressujre. 3rd, that it is not 
impossible we iinay discover, in pur atmos* 
phere, certain substances naturally very com^ 
pact, even metals themselves; as a metallic 
substance, for instance, only a little more vol- 
atile than mercury, might exist in that sit- 
uation. 

Amongst the fluids with which we are ac- 
quainted, . some, as water and alcohol, are 
susceptible of mixing with each other in all pro- 
portions; whereas others, on the contrary, as 
quicksilver, water, and oil, can only itcrm a 
momentary union; and, aft^ being mixed to- 
gether, separate and arrange themselves ac- 
cording to their specific gravities. The same 
thing ought to, or at least may, take place in 
the atmosphere. It is possible, and even ex- 
tremely probable, that, both at the first crea- 
tion and every day, gases are formed, which 
are with difficulty miscible with atmospheric 
air and are continually separating from it. If 
these gases bo specifically lighter than the gen- 
eral atmospheric mass, they must, of course, 
gather in the higher regions and form strata that 
fioat upon the common air. The phenomena 
which accompany igneous meteors induce me 
to believe that there exists in the upper parts of 
our atmosphere a stratum of inflammable fluid 
in contact with those strata of air which pro- 
duce the phenomena of the aurora borealis and 
other fiery meteors.— I mean hereafter to pur- 
sue this subject in a separate treatise. 

CHAPTER III 

Analysis of Atmospheric Air, and Us Divisum 
into Two Elastic Fluids; the One Fit for Ees- 
pvration, (hcOtherlncapMeof Being Beepired. 

From what has been premised, it follows that 
our atmosphere is composed of a mixture of 
every substance capable of retaining the gas- 
eous or aeriform state in common tempei^ 
ature, and under the usual pressure wbi<& it 
experiences, These fluids constitute a masa^ in 
some measure homogene<^ extending fi^ 
the surface of the earth to the greatest 
hitherto attained>:(tf which the density ocmtin* 
ually decreases in the inverse ratio of the super- 
incumbent weight. But; as I have before-, 
served, it is poswUe that this first stratum 
surmounted by several :other8 consiirtinf^ of 
veiy different, flnWs# . . ^ . 
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4>tir to endeavour 

tu detonmney^iy the nature of 

the elastic fluids which dompose the hofeitior 
stnttuin of air which we inhabit. Modem chem- 
istry has made great advances in this research ; 
flUnd It will appear by the following details that 
the, analysis d atmosphericalair been more 
rigorously determined than that of any other 
substance of the dass. iChemistry affords two 
g^ieial methods of determining the oonstitur 
ent principles of bodies, tiie method of analysis, 
and that of synthesis. When, for instance, by 
combining water with alcohol we form the 
specieB of liquor called, in commercial lan- 
guage, brandy or spirit of wine, we certainly 
have a right to conclude that brandy, or spirit 
of wine, is composed of alcohol combined with 
water. We can produce the same result by the 
analytical method; and in general it ought to 
be considered as a principle in chemical science 
never to rest satisfled without both these spe- 
cies of proofs. 

We have this advantage in the analysis of 
atmospherical air, bdng able both to decom- 
pound it, and to form it anew in the most sat- 
isfactory manner. 1 shall, however, at present 
confine myself to recount such experiments as 
are most conclusive upon this head; and I may 
consider most of these as my own, having 
either first invented them or having repeated 
those of others, with the intention of anfdysing 
atmospherical air, in perfectly new points of 
view, 

I took a matrass A (Platie ii. Fig, H) of 
about 36 cubic inches capacity, having a long 
neck BCDE of six or seven lines internal diam- 
eter, and having bent the neck as m Plate IV, 
Fig, so as to allow of its being placed in the 
furnace MMNN, in such a manner that the 
extremity of its neck E mig^t be inserted under 
a belt^lass FG, placed in a trou^ of quidc- 
silver RES6; 1 introduced four ounces of pure 
mercury into the matrass and, by means of a 
siphon, Exhausted the air in the receive FG, 
so as to raise the quicksilver to LL, and 1 care- 
fully marked the height at which it stood by 
pasting on a slip of paper. Having accurately 
noted the hdght of the tb^oi&eter.and ba- 
rometer, I lifted a fire in the fumaceMMNN, 
whidi I kept up almost continuailyl duric^ 
tiMve^days, so as to keq^ the quicMlver air 
wi^rahnost at its boiling point. Nothing re* 
mtirkable took {dace during the first day: the 
^thou^ not bmfing,, was euntinuaUy 
elrapqmting and eoveredtibinteri^si^ d 
the vfitfNis drops, ^atiflcsi very mi^ 


ante, vdxidi, gradually augmenting to a suffi- 
cient size, f^ back into the mass at the bottom 
ot the vessri. On the second day, small red 
particles beg^ to appear on the stnfaee of the 
mercury, which, during the four or five follow- 
ing da 3 rs, gradufdly increased in size and num- 
ber, after which they ceased to increase in 
either respect. At the end of twelve days, see- 
ing that the calcination of the mercury did xrot 
at all increase, 1 extinguished the fire, and al- 
lowed the vessels to cool. The bulk of air in the 
body and neck of the matrass, and in the bril- 
glasB, reduced to a medium of 28 inches of the 
barometo* and 10® (64.6®) of the thermometer, 
at Ihe commencement of the experiment was 
about 60 cubic inches. At the end of the ex- 
periment the remaining air, reduced to the 
same medimn pressure and temp^ture, was 
only between 42 and 43 cubic inches; conse- 
quently it had lost about H of its bulk. After- 
wards, having collected all the red particles 
formed during the experiment from the run- 
ning mercury in wluch they floated, I found 
these to amount to 45 grains. 

I was obliged to repeat this experiment seve- 
ral times, as it is difficult in one experiment 
both to preserve the whole air upon which we 
operate and to collect the whole of the red 
particles, or calx of mercury, which is formed 
during the calcination. It will often happen in 
the sequel that I shall, in this manner, ^ve in 
one detail the results of two or three experi- 
ments of the same nature. 

The air which remained after the calcination 
of the mercury in this experiment, and which 
was reduced to H of its former bulk, was no 
longer fit either for respiration or for combus- 
tion; animals being introduced into it were 
suffocated in a few seconds, and when a taper 
was plunged into it, it was extingoiriied as if it 
had been immersed into water. 

In the next place, I took the 45 gmins of red 
matter foimed during this experiment, which I 
put into a small glass retcsl}, having a proper 
apparatus for receiviz^ such liquid, or gaseous 
produet, as might be extracted : having applied 
a fire to the retort m a furnac6,Iobser^lhat^ 
in proportion as the red matter became heated, 
tiie inteoasity of its colour augmented. When the 
retort was almost red hot, the red matter bef^ 
gradually to /decrease in bulk, and a few tohir 
utes afterwards, it disappeared altogtiiieri at 
the BOmeitime 4IK of runxungmeieuj^ 
were collected in the recipient, and 7 oar 8 eubie 
mduBS d tiastio fluid, greatly imte eapablenf 
fliapporting both respimtfen and combutiaou 
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tiian atmospherical air, were collected in ike 
beH^glass. 

A part of this air being put into a glass tube 
of atout an inch diameter showed the follow- 
ing properties: a taper burned in it with a daz- 
zling splendour and charcoal, instead of con- 
suming quietly as it does in common air, burnt 
with a flame, attended with a decrepitating 
noise, like phosphorus, and threw out such a 
brilliant light that the eyes could hardly en- 
dure it. This species of air was discovert al- 
most at the same time by M. Priestley, M. 
Scheele, and myself. M. Priestley gave it the 
name of dephlogisticated air^ M. Scheele called 
it empyreal air. At first I named it highly res- 
pircd)le air, to which has since been substituted 
the term of vital air. We shall presently see 
what we ought to think of these denomina- 
tions. 

In reflecting upon the circumstances of this 
experiment, we readily perceive that the mer- 
cury, during its calcination, absorbs the salu- 
brious and respirable part of the air, or, to 
speak more strictly, the base of this respirable 
part; that the remaining air is a species of me- 
phitis, incapable of supporting combustion or 
respiration ; and consequently that atmospheric 
air is composed of two elastic fluids of different 
and opposite qualities. As a proof of this im- 
portant truth, if we recombine these two elastic 
fluids, which we have separately obtained in 
the above experiment, viz., the 42 cubic inches 
of mephitis, with the 8 cubic inches of respir- 
able air, we reproduce an air precisely similar 
to that of the atmosphere and possessing nearly 
the same power of supporting combustion and 
respiration, and of contribiting to the calcina- 
tion of metals. 

Although this experiment furnishes us with 
a very simple means of obtaining the two prin- 
cipal elastic fluids which compose our atmos- 
I^ere separate from each other, yet it does not 
give us an exact idea of the proportion in which 
these two enter into its composition: for the 
attraction of mercury to the respirable part of 
ike air, or rather to its base, is not sufficiently 
st^ng to overcome all the circumstances which 
oppose this union. These obstacles are the mu- 
tual adhesion of the two constiutent parts of 
the atmosphere for each other and the elective 
attraction which unites the base of vital air 
mik caloric; in consequence of these, when the 
calcination ends, or is at least carried as far as 
is po^ible in a determinate quantity of atmos- 
nhmc air, there still remains a portion of 
respirable air united to the ine{diitiB| whidi 


the mercury cannot separate* I shall after- 
wards show that, at least in our climate, 
the atmospheric air is composed of res^ 
able, and mephitic airs, in the proportion 
of 27 and 73; and I shall then discuss ike 
causes of the uncertainty which still exists 
with respect to the exactness of that propor- 
tion. 

Since, during the calcination of mercury, air 
is decomposed, and the base of its respirable 
part is fixed and combined with the mercury, 
it follows, from the principles already estab- 
lished, that caloric and li^t must be disen- 
gaged during the process: but the two follow- 
ing causes p,revent us from being senpble of 
this taking place: as the calcination lasts dur- 
ing several days, the disengagement oflcaloric 
and light, spread out in a considerable space of 
time, becomes extremely small for eacn par- 
ticular moment of that time, so as notko be 
perceptible; and, in the next place, the opera- 
tion being carried on by means of fire in a fur- 
nace, the heat produced by the calcination it- 
self becomes confounded with that proceeding 
from the furnace. I might add the respirable 
part of the air, or rather its base, in entering 
into combination with the mercury, does not 
part with all the caloric which it contained but 
still retains a part of it after forming the new 
compound; but the discussion of this point, 
and its proofs from experiment, do not belong 
to this part of our subject. 

It is, however, easy to render this disengage- 
ment of caloric and light evident to the senses, 
by causing the decomposition of air to take 
place in a more rapid manner. And for this 
purpose, iron is excellently adapted, as it pos- 
sesses a much stronger affinity for the base of 
respirable air than mercury. The elegant ex- 
periment of M. Ingenhouz, upon the combus- 
tion of iron, is well known. Take a piece of 
fine iron wire twisted into a spiral BC (Plate 
IV, Fig, 17)^ fix one of its extremities B into 
the cork A, adapted to the neck of the bottle 
DEFG, and fix to the other extremity of the 
wire C a small morsel of tinder. Matters being 
thus prepared, fill the bottle DEFG with air 
deprived of its mephitic part; then light the 
tinder and introduce it quickly, with the wire 
upon which it is fixed, into the bottle which 
you stop up with the cork A, as is shown in the 
figure (17, Plate iv). The instant the tinder 
comes into contact with the vital air it begins 
to bum with great intensity; and, communi* 
eating the inflammation to the iron-wire, it too 
takes fire and bums rapidly, thxowing out 
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briHiaat sparks, which fail to the bottom of Ihe 
vessel in round^ globules, which become black 
in cooling but retain a degree of metallic splen- 
dour. The iron thus burnt is more brittle even 
than glass and is easily reduced into powder, 
and is still attractable by the magnet, though 
not so powerfully as it was before combustion^ 
As M. Ingenhouz has neither examined the 
change produced on iron nor upon the air by 
this operation, I have repeated the experiment 
under different circumstances, in an apparatus 
adapted to answer my particular views, as 
follows. 

Having filled a bell-glass A (Plate i v, Fig. S) 
of about six pints measure with pure air, or the 
highly respirable part of air, I transt)orted this 
jar by means of a very flat vessel, into a quick- 
silver bath in the basin BC, and I took care to 
render the surface of the mercury perfectly dry 
both within and without the jar with blotting 
paper. I then provided a small capsule of china- 
ware D, very flat and open, in which I placed 
some small pieces of iron, turned spirally and 
arranged in such a way as seemed most favour- 
able for the combustion being communicated 
to every part. To the end of one of these pieces 
of iron was fixed a small morsel of tinder, to 
which was added about the sixteenth part of a 
grain of phosphorus, and, by raising the bell- 
glass a little, the china capsule, with its con- 
tents, were introduced into the pure air. I know 
that, by this means, some common air must 
mix with the pure air in the glass; but this, 
when it is done dexterously, is so very trifling 
as not to injure the success of the experiment. 
This being done, a part of the air is sucked out 
from the bell-glass, by means of a siphon GHI, 
so as to raise the mercury within the glass to 
EF; and, to prevent the mercury from getting 
into the siphon, a small piece of paper is twist- 
ed round its extremity. In sucking out the air, 
if the motion of the lungs only be used, 
we cannot make the mercury rise above an 
inch or an inch and a half; but, by properly 
using the muscles of the mouth, we can, with- 
out difficulty, cause it to rise six or seven 
inches. 

1 next took an iron wire, (MN, Plate iv. Fig. 
16) properly bent for the purpose, and making 
it hot in the fire passed it through the mer- 
cury into the receiver and brought it in contact 
with the small piece of phosphorus attached to 
the tinder. The phosphorus instantly takes 
fire, which communicates to the tinder, and 
from tl^at to the iron. When the pieces have 
been properly an^nged, the whole iron burns, 


even to the last paktide, throwing out a white 
brilliant li^t simlar to that of Chinese fire- 
works. The great heat produced by this com- 
bustion melts the iron into round globules of 
different sizes, most of which fail into the china 
cup; but some are thrown out of it and swim 
upon the surface of the mercury. At the begin- 
ning of the combustion, there is a slight aug- 
mentation in the volume of the air in the bdl- 
glass, from the dilatation caused by the heat; 
but, presently afterwards, a rapid diminution 
of the air takes place and the mercury rises in 
the glass; insomuch that, when the quantity of 
iron is sufficient, and the air operated upon is 
very pure, almost the whole air employed is 
absorbed. 

It is proper to remark in this place that, un- 
less in making expenments for the purpose bf 
discovery, it is better to be contented with 
burning a moderate quantity of iron; for, when 
this experiment is pushed too far, so as to ab- 
sorb much of the air, the cup D, which floats 
upon the quicksilver, approaches too near the 
bottom of the bell-glass; and the great heat 
produced, which is followed by a very sudden 
cooling, occasioned by the contact of the cold 
mercury, is apt to break the glass. In which 
case, the sudden fall of the column of mercury, 
which happens the moment the least flaw is 
produced in the glass, causes such a wave as 
throws a great part of the quicksilver from 
the basin. To avoid this inconvenience, and 
to ensure success to the experiment, one 
gross and a half of iron is sufficient to bum 
in a bell-glass, which holds about eight pints 
of air. The glass ought likewise to be strong, 
that it may be able to bear the weight of 
the column of mercury which it has to sup- 
port. 

By this experiment, it is not possible to de- 
termine, at one time, both the additional wei^t 
acquired by the iron, and the changes which 
have taken place in the air. If it is wished to 
ascertain what additional wei^t has been 
gained by the iron, and the proportion be- 
tween that and the air absorbed, we must 
carefully mark upon the bell-glass, with a dia- 
mond, the height of the mercury, both before 
and after the experiment. After this, the si- 
phcm GH (Plate iv, Fig, S) guaitied, as before, 
with a bit of paper, to prevent its filling with 
mercury, is to be introduced undea* the bell- 
glass, having the thumb placed upon the eat- 
tremity, G, of the siphon, to regulate the pasr 
sage of the air; aiul by tins means the air is 
gradually admitted, so as to let the mercury 
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tall to itstevel. This b^gdone, the bdl-^glaas may be es^aimned at targe and idth great la-' 
is to be carefully removedt the giobules of oility. 

meited iron contained in the and those ¥^en v^soft and very pure hoii has been 

which have been scattered about, and swim employed in this experiment, and, if the oomr 

upon the mercury are to be accurately col- bustionhasbeenperformedinthepurestiefi^ii^ 
lected, and the whole is to be weighed. The irqn able or vital air, free from ail ado^tire of the 
will be found in that state called martid eMopa noxious or mephitic part, the air whit^ remains 
by the old chemists, possea^g a degree of me- after the! combustion will be found as pureas it 
tallic brilliancy, very friable, and readily re- was before; but it is difficult to find iron en- 
dhcible into powder under the hammer or with tirely free from a small portion of idiarry mat^ 
a pestle and mortar. If the experiment has sue- ter, which is chiefiy abundant in steel. It is 
c^ed well, from 100 grains of iron will be ob- likewise exceedingly difficult to procure the 
tained 135 or 136 grains of eMopa^ which is an pure air perfectly free from some admixture of 
augmentation of 35 per cent. mephitis, with which it is almost always con- 

If all the attention has been paid to this ex- taminatec}; Jmt this species of noxious air does 
poriment which it deserves, the air will be not in the smallest degree disturb the Result of 
found diminished in weight exactly equal to the experiment, as it is always found at the 
what the iron has gained. Having therefore end exactly in the same proportion as\at the 
burnt 100 grains of iron, which has acquired an beginning. 

additional weight of 35 grains, the diminution I mentioned before that we have twq ways 
of air will be found exactly 70 cubic inches; of determining the constituent parts of ai^mos- 
and it will be found, in the sequel, that the pheric air, the method of analysis, and that by 
wei^t of vital air is pretty nearly half a grain synthesis. The calcination of mercury has fur- 
for eiich cubic inch; so that, in effect, the aug- nished us with an example of each of these 
mentation of weight in the one exactly coin- methods, since, after having robbed the respiiv 
cides with the loss of it in the other. able part of its base, by means of the mercury, 

I shall observe here, once for all, that, in we have restored it, so as to recompose an air 
everyexperimentof this kind, the pressure and precisely similar to that of the atmosphere, 
temperature of the air, both before and after But we can equally accomplish this synthetic 
the experiment, must be reduced, by calcula- composition of atmospheric air by borrowing 
tion, to a common standard of 10® (54.5®) of the materials of which it is composed from dif- 
the thermometer and 28 inches of the barom- ferent kingdoms of nature. We shall see here- 
eter. Towards the end of this work, the manner after that when animal substances are dis- 
of performing this very necessary reduction solved in the nitric acid a great quantity of gas 
witt be found accurately detailed. is disengaged, which extinguishes li^t and 

If it be required to examine the nature of the is unfit for animal respiration, being exactly 
air which remains after this experiment, we similar to the noxious or mephitic part of at- 
must operate in a somewhat different manner, mospheric air. And, if we take 73 parts, by 
After the combustion is finished, and the ves- wei^t, of this elastic fiuid, and mix it with 27 
sds have cooled, we fiiet take out the cup, and parts of highly rei^irable air, procured from 
the burnt iron, by introducing the hand tlrough calcined mercury, we will form an dastic fluid 
the quicksilver undi^ the Ml-glass; we next precisely similar to atmospheric air in all its 
introduce some solution of pot^, or caiustic properties. 

alkali, or of the sulphuret of potash, or sueffi There are many other methods of s^araring 

other substance as is judged proper fox exam- the respirable frouLibe noxious part eff the at^ 
ining their action upon the residuum of air. 1 mospheric air, which cannot be noticesd 
shall, in the sequd, give an account of these in this part without anticipating information 
methods of analyaineg air, when I have which properly belongs to the subsequent 
plamedtibenatureoftbesedifferentsubstances,; ohapt^ The experiments already adduced 
vdiidi are only here in a manner accidentally may suffice for an elementary treatise; and,: in 
mentioQed. Aitor thte examination, so much matters of this nature, the dhoice iff our 
water must be let into the ^ass as wflldispiace denees is eff far greater consequence than 
t1mquickmlver,sndthen, by]neanso{a;ffialr^ number, ’ ' 

bw dirii planed bebw the b^gbsa, it bto be I shall dose^his article by pdntiigout the 
removed into the bcnnsi^ water pi^umato-. property which atmospheric , ah, and ^all^ 
Cbcinical apparatus, where the air rnmaimng km^gases^ pdssesBbfdbmMngwater^^W^ 
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is ot great Cfl«ui^t2)enioe<1o toatte^ to^mali 
es^ieiteents of thb paiiore; M^Samasum tmUd^ 
by experiment, that a eubb loot of atmoer 
phmio mr b: eapable of holding 12 grains o! 
watesimsolution : other gases, as oarbonie add; 
ai^raar capaldo of dissolving a greater quan-^ 
tity; but experiments are stiU wanting by 
wl^h to detemune their several pioportions. 
This water, held in solution by gases, gives rise 
to particular phenomena in many experiments 
wfaidi require, great attention and wUch has 
frequently pro^^ the source of great errors to 
chemists in determining the results of thdr 
experiments. 

CHAPTER IV 

Nmmsktturepf the Several ConstUueni Parte of 
Atmoepherie Air 

Hitherto I have been obliged to make use of 
circumlocution to express the nature of the 
several substances whidi constitute our at^ 
mospbere, having proviskmally used the terms 
of veepirable and noxtctts, or nofirreepirable 
ptrte if the air. But the investigations I mean 
to undertake require a more direct mode of 
expression; and, having now endeavoured to 
give simple and distinct ideas of the diif^nt 
substances which enter into the composition of 
the atmosphere, I shall henceforth express 
these ideas by words equally simple. 

The temperature of our earth being very 
near to that at which water becomes soUd and 
redpiocally changes from solid to fluid, and as 
this phenomenon takes place frequently vaidm: 
our obBervation, it has very naturally fol* 
lowed that, in the languages of at least every 
dimate subjected to any degree of winter, a 
term has been used for signifying water in the 
state of solidity when depri^ of its caloric* 
The same, however, has not been found neces^ 
sajcy with respect to wata* reduced to the state 
of vapour. by an additional dose of caloric; 
since ttu»e persons whp do not make a partic- 
ular study of objects of this kind are still ig* 
norant duit water,; when in atemperature only 
a Utde above the boiling heat, is changed into 
bmelasrie a^orm fluid, susceptible, Uko all 
Orirar gwsesi^df being received and contamed in 
ivesseb asrii prasorviug itaigaseous fowa bo kmg 
as lemams at the tenm^ature oi 8(P (212^) 
bud under a pleasure not ^exceeding 28 inches 
13^ mercurial: bacomeler* As thb phenom* 
enoU haa not; bean generally observed, no bn* 
fubgs |uUi used a partiodarfteimiOr mqpjpowj 
burster ir thb state^vand the aaim tiring 


oeoura vdth dKfluide andaU which 

do not evaporate in the common temperature 
and trader lira usual pressure of our atmos* 
phenes , 

For simibr reasaus, names have not been 
given to the liquidor concrete states of mostof 
the aeriform fluids: these wrae not known to 
arise from the combination of caloric with cer- 
tain bases; and ns they had not been seen 
either in the liquid or solid states, their exist- 
ence, under these forms, was even unknown to 
natural philosophers. 

We have not pretended to make any altmra- 
tion upon such terms as are sanctified by an? 
cient custom and, therefore, continue to use 
the words wakr and ice in their common accep- 
tation. We likewise retain the word air to ex- 
press that collection of elastic fluids which com- 
poses our atmosphere ; but we have not thought 
it necessary to preserve the same respect for 
modem terms, adopted by latter philosophers, 
having conridered ourselves as at liberty to 
reject such as appeared liable to occasion er- 
roneous ideas of the substances they are meant 
to express, and either >to substitute new terms, 
or to employ the old ones after modifying them 
in such a manner as to convey more determi- 
nate ideas. New words have been drawn, chiefly 
from the Greek language, in such a manner as 
to make their etymology convey some idea of 
what was meant.to be represented; and &eae 
we have always endeavoured to make chort 
and of such a nature as to be changeable into 
adjectives and verbs. 

Following these {mnciples, we have, afteir 
M. Masquer’s exainple, retained the tenn ^ 
employed by van Helmont, having arranged 
the numerous classes of elastic aeriform fluids 
under that name, excepting only atmospheric 
air. Oos, therefore, in ^our nomCndature be- 
comes a generic term, expreering the fullest 
degree of saturation in any body with caloric; 
being, in fact, a term expressive of a mode of 
existence. To distingubb each species of gas, 
we ranploy a second term frmn the name of the 
base, which, saturated with caloric, forms eadh 
partbubrpa, ThUs, we irame water combined 
to saturation with orioric, so as to form an 
elastie fluid, 

the same manner^ the combination 

ai alcohoi with ^^orio becomes akahoUo ga$; 
and, Mowing the same, ptindpte% we Irave 
mmathnciigaet andsoon^ 

every.Bubstenee susceptible of being eombinnd 
wi^ celratei in tech a mamwas toamume tbe 
gaseouS'Or elastic, eerifmm^state^ * . 
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haire dready SMI tiukt the atmosph^ 
dr is conipoM of two gases, or aeriform fluids, 
one of which is capable, by respiration, of con- 
tributing to animal life, and in which metals 
lir^ caleinable and combustible bodies may 
bum; the other, on the contrary, is endowed 
with directly opposite qualities; it cannot be 
breathed by animals, neither will it admit of 
the combustion of inflammable bodies, nor of 
the calcination of metals. We have given to 
the base of the former, or respirable portion of 
the air, the name of oxygen^ from ofus, addunif 
and ytlvojxatf gignor; because, in reality, one 
of the niost general properties of this base is to 
form acids by combining with many different 
substances. The union of this base with caloric 
we term oxygen gets, which is the same with 
what was formerly called pure or vital air. The 
weight of this gas, at the temperature of 10® 
(54.50®), and under a pressure equal to 28 
inches of the barometer, is half a grain for each 
cubic inch, or an ounce and a half to each 
cubic foot. 

Tbe chemical properties of the noxious por- 
tion of atmospheric air being hitherto but little 
known, we have been satisfied to derive the 
name of its base from its known quality of kill- 
ing such animals as are forced to breathe it, 
giving it the name of osofe, from the Greek 
privative particle a and fioii, vita; hence the 
name of the noxious part of atmospheric air is 
azotic gas; the weiglit of which, in the same 
temperature and under the same pressure, is 
1 os. 2 gros^ and 48 grs. to the cubic foot, or 
0.4444 of a grain to the cubic inch. We cannot 
deny that this name appears somewhat ex- 
traordinary; but this must be the case with all 
new terms, winch cannot be expected to be- 
come familiar until they have b^n some time 
in use. We long endeavoured to find a more 
proper designation without success; it was at 
propos^ to call it aUealigen gas, as, from 
the experiments of M. Berthollet, it appears 
to enter into the composition of ammonia^ or 
Volatile alkali; but then, we have as yet no 
^roof of its making one of the constituent ele- 
kn^ts of the other alkalies; beside, it is proved 
to compose a part of the nitric acid, which 
jg^ves as good reason to have called it nitrogen. 
For these reasons, finding it necessary to reject 
any name upon systanatic principles, we Imve 
eonCidered that we run no risk of mistake in 
adopting the toms of azote and azotic gas, 
c^y express a matter of fact, or that 
liDperiiy which it possesses, depriving such 
Qroe equals Of Cn eonee.— ^ 


animals as breathe it of their lives. 

I should anticipate subjects more properly 
reserved for the subsequent chapters were I in 
this place to enter upon the nomenclature of 
the several species of gases: it is sufficient, in 
this part of the work, to establish the prin- 
ciples upon which their denominatimis are 
founded. The principal merit of the nomen- 
clature we have adopted is that, when once 
the simple elementary substance is distin- 
guished by an appropriate term, the names of 
all its compounds derive readily, ax^ neces- 
sarily, from this first denomination. 

CHAPTER V 

Of the Decomposition of Oxygen Gas hy.S\dphur, 
Phosphorus, and Charcoal, and of the zlormar 
lion of Adds in General 

In performing experiments, it is a necessary 
principle, which ought never to be deviated 
from, that they be simplified as much as pos- 
sible, and that every circumstance capable of 
rendering their results complicated be carefully 
removed. Wherefore, in the experiments which 
form the object of this chapter, we have never 
employed atmospheric air, which is not a isim- 
ple substance. It is true that the azotic gas, 
which forms a part of its mixture, appears to 
be merely passive during combustion and cal- 
cination; but, besides that it retards these 
operations very considerably, we are not cer- 
tain but it may even alter their results in some 
circumstances; for which reason I have thought 
it necessary to remove even this possible cause 
of doubt, by only making use of pure oxygen 
gas in the following experiments which show 
the effects produced by combustion in tiiat 
gas; and I shall advert to such differences as 
take place in the results of these, whmi the 
oxygen gas, or pure vital air, is mixed, in dif- 
ferent proportions, with azotic gas. 

Having filled a bell-^ass A (Plate iv, Fig. 5), 
of between five and six pints measure, wiili 
oxygen gas, I removed it from the water 
trough, where it was filled, into the quicksilver 
bath by means of a shallow glass dish slipped 
imdemeath, and having dri^ tiie mei!ciiry I 
introduced 61^ grains of Kunkel’s j^osphoms 
in two little chi^ cups, like that r^pres^ted 
at D {Fig. S), under the g^ass A; and that 1 
might set fire to each of the portions of phos^ 
phorus separatoy, and to prevent the one from 
catdhing fire from the other, one of the dishes 
was covered with a piece of flat i^ass; ( next 
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raised Ike qulcksilvear in bell**g}a^ up to 
EF, by subking out & sufficiehi portion of the 
gas by means of the siphon 6HL After this, 
by nm.n8 of the crooked iron wire {Fig. M), 
made red hot, I set fire to the two portions of 
phosphorus successively, first burning that 
portion which was not covered with the piece 
of glass. The combustion was extremely . rapid, 
attended with a very brilliant flame and con- 
siderable disengagement of light and heat. In 
consequence of the great heat induced, the gas 
was at first much dilated, but soon after the 
mercury returned to its level and a consider- 
able absorption of gas took place; at the same 
time, the whole inside of the glass became 
covered with white light flakes of concrete 
phosphoric acid. 

At the beginning of the experiment, the 
quantity of oxygen gas, reduced, as above di- 
rected, to a common standard, amounted to 
162 cubic inches; and, after the combustion 
was finished, only 23^ cubic inches, likewise 
reduced to the standard, remained; so that the 
quantity of oxygen gas absorbed during the 
combustion was 138^^ cubic inches, equal to 
69.375 grains. 

A part of the phosphorus remained uncon- 
sumed in the bottom of the cups, which being 
washed on purpose to separate the acid weighed 
about 16)4 grains; so that about 45 grains of 
phosphorus had been burned: but, as it is 
hardly possible to avoid an error of one or two 
grains, I leave the quantity so far qualified. 
Hence, as nearly 45 grains of phosphorus had, 
in this experiment, united with 69.375 grains 
of oxygen, and as no gravitating matter could 
have escaped through the glass, we have a 
right to conclude that the weight of the sub- 
stance resulting from the combustion in form 
of white flakes must equal that of the phos- 
phorus and oxygen employed, which amounts 
to 114.375 grains. And we shall presently find 
that these &tkes consisted entirely of a sdid or 
concrete acid. When we reduce these weights 
to hundredth parts, it will be found that 100 
parts of phosphorus require 154 parts of o^- 
gen for saturation and that this combination 
will produce 254 parts of concrete phosphoric 
acid, in form <rf ^te fleecy flakes. 

This experiment proves, in the most con* 
vinckig mann^, that, at a certain degree of 
tempemlure, oxygen possesses a stronger elec- 
tive attmotbn,; or affinity, for phosphonw than 
for catorie; that, in consequence of this, the 
phosphorus attracts the base of oxygen gas 
tiie caloric, whidi, being set^fiee, spreads 


itself over the suirounding bodies. But, thou^ 
this experiment 'be so far perfectly condutive, 
it is not sufficiently rigorous, as, in the appa- 
ratus described, it is impossible to ascertain 
the weight of the flakes of concrete acid which 
are formed; we can therefore only determine 
this by calculating the weights of oxygen and 
phosphorus employed; but as, in physics 
and in chemistry, it is not allowable to sup* 
pose what is capable of being ascertained ^ 
direct expeiMent, 1 thought it necessary to 
repeat this experiment as follows,, upon a 
larger scale and by means of a diflerent appa- 
ratus. 

1 took a large glass balloon A (Plate iv, Fig. 
4) with an opening three inches diameter, to 
which was fitted a crystal stopper ground with 
emery, and pierced with two holes for the 
tubes yyy, xxx. Before shutting the balloon 
with its stopper, 1 introduced the support BC, 
surmounted by the china cup D, containing 
150 grs. of phosphorus; the stopper was then 
fitted to the opening of the balloon, luted with 
fat lute, and covered with slips of linen spread 
with quicklime and white of eg^: when the 
lute was perfectly dry, the weight of the whole 
apparatus was determined to within a grain or 
a grain and a half. I next exhausted the balloon, 
by means of an air pump applied, to the tube 
xxxj and then introduced oxygen gas by m^ns 
of the tube yyy, having a stop-cock adapted to 
it. This kind of experiment is most readily and 
most exactly performed by means of the Hydiu^ 
pneumatic machine described by M. Meus^ 
nier and me in the Recueil de VAcadinm for 
1782, page 466, and explained in the latter 
part of this work, with several important addi- 
tions and corrections since made to it by M. 
Meusnier. With this instrument we can rei^ily 
ascertain, in the fnost exact manner, both tiw 
quantity of oxyg^ gas introduced into the 
balloon and the quantity consumed during the 
course of the experiment. 

When all things were properly disposed, I 
set fire to the phosphorus with a burning glaseu 
The combustion was extr^ndy rapid, accom*- 
panied with a bright flame and much heat; as 
the operation went on, large quantities of wMte 
flakes attached th^tnselveB to the mnei: surlMe 
of the balloon, so that at last it was rendered 
quite opaque. The quantity of these flateat 
lart begone so d>andant ^at altiioui^ iredbL 
oxygen gas was. continually supplied, whicth 
ou^t to have supported the combustion, yrt 
the phosphorus was soon extingaished. Having 
allowed tiie ^apparatus to eodl ooiOple^iitiyi t 
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empk)^, laasd wdgjied the bcilkm aecurat^, 
befojre it was open^. Inexi trashed, dried, imd 
waghed th^ small quantity of ’piiosi^rus te- 
fbaming in the eup, on potpose to detenmne 
the whole quantity of pho^horus consumed in 
the experiment; this residuum of the phoi^ 
phorus was of a yellow ochre oolour. It is evi- 
dent that by th^ several precautions I could 
eai^y determine, 1st, the weight of the phos- 
phorus consumed; 2nd, the wrig^t of the flakes 
produced by the combustion; and, 3rd, the 
wright of the oxygen which had combined with 
the phosphorus. This experiment gave veiy 
nearly the same results with the former, as it 
proved that the phosphorus, during its com- 
bustiozi, had absorbed a little more than one 
and a half its weight of oxygen; and I learned 
with more certainty that the weight of the new 
substance produced in the experiment exactly 
oqusUed the sum of the weights of the phos- 
{^oruB consumed and oxygen absorbed, which 
indeed was easily determinable a priori. If the 
oxygen gas employed be pure, the residuum 
after combustion is as pure as the gas em- 
ployed; lids proves that nothing escapes from 
tile phosphorus capable of altering the purity 
of the oxygen gas, and that the only action 
of the phosphorous is to separate the oxygen 
from .ti» caloric with which it was before 
onitedk 

I mentbned above, that when any combus- 
tible body is burnt in a hollow sphere of ice, or 
in m apparatus properly constructed upon 
that principle, the quantity of ice melted dur- 
ing the combustion is an exact measure of the 
quantity of caloric disengaged. Upon this head, 
^ Himovre given by M. de Laplace and me, 
1780, pi 355, may be consulted. Having sub- 
mStt^ tile oombusticm of phosphc»i» to this 
trial, we found that one pound of phosphorus 


white, flaky niattor; and its pipp«sties>4re 
entirely altered traiisfonnf^nf lf|^ 

bring mSDluUe in wivter, it becomes not only 
soluble, but so groedy of rnoistime bs toiattraot 
the humidity .of the air with astonishiing ralpid* 
Hy; by tins meansit is converted into ailiquid 
considerably more dense and of more cptri&e 
Cavity than water. . In the state of pbfish 
phorus before cdmbustibn,. it had scarcely any 
sensible taste; by its union with oxygen* 
acquires an extremely sharp and sour taste: 
iaa word, from one of the class of combustible 
bodies it is changed into an inoombustibte 
substance and becomes one of those bodies 
called acids. > 

This prepay of a combustible subslknce to 
be converted into an acid, by the addition of 
oxygen, we shall presently find belonm to a 
great nimiber of bodies: wherefore, strw logic 
requires that we riiould adopt a common term 
for indicating all these opemtions which pro- 
duce analogous results; this is the true way>to 
simplify the study of science, as it would be 
quite impossible te bear all its specific details 
in the memory if they were not classically ar- 
ranged. For this reason, we shall diabinguish 
this conversion of phosphorus into an arid by 
its union with oxygen, and in general every 
combination of oxygen with a combustible 
substance, by the term of oxygenatim: iiom 
which 1 shall adopt the verb to oxygenaio, and 
of consequence shah say, that in oxygenating 
pboBphoruB we convert it into an acid. 

Sulphur is likewise a combustible body or, in 
other words, it is a> body which possesses the 
power of decomposing oxygen gas by attract- 
ing the D3^gen from the caloric with which it 
was combmed. This can very easily be proyed 
by means of experiments quite similar to those 
we have given with phosphonm; but it is Uecee- 
sajiy to premise that in these operations with 


mrited a little more than 100 pounds of ice 
during its combustion. ' 

1 The isombustioa phosphorufi succeeds 
eqpihUy weU in atmosph^p air as in oxygmi 
gfts, with this diSermice, that the combustioU 
is i^wer, being reterded by the large 
pmporiion of azotic gas mixed with tiie oxy- 
gen gas,, mrd timt oriy about one-fifth part of 
tibe^ak emiikyed is absmbed, because as the 
CMQiggnigaa oUly te absorbed the proportion of 
flhe< azotic beopmeasoi great toward the 
riose of eJ^runentiiussto put an c^d to the 
eombustion. ;,{• 

, alKvs abeiMiy dtoim that -.]^oai^Qru8 it 


ni]|>hur the eameaceura^ of nsixit is OOt to be 
expeoted m with phosphorus; because the iMdd 
is fonned by the combustion of sulphar 
is diffioiltly condenable^ sad beasuselnii^ar 
bunas wiUi more dfSpidty, and is sotuhleia 
the different gsses. '1^1: caa. safely aiaeiS; 
freni my owaa-^eo^viB^tB; that sidi&uiiiia 
burning ab80it»oigrgetsgf»tthat‘tiieresaBang 
.acid is eonsidembly'bsimerthso >the su^ur 
' burnt;, that its we^lit is egusl ti».ti>e,fuaa ot 
the ' the sii]|d)SK wMi^ hse .beeh 
burnt axid of the <iSygme;fcBari)ed;!aDd; 
that tbSs add is weiihty, mco(nba8tyale,>aaid 
mncible withwatesinaU peopottioas:tiieiod: 
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regaixi i 6 the ptbporiioniii of sulphur mA of 
entermtothe oomp^ioie of the 
acW.; • , . ' 

Charcoal, which, from all oitr piesent knowl- 
edge sefgswding it, must be cooeidered as a sim- 
ple eonl^bastible body^ hns hkewise ttie prop- 
er^ of decomposing oxygen gas by absorbing 
its base from liie caloric: but the add resulting 
frohiL this combustion does not condemse in tim 
common temperature; under the pressure of 
our atmosph^e^ it remains in t^ state of 
gas, and rec^uires a large proportion of water 
to Combine with or be dissolved in. This 
acid has, however, all the known properties 
of other acids, though in a weaker degree, 
and combined, like them, with all the bases 
which are susceptible of forming neutral 
salts. 

The combustion of charcoal in oxygen gas 
may be effected like that of phosphorus in the 
bell-glass A (Plate iv, Fig. S) placed over mer- 
cury: but, as the heat of red hot iron is not suf- 
ficient to set fire to the charcoal, we must add 
a small morsel of tinder with a minute particle 
of phosphorus, in the same manner as directed 
in the experiment for the combustion of iron. 
A detailed account of this experiment will be 
found in the Recueil de VAmdtmie for 1781, p. 
448. By that experiment it appears that 28 
parts by weight (ff charcoal require. 72 parts of 
oxygen for saturation and that the aeriform 
acid produced is precisely equal in weight to 
the sum of the weights of the charcoal and 
oxygen gas employed. This aeriform add was 
oafied fixed or fixable air by the chemists who 
first discovered it; they did not then know 
whether it was air resembling that of the at- 
mosphere or some other elastic fluid, vitiated 
and corrupted >by combustion; but since it is 
now asebilnined to be an acid, formed like all 
others by the oxygenation of its peculiar 
it is obvious that the name of fixed air is qinte 
ineliipble. 

.By burning c^rcoal in the apparatus ntoi- 
lioned, p. 24, M. de Laplaoe and 1 found that 
one fb* of charooal melttd 06 Ibe. 6 os. of ice; 
thaty during the combustion, 2: ibe* 9 os. 1 grbe 
10 gre. of ofcygen^werO absorbed, andthat 3 
9m>l,gi?oe lOpra.of add gasw^ fomied.'Ibis 
gas weij^ 0.605 parts of a grain for each cubic 
m the <»M3nnon stands^* and 

prejseurO mekijiiiociedabojve,ao that 34^242 cubic 
tndhp of add gas are pr^utsed by the cdiOh* 
busdonof'One pQsmd : 

^ I mi^t multiply theseexperimentsandrihoW 
by a numerous succession of facts that aU acids 


are fonned by the 

stances; but I am prevented from doing ;so in 
this place by the plan which I have laidrdown. 
of proceeding only jErom facts already aeoeiv 
tained to such as are unknown and of xlraWinig 
my examples only from circumstances already 
exphdndi. In the mean time, howevier^ 
three examples above <cited may .suffice for 
giving a clear and accurate* conception of the 
manner in which adds are formed. By these it 
may be clearly ihen that oxygen is an element 
common to them all wMeh constitutes thdr 
addity, and that they differ frcxm each othtsr 
according to the nature of the oxygenated or 
acidified substance. We must therefore, in 
every acid, carefully distinguish between the 
acidifiable base, whi^ch M. de Morveau calls 
the radical^ and the acidifying prindple or 
oxygen. 

CHAPTER VI 

Of the Nimendatyre of Adds in Oenerol, and 

Particidarly of Those Drawn from Niire and 

SeorSaU 

It becomes extremely easy, from the principles 
laid down in the prec^mg chapter, to establish 
a i^tonatic nomenclature for the acids: the 
word acid bdng used as a g^eric term, each 
acid falls to be distmguished in language, .as 
in nature, by the name of its base or radical 
Thus, we give the generic name of adds t6 the 
products of the combustion or oxygenation of 
phosphorus, of sulphur, and of charcoal;! and 
these products are respectively named tho 
phosphoric acid, the mdphuric add, and the 
carbonic add. > 

There is, however, a remarkable circum- 
stance in the oxygmation of combustible 
bodies, and of a part of 'such* bodies as are dq^- 
vertible into adds, that they are stisceptible of 
different degrees of saturation with oxygen, 
ahd that the resulting.adds, though formed by 
the union of tbe same elements, are possessed 
of diffecent prop^ies, depending upon, that 
differ^ee of ^proportion. Of this, the phosr 
phoric add,' and mom especially the sulphim^ 
furnishes us with examples^ When sulphur iis 
combined with a email proportion of asygen, 
it forms, in this firOt or lower demise oxy» 
genation, a volatile add> having a pwtrafing 
ckloun and possessed of very partieehur qualf 
itieeu By a larger proportion of oxygen, it is 
chaitgedinto a heavy addi witho^ 
odour^ and whidi, by combiAattoii s^hotbbr 
bodies, gives products quite different from 
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tiboseliiniiBhedby thefonn In this instance, 
tbe prindples of our nomenclature seem to 
&il; and it seems difficult to derive such terms 
from the name of the acidifiable base as shall 
ffistinetly express these two degrees of satura- 
tion, or oxygenation, without circumlocution. 
By reSection, however, upon the subject, or 
perhaps rather from the necessity of the case, 
we have thought it allowable to express these 
varieties in the oxygenation of the acids by 
simply varying the termination of their spe- 
cific names. The volatile acid produced from 
aulphur was anciently known to Stahl under 
the name of svlphurous acid. We have pre- 
served that term for this acid from sulphur 
under-saturated with oxygen; and distinguish 
the other, or completely saturated or oxygen- 
ated acid, by the name of sulphuric acid. We 
shall therefore say, in this new chemical lan- 
guage, that sulphur, in combining with oxygen, 
is susceptible of two degrees of saturation; that 
the first or lesser degree constitutes sulphurous 
acid, which is volatile and penetrating; whilst 
the second or higher degree of saturation pro- 
duces sulphuric acid, which is fixed and inodor- 
ous. We shall adopt this difference of termina- 
tion for all the acids which assume several 
degrees of saturation. Hence we have a phos- 
phorous and a phosphoric acid, an acetous and 
an acetic acid; and so on, for others in similar 
Circumstances. 

This part of chemical science would have 
been extremely simple, and the nomenclature 
of the acids would not have been at all per- 
plexed as it is now in the old nomenclature, if 
the base or radical of each acid had been known 
when the acid itself was discovered. Thus, for 
instance, phosphorus being a known substance 
before the discovery of its acid, this latter was 
rightly distinguished by a term drawn from 
the name of its acidifiable base. But when, on 
the contrary, an acid happened to be discov- 
ered before its base, or rather when the acidi- 
fiable base from which it was formed remained 
unknown, names were adopted for the two, 
which have not the smallest connection; and 
thus/ not only the memory became burdened 
frith useless appellations, but even the minds 
of students, nay even of experienced chemists, 
became ffil^ with false ideas, which time and 
r^eotion alone are capable of eradicating. We 
may ^ve an instance of this confusion with 
reepect to the acid suljAur: the former chem* 
having procured this add from the vitriol 
el itpu gave it the name, of the vitriolic add 


from the name of the sul»tanoe which pro- 
duced it; and they were then ignorant that the 
acid procured from sulphur by combustion was 
exactly the same. 

The same thing happwied with the aeriform 
acid formerly called fixed dir; it not being 
known that this acid was the result of combin- 
ing charcoal with oxygen, a variety of denom- 
inations have been given to it, not one of which 
conveys just ideas of its nature or ori^n. We 
have found it extremely easy to correct and 
modify the ancient language with respect to 
these acids proceeding from known bases, hav- 
ing converted the name of vitriolic acid into 
that of siflpfiuriCf and the name of fixed air 
into that of carbonic add; but it is im| 
to follow this plan with the acids who 
are still unknown; with these we havk 
obliged to use a contrary plan and, inst 
forming the name of the add from that\of its 
biise, have been forced to denominate thl^ un- 
known base from the name of the known acid, 
as happens in the case of the acid which is pro- 
cured from sea-salt. 

To disengage this acid from the alkaline 
base with which it is combined, we have only 
to pour sulphuric acid upon sea-salt; imme- 
diately a brisk effervescence takes place, wMte 
vapours arise, of a very penetrating odbur, 
and, by only gently heating the mixture, all 
the acid is driven off. As in the common tem- 
perature and pressure of our atmosphere this 
acid is naturally in the state of gas, we must 
use particular precautions for retaining it in 
proper vessels. For small experiments, the 
most simple and most commodious apparatus 
consists of a small retort G (Plate v, Fig. 5), 
into which the sea-salt is introduced, well 
dried; we then pour on some concentrated sul- 
phuric acid, and immediately introduce the 
beak of the retort under little iars- or beU- 
glasses A (same Plate and Fig.)^ previously 
filled with quicksilver. In proportion as the 
acid gas is disengaged, it passes into the jar 
and gets to the topx>f the quicksilver, which it 
displaces. When the disengagement of the gas 
slackens, a gentle heat is applied to the retort 
and gradually increased till nothing more 
passes over. This acid ps has a very strong 
affinity with water, which absorbs an enor- 
mous quantity of it, as is proved by introduce 
ing a very thin layer of water into the glass 
wffich contains the gas; for, in an instant, the 
whole acid gas disappears and combines with 
the water. ^ ; 
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This latter circumstance is taken advimtage 
of in laboratories and manufactures on purpose 
to obtain the acid of searsalt in a liquid form; 
and for this purpose the apparatus (Plate iv, 
Fig^ i) is employed. It consists, 1st, of a tabu- 
lated retort A, into which the searsalt, and after 
it the sulphuric acid , are introduced through the 
opening H; 2nd, of the balloon or recipient c, &, 
intend^ for containing the small quantity of 
liquid which passes over during the process; 
and, 3rd, of a set of bottles, with two mouths, 

L, L,L,L, half filled with water, intended for 
absorbing the gas disengaged by the distilla- 
tion. This apparatus will be more amply de- 
scribed in the latter part of this work. 

Although we have not yet been able, either 
to compose or to decompound this acid of sea- 
salt, we cannot have the smallest doubt that it, 
like all other acids, is composed .by the union 
of oxygen with an acidifiable base. We have 
therefore called this unknown substance the 
muriatic bassj or muriatic radical^ deriving this 
name, after the example of M. Bergman and 

M. de Morveau, from the Latin word muria, 
which was anciently used to signify sea-salt. 
Thus, without being able exactly to determine 
the component parts of muriatic acidt we de- 
sign by that term a volatile acid, which retains 
the form of gas in the common temperature 
and pressure of our atmosphere, which com- 
bines with great facility, and in great quantity, 
with water, and whose acidifiable base adheres 
so very intimately with oxygen that no method 
has hitherto been devised for separating them. 
If ever this acidifiable base of the muriatic 
acid is discovered to be a known substance, 
tliough now unknown in that capacity, it 
will be requisite to change its present denom- 
ination for one analogous with that of its 
base. 

In common with sulphuric acid, and several 
other acids, the muriatic is capable of different 
degrees of oxygenation; but the excess of oxy- 
gen produces quite contrary effects upon it 
from what the same circumstance produces 
upon the acid of sulphur. The lower degree of 
oxygenation converts sulphur into a volatile 
gaseous acid, which only mixes in small pro- 
portions with water, whilst a higher oxygena- 
tion forms an acid possessing much stronger 
acid properties, which is very fixed and cannot 
remain in the state of gas but in a very high 
temperature, which has no smell, and which 
mixes in large proportion with water. With 
muriatic acid, tiie direct reverse takes place; 
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an additional saturation with oxygen rm^ders 
it more volatile, of a more penetrating odour, 
less miscible with water, and diminishes its 
acid properties. We were at first inclined to 
have denominated these two degrees of satursr 
tion in the same manner as we had done with 
the acid of sulphur, calling the less oxygen*' 
ated muricAouc add, and that which is more 
saturated with oxygen muriatic add: but, as 
this latter gives very particular results in 
its combinations, and as nothing analo- 
gous to it is yet known in chemistry, we have 
left the name of muriatic acid to the less 
saturated and given the latter the more com- 
pounded appellation of oxygenated muriatic 
add. 

Although the base or radical of the acid 
which is extracted from nitre or saltpetre be 
better known, we have judged proper only to 
modify its name in the same manner with that 
of the muriatic acid. It is drawn from nitre by 
the intervention of sulphuric acid, by a process 
similar to that described for extracting the 
muriatic acid, and by means of the same ap- 
paratus (Plate IV, Fig, I). In proportion as the 
acid passes over, it is in part condensed in 
the balloon or recipient and the rest is ab- 
sorbed by the water contained in the bottles 
L, L, L, L; the water becomes first green, then 
blue, and at last yellow, in proportion to the 
concentration of the acid. During this opera- 
tion, a large quantity of oxygen gas, mixed 
witli a small proportion of azotic gas, is dis- 
engaged. 

This acid, like all others, is composed of oxy- 
gen, united to an acidifiable base, and is even 
the first acid in which the existence of oxygen 
was well ascertained. Its two constituent ele- 
ments are but weakly united and are easily 
separated by presenting any substance with 
which oxygen has a stronger affinity than with 
the acidifiable base peculiar to this acid. By 
some experiments of this kind, it was first di^ 
covered that azote, or the base of mephitis or 
azotic gas, constituted its acidifiable base or 
radical, and consequently that the acid of nitre 
was really an azotic acid, having azote for its 
base, combined with oxygen. For these rear 
sons, that we might be consistent with our 
principles, it appeared necessary either to oaE 
the acid by the name of azotic or to name the 
base nitric radical; but from eith^ of these we 
were dissuaded by the followingeousiderations* 
In the first place, it seemed difficult to eha^ 
the name of nitre or saltpetre, wMcb has hw 





adopted in society, in manufae- 
tttresi and in chemistry; and, on the other 
hand, asote iiaving b^a by M. 

Berthdlet to be the base of volatile alkali, or 
aimnonia, as well as of this acid, we thought it 
improper to call it nitric radical. We have 
therefore continued the teim of azote to the 
base of that part of atmospheric air which is 
likewise the nitric and ammoniacai radical; 
and we have named the acid of nitre, in its 
lower and higher degrees of oxygenation, nir 
trious md in the fonner and niiric add in the 
latter state; thus preserving its former appella^ 
tion properly modified. 

Several very respectable chemists have dis* 
approved of this deference for the old terms 
and wished us to have persevered in perfecting 
a new chemical language, without pa3dng any 
res})ect for ancient usage; so that, by thus 
steering a kind of middle course, we have ex-* 
posed ourselves to the censures of one sect of 
chemists, and to the expostulations of the op* 
posite party. 

The acid of nitre is susceptible of assuming a 
great number of separate states, depending up- 
on its degree of oxygenation or upon the pro- 
portions in which azote and oxygen enter into 
its composition. By a first or lowest degree of 
oxygenation it forms a particular species of 
gas, which we shall continue to name nitrom 
gas; this is composed nearly of two parts, by 
Weight, of oxygen combined with one part of 
azote; and in this state it is not miscible with 
water. In this gas, the azote is by no means 
saturated with oxygen, but, on the contrary, 
has still a very great affinity for that element 
and even attracts it from atmospheric air, im- 
mediately upon getting into contact with it. 
This combination of nitrous gas with atmos- 
pheric air has even become one of the methods 
for determining the quantity of oxygen cen- 
tred in air and consequently for ascertaining 
its degree of salubrity. 

addition of oxygen converts the nitrous 
gas into a powerful acid, which has a strong 
affinity "with water and which is itself suscep- 
tible of various additional degrees of oxygena- 
tion. When the proportions of oxygen and 
azote is below three parts, by weight, of the 
former to one of the latter, the acid is red col- 
CRkHred and emits copious fumes. In this state, 
by tiie application of a gentle heat, it gives out 
idimm and we term it, in this degree of 
ezy^ation, nitrous acid. When four parts, by 
exygen m comlnned witit one part 


crf.azDte, the acid is dear and edouriete) nibre 
fixed in the fire than the nitrous add, has teas 
odour, and its constitutmt dements are more 
finnly united. This spedes of acid, in confomir 
ity with our principles of nomenclature, is 
called mtric acid. 

Thus, nitric acid is the add of nitre, sum 
charged with oxygen; nitrous acid is tiie add 
of nitre surcharged with azote or, what is the 
same thing, with nitrous gas; and this ktter is 
azote not sufficiently saturated with oxygen to 
possess the properties of an acid. To this, de^ 
gree of oxygenation, we have afterwards, m 
^e course of this work, given the generical 
name of 

CHAPTER VII \ 

Of live Decomposition of Oa^gen Gas by Mians of 

Metals and the Formation of Metallic Opdes 

Oxygen has a stronger affinity with metals 
heated to a certain degree than with caloric; 
in consequence of which, all metallic bodies, 
excepting gold, silver, and platinum, have the 
property of decomposing oxygen gas, by atr 
tracting its base from the caloric with which it 
was combined. We have already shown in what 
manner this decomposition takes place, > by 
means of mercury and iron; having observed, 
that, in the case of the first, it must be consid^ 
ered as a kind of gradual combustion, whilst, 
in the latter, the combustion is extremely 
rapid and attended with a brilliant flame. The 
use of the heat employed in these operations 
is to separate the particles of the rmtsl from 
each other and to diminish their attwwjtion 
of cohesion or aggregation or, which is the 
same thing, their mutual attraction for each 
other. 

The absolute wei^t of metallic substances 
is augmented in proportion to the quantity of 
oxygen they absorb; they, at the same time; 
lose their metallic splendour, and are reduced 
into an earthy pulvsiulent matter. In this stats 
metals must not be oontidered as entirely sat- 
urated with oxygen^ because their action upon 
this el^nent is counterbalanced by tihe power 
of affinity between it and otioric. During tbz 
calcination oi n^ls the oxygen k, therefor^ 
acted upon by two separate and opposite pow- 
ers, that of its attiactic^ fOr ealorio and that 
exerted by the metal, and only tends to unHb 
with the latter in conseqimoe d^the excess of 
the latter over the former, whitii Is, hi general; 
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TCny inconridcbbble. Wherefore, when inetallie 
substancee are oieygenated Ih Btmoepheric tit 
or in oxygen g^, t|iey are not {converted into 
acids like sulpWr, phosphorus, and charcoal, 
but are only changed into intehnediate sub- 
stances, which; though apiMxmching to the 
nature of salts, have not acquired all the saline 
properties. The old chemists have affixed the 
na^e of calx hot only to metals in this state 
but to every body which has been long exposed 
to the action of fire without being melted. 
They have converted this word caH into a 
generical term, under which they confound 
calcareous earth, which, from a neutral salt, 
which it really was before calcination, has been 
changed by fire into an earthy alkali, by losing 
half of its weight, with metals which, by the 
same means, have joined themselves to a new 
substance, whose quantity often exceeds half 
their weight, and by which thfey have been 
changed almost into the nature of acids. Tins 
mode of classifying substances of so very op- 
posite natures under the same generic name 
would have been quite contrary to our prin- 
ciples of nomenclature, especially as, by re- 
taining the above term for this state of metal- 
lic substances, we must have conveyed very 
false ideas of its nature. We have, therefore, 
laid aside the expression metaUic calx alto- 
gether and have substituted in its place the 
term oode, from the Greek word ofps. 

By this may be seen that the language we 
have adopted is both copious and expressive. 
The first, or lowest, degree of oxygenation in 
bodies converts them into oxides; a second de- 
gree of additional oxygenation constitutes the 
class of acids, of which the specific names, 
drawn from their particular bam, terminate 
in am, as the nitrous and sulphurous acids; the 
third degree of oX 3 rgenation changes these into 
the species of adds distinguished by the term^ 
ination in ie, as the nitric and sulphuric acids; 
and, lastly, we can express a fourth, or highest 
of oxygenation, by adding the word 
oxygenated to the name of aoi d , as has been 

already done with the oxygenated muriatic 
acid* 

We have not ccmfined the term oxide to ex- 
prMng the cominnations ctf metals wilht oxy** 
gem, but have extended it to sigmfy that fi^ 
degree' df oxygenation in all bodies, whidi, 
without converting them into acids, causes 
to approach to the nature of Salts. Thus, 
at oxide of sulphur to that 
soft substance into which sulphur is eonvertckl 
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by Incipient ccmboslion; and we eaU the 
1^ matto left by phosfhotns, alter combos^ 
tion; by the name of oxide of phosphorus. In 
the same manner, nitrous gas, whi^ is asote 
in its first degree of oxygenation, is the oxide of 
azote. We have likewise oxides in great num- • 
bers from the vegetable and animal kingdoms; 
and I shall show, in the sequel, that new 
language throws great light upon all the oper- 
ations of art and nature. 

We have already observed tiiat almost all 
the metallic oxides have peculiar and penna^ 
nent colours. These vary not only in the diffen- 
^t species of metals, but even according to 
the various degrees of oxygenation in the same 
metal. Hence we are under the necessity of 
adding two epithets to each oxide, one of wffidi 
indicates the metal ozidatedf while the other 
indicates the peculiar colour of the oxide. Thus, 
we have the black oxide of iron, the red oiade 
of iron, and the yellow oxide of iron; which 
expressions respectively answer to the old 
unmeaning terms of martial ethiops, coleo- 
thar, and rust of iron, or ochre. We have like- 
wise the gray, yellow, and red oxides of lead, 
which answer to the equally false or insig- 
nificant terms, ashes of lead, massicot, and 
minium. 

These denominations sometimes become ra- 
ther long, especially when we mean to indicate 
whether the metal has been oxidated in the 
air, by detonation with nitre, or by means of 
acids; but then they always convey just and 
accurate ideas of the corresponding obj^i^ 
which we wish to express by their use. All this 
will be rendered perfectly clear and distinct by 
means of the tables which are added tb thb 
work. 

. CHAPTER Vin 

Of the Radical Principle of Water and ofitsDo^ 

composition hy Charcod and Iron 

Uimt very lately, water has always been' 
thought a ample substance, inscsnudi that tiie 
older ch^niste considered it as an element; 
Suchit undoubtedly was to them, as th^ were 
unable to decompose it; or, at since tib 
decomposition which took place d^^ before 
their eyes was aotir^y unnoticed. But ww 
mean to prove that water is by no mesns a 
shnpie or elementary subetance. I ciiyi not 
here pretend to $pve the history of tys leoeiEt 
and hitherto contested disoev^, which is de^' 
tailed in the Recueil de PAcadtdie t0 17$1, b# 
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only biing forwards the principal proofs 
of the decomposition and composition of wa- 
ter; and I may venture to say that these will be 
ocmvindngtosuch as consider them impartially. 

First Experiment 

Having fixed the glass tube EF (Plate vii, 
Fig, 11) of from 8 to 12 lines diameter across a 
furnace, with a small inclination from E to F, 
lute the superior extremity E to the glass re- 
tort A, containing a determinate quantity of 
distill^ water, and to the inferior extremity F 
the worm SS fixed into the neck of the doubly 
tubulated bottle H, which has the bent tube 
KK adapted to one of its openings, in such a 
manner as to convey such aeriform fluids or 
gases as may be disengaged, during the exper- 
iment, into a proper apparatus for determining 
their quantity and nature. 

To render the success of tliis experiment cer- 
tain, it is necessary that the tube EF be made 
of well annealed and difficultly fusible glass, 
and that it be coated with a lute composed of 
clay mixed with powdered stone-ware; besides 
which, it must be supported about its middle 
by means of an iron bar passed through the 
furnace, lest it should soften and bend during 
the experiment. A tube of chinaware, or por- 
celain, would answer better than one of glass 
for this experiment, were it not difficult to pro- 
cure one so entirely free from pores as to pre- 
vent the passage of air or pf vapours. 

When things are thus arranged, a fire is 
lighted in the furnace EFCD, which is sup- 
ported of such a strength as to keep the tube 
EF red hot but not to make it melt; and, at 
the same rime, such a fire is kept up in the fur- 
nace WXX as to keep the water in the retort 
A continually boiling. 

In proportion as the water in the retort A is 
ev^^porated it fills the tube EF, and drives out 
the air it contained by the tube KK; the aque- 
ous gas formed by evaporation is condensed by 
coolihg in the worm SS and falls, drop by drop, 
into the tubulated bottle H. Having continued 
this operation until all the water be evaporated 
from the retort, and having carefully emptied 
all the vessdb employed, we find that a quan- 
tity of w0fter has over into the bottle H 
exactly equal to what was before contained in 
the retort A, without any disengagement of 
gas whatsoever: so that this experiment turns 
to be a simple distillation, and the result 
would have been exacriy the same, if the water 
had boen run from one vessel into the other, 


throng the tube EF, without having under- 
gone the intermediate incandescence. 

Second Experiment 

The apparatus being disposed, as in the for-* 
mer experiment, 28 grs, of charcoal, broken into 
moderately sm^l parts and which have pre- 
viously been exposed for a long time to a red 
heat in close vessels, are introduced into the 
tube EF. Everything else is managed as in the 
preceding experiment. 

The water contained in the retort A is dis- 
tilled, as in the former experiment, and, being 
condensed in the worm, falls into the bottle H; 
but, at the same time, a considerable quantity 
of gas is disengaged, which, escaping jby the 
tube KK, is received in a convenient apparatus 
for that purpose. After the operation us fin- 
ished, we find nothing but a few atoms ofiashes 
remaining in the tube EF, the 28 grs. oflchar- 
coal having entirely disappeared. \ 

When the disengaged gases are carefully ex- 
amined, they are found to weigh 113.7 grs.;^ 
these are of two kinds, viz., 144 cubic inches of 
carbonic acid gas weighing 100 grs, and 380 
cubic inches of a very light gas weighing only 
13.7 grs.y which takes fire when in contact with 
air, by the approach of a lighted body; and, 
when the water which has passed over into , the 
bottle H is carefully examined, it is found to 
have lost 86.7 grs, of its weight. Thus, in this 
experiment, 85.7 grs, of water, joined to 28 grs, 
of charcoal, have combined in such a way as to 
form 100 grs, of carbonic acid, and 13.7 grs, of 
a particular gas capable of being burnt. 

I have already shown, that 100 grs, of car- 
bonic acid gas consists of 72 grs, of oxygen 
combined with 28 grs, of charcoal; hence the 28 
grs. of charcoal placed in the glass tube have 
acquired 72 grs. of oxygen from the water; and 
it follows that 85.7 grs, of water are composed 
of 72 grs. of oxygen combined with 13.7 grs, of a 
gas susceptible of combustion. We shall see pres- 
ently that this gas cannot possibly have been 
disengaged from the charcoal and must, con- 
sequently, have been produced from the water. 

I have suppressed some circumstances in the 
above account of this experiment, which would 
only have complicated and obscured its results 
in the minds of the reader. For instance, the 
inflamm able gas dissolves a very small part of 

f , , 

i In the Utter part of this work will be ipupd a 
particular account of the prooesees neoessa^ 
separating the different kinds of gases, and for aSsteiv 
mining their quantities.— Atrisoa. > - 
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the chiircoal, by which means its weight is mnst find an appropriate tenn. None that we 


somewhat augmented and that of the carbonic 
gas proportionally diminished. Altho’ the al- 
teration produced by this circumstance is very 
inconsiderable, yet I have thought it necessary 
to determine effects by rigid calculation, 
and to report, as above, the results of the ex-* 
periment in its simplified state, as if this cir- 
cumstance had not happened. At any rate, 
should any doubts remain respecting the con- 
sequences I have drawn frotn this experiment, 
they will be fully dissipated by the following 
experiments, which I am going to adduce in 
support of my opinion. 

Third Experiment 

The apparatus being disposed exactly as in 
the former experiment, with this difference, 
that instead of the 28 gra, of .charcoal the tube 
EF is filled with 274 gra. of soft iron in thin 
plates, rolled up spirally. The tube is made red 
hot by means of its furnace, and the water in 
the retort A is kept constantly boiling till it be 
all evaporated, and has passed through the 
tube EF so as io be condensed in the bottle H. 

No carbonic acid gas is disengaged in this 
experiment, instead of which we obtain 416 
cubic inches, or 15 gra. of inflammable gas, 
tliirteen times lighter than atmospheric air. By 
examining the water which has been distilled, 
it is found to have lost 100 gra. and the 274 gra. 
of iron confined in the tube are found to have 
acquired 85 gra. additional weight and its mag- 
nitude is considerably augmented. The iron is 
now hardly at all attractable by the magnet; 
it dissolves in acids without effervescence; and} 
in short, it is converted into a black oxide, pre- 
cisely similar to that which has been burnt in 
oxygen gas. 

In this experiment we have a true oxidation 
of iron, by means of water, exactly similar to 
that produced in air by the assistance of heat. 
One hundred grains of water having been de- 
composed, 85 gra. of oxygen have combined 
with the iron, so as to convert it into the state 
of black oxide, and 15 gra. of a peculiar inflam- 
mable gas are disenga^ : from all this it clear- 
ly follows that water is composed of oxygoi 
combined with the base of an inflammable gas, 
in the respective proportions of 85 parts, by 
weic^t of the fonner, to 15 parts of the latter. 

1%U8 water, besides the oxygen which is one 
of its elements in common with many other 
substances, contains another dem^t as its 
constituent base or radical and for which we 


could think of seemed better adapted than the 
word hydrogen, which signifies the generative 
principle of water, from vBop aqua, and yuvo* 
pat gignor.^ We call the combination of this 
element with caloric hydrogen gai; and the 
term hydrogen expresses the base of that gas, 
or the radical of water. 

This experiment furnishes us with a new 
combustible body, or, in other words, a body 
which has so much affinity with oxygen as to 
draw it from its connection with caloric and to 
decompose air or oxygen gas. This combustible 
body has itself so great affinity with caloric 
that, unless when engaged in a combination 
with some other body, it always subsists in the 
aeriform or gaseous state, in the usual temper- 
ature and pressure of our atmosphere. In this 
state of gas it is about Hs of the weight of an 
equal bulk of atmospheric air; it is not ab- 
sorbed by water, though it is capable of hold^ 
ing a small quantity of that fluid in solution, 
and it is incapable of being used for respiration. 

As the property this gas possesses, in com- 
mon with all other combustible bodies, is no- 
thing more than the power of decomposing air 
and carrying off its oxygen from the caloric 
with which it was combined, it is easily under* 
stood that it cannot bum unless in contact 
with air or oxygen gas. Hence, when we set fire 
to a bottle full of this gas, it bums gently, first 
at the neck of the bottle, and then in the inside 
of it, in proportion as the external air gets in. 
This combustion is slow and successive and only 
takes place at the surface of contact between 
the two gases. It is quite different when the 
two gases are mixed before they are set on fire: 
if, for instance, after having introduced one 
part of oxygen gas into a narrow moutiied bot- 
tle, we fill it up with two parts of hydrogen gas 
and bring a lighted taper or other burning 
body to &e mouth of the bottle, the combus- 
tionof the two gases takes place instantaneously 
with a violent explosion. This experim^it 
ought only to be made in a bottle of very strong 
green ^ass, holding not more than a pint, and 
wrapp^ round with twine, otherwise the oper* 
ator will be exposed to great danger from the 

1 This expression hydrogen has been very severely 
criticised by some, who pretend that it signifies en- 
gendered ay water and not that whi<h engenders 
water. The experiments related in this chapter prove 
that When water is decomposed hydrog^ is p^ 
duced, and that when hydrogen is confined with 
oxygen water is produced : so that we may say, with 
equal truth, that water is produced fxem hydn^n, 
or hydrogen is produced from water.— rAursoa. 
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mptore 61^ bottle of ivbkii the fragomte 
tviit be itown about with great force. 

H aU that haa been related above, eDiioen]^ 
iuf ' the decomposition of water, be exactly con- 
formable to truth;— if, as 1 have endeavoured 
to prove, that substance be really composed of 
hydrogen, as its proper constituent dement, 
combined with oxygen, it ought to follow that, 
by reuniting these two elements together, we 
should recompose water; and that this actually 
lutppens may be judged of by the following 
experiment. 

F&urOt Experiment 

I took a large crystal balloon A (Plate rv, Fig. 
5) holding about 30 pints, having a large open- 
ing, to which was cement^ the plate of copper 
BC pierced with four holes in wMch four tubes 
terminate. The first tube, is intended to 
be adapted to an air pump, by which the balloon 
is to be exhausted of its air. The second ture 
gg, communicates, by its extremity MM, with 
a reservoir of oxygen gas, with which the bal- 
loon is to be filled. Tim third tube dDd' com- 
municates, by its extremity dNN, with a res- 
ervoir of hydrogen gas. The extremity d! of 
this tube terminates in a capillary opening, 
through which the hydrogen gas contained in 
the reservoir is forced, with a moderate degree 
of quickness, by the pressure of one or two 
inches of water. The fourth tube contains a 
metallic wire GL, having a knob at its extrem- 
ity L, intended for giving an electrical spark 
from L to d^ on purpose to set fire to the hy- 
drogen gas; this wire is moveable in the tube, 
that we may be able to separate the knob L 
from the extremity d! of the tube Dd'. The 
three tubes dl>d', gg^ and are all provided 
with stop-cocks. 

That the hydrogen gas and oxygen gas may 
be as mudi as possible deprived of water, they 
are made to pass, in their way to the bakion A, 
thiou!^ the tufHM MM, NN, of about an inch 
diameter, and filled with salts, which, from 
ihekt deliquescent nature, greedily attract the 
moisture of tlm air: such are the acetite of 
potasfav and tiie muriate or nitrate of lime.^ 
These salts must only be reduced to a coarse 
powd^, lest they run into lumps, and prevent 
gases froni getting throu^ their inter- 
sficw. 


' We must be provided ^forehand with a 
sufficient quantity of oxygen gas, carefully 
fnirified ivom all admixture ^ carbonic acid by 



bng contact within aoliiticm of potadi.* ^ ^ 

We must likewise have a douj^ quantity of 
hydrogen gas, carefully purified in the same 
manner by long ccmtaCt idth a solution of pot^ 
ash in water. The best way of obtaimng Ihhi 
gas free from mixture is by decomposing water 
with very pure soft iron, as directed in Exp. 8 
of this chapter. 

Having adjusted everything properly, as 
above directed, the tube HA Is adapted to an 
air-pump, and the balloon A is exhausted of its 
air. We next admit the oxygen gas so as to fill 
the balloon and then, by means of pressure as 
is before mentioned, force a small stream of 
hydrogen gas*through its tube DcP, which we 
immediately set on fire by an electric ©park. 
By means of the above described appamtus, 
we can continue the mutual combustira of 
these two gases for a long time, as we hai^ the 
power of supplying them to the balloon from 
their reservoirs, in proportion as they are con- 
sumed. 1 have in another place^ given a de- 
scription of the apparatus used in this experi- 
ment and have explained the manner of ascer- 
taining the quantities of the gases consumed 
with the most scrupulous exactitude. 

In proportion to the advancement of the 
combustion, there is a deposition of water upon 
the inner surface of the balloon or matrass 'A: 
the water gradually increases in quantity and, 
gathering into large drops, runs down to the 
bottom of the vessel. It is easy to ascertain the 
quantity of water collected, by weighing the 
balloon both before and after the experiment. 
Thus we have a twofold verification of our ex- 
periment, by ascertaining both the quantities 
of the gases employed and of the water formed 
by their combustion : these two quantities must 
be equal to each other. By an operation of this 
kind, M. Meusnier and I ascertained that it 
required 85 parts, by weight, of oxygen, united 
to 16 parts ci hydrogen, to compose 100 parts 
of water. This experiment, which has not 
hitherto been published, was made in 
ence of a numerous ^mmittee from the Edyiftl 
Academy. We exerted the most scmpuleus 
attention to its accuracy and have reason to 
believetbat the above piopositionscannot viu^ 
a two4iuiidtedth part from absolute teuth. - 

Frote tiiese experiments, both analytical and 
synthetic, we may now that we hate 
ascertained, witii as imich certainty as fa $ibs- 

I The method of obtaining thisfure 
ash will be given in the BMuel. — AinnOB. 

* See the wrd part of thie work.— Airitacnl.' ' ^ 
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edble in physical fa. chexx^cal subjects, that 
water is not a sinipte elementary substance 
but is composed of two elements, oxygen and 
hjrdrogen; which elements, when existing 
separately^ have so strong affinity for caloric 
as only to subsist under the form of gas in the 
common temperature and pressure of our 
atmosphere. 

This decomposition and recomposition of 
water is perpetually operating before our eyes, 
in the temperature of the atmosphere, by 
m/^8 of compound elective attraction. We 
shall presently see that the phenomena attend- 
ant upon vinous fermentation, putrefaction, 
and even vegetation, are produced, at least in 
a certain degree, by decomposition of water. 
It is very extraordinary that this fact should 
have hitherto been overlooked by natural phi- 
losophers and chemists: indeed/ it strongly 
proves that, in chemistry as in moral philos- 
ophy, it is extremdy difficult to overcome prej- 
udices imbibed in early education and to search 
for truth in any other road than the one we 
have been accustomed to follow. 

I shall finish this chapter by an experiment 
much less demonstrative than those already 
related, but which has appeared to make more 
impression than any other upon the minds of 
many people. When 16 ounces of alcohol are 
burnt in an apparatus^ properly adapted for 
collecting all the water disengaged during the 
combustion, we obtain from 17 to 18 ounces of 
water. As no substance can furnish a product 
larger than its original bulk, it follows that 
something else has united with the alcohol duiv 
ing its combustion; and I have already shown 
that this must be oxygen, or the base of air. 
Thus alcohol contains hydrogen, which is one 
of the elements of water; and the atmospheric 
air contains oxygen, whi^ is the other element 
necessary to the composition of water. This 
experiment is a new proof that water is a com^ 
pound substance. 

CHAPTER IX 

Of the Qmntiiiea of Caloric Disengaged from 

DiffererU Species of Combustion 

Wb have already mentioned that, when any 
body is bnmt in the center of a hollow sphere 
of ice and supplied with air at the temperature 
of am (82^), the quantity of ice melted from 
Inside of the sphere becomes a measure of 

4' See an account of this apparatus in the third pai^ 
of llib 


the iretative quantities of oaUmc disehgagadb 
M. dn Laplace and I gave a description of the 
apparatus anployed forthis kind of experiment 
in the Becueil de VAcadhmie for 1780, p. 855; 
and a description and plate of the same appa* 
ratus will be found in the third part of l^s work. 
With this apparatus, phosphorus, charcoal, and 
hydrogen gas, gave the following results: 

one pound of phosphorus melted 100 lbs, of ice; 

one pound of charcoal melted 06 fhs. 8 os; 

one pound of hydrogen gas melted 295 Vbs. 

9 oz, 3H gros, 

Ab a concrete acid is formed by the combus- 
tion of phosphorus, it is probable that very 
little caloric remains in the acid and, conse- 
quently, that the above experiment gives us 
very nearly the whole quantity of caloric con- 
tained in the oxygen gas. Even if we suppose 
the phosphoric acid to contain a good deal of 
caloric, yet, as the phosphorus must have con- 
tained nearly an equal quantity before com- 
bustion, the error must be very small^ as it will 
only consist of the difference between what 
was contained in the phosphorus before, and 
in the phosphoric acid after combustion. 

I have already shown in Chapter V that one 
pound of phosphorus absorbs one pound eight 
ounces of oxygen during combustion; and 
since, by the same operation, 100 lbs. of ice are 
melt^, it follows that the quantity of caloric 
contained in one pound of oxygen gas is ca- 
pable of melting 66 lbs. 10 oz. 5 gros 24 grs. of ice. 

One pound of charcoal during combustion 
melts only 96 lbs. 8 oz. of ice, whilst it absorbs 
2 lbs. 9 oz. 1 gros 10 grs. of oxygen. By the ex- 
periment with phosphorus, tl^ quantity of 
oxygen gas ought to disengage a quantity d 
caloric sufficient to melt 171 lbs. 6 os. 5 gros of 
ice; consequently, during this experiment, a 
quantity of caloric sufficient to mdt 74 lbs. 14 
oz. 5 gros of ice disappears. Carbonic acid is 
not, like phosphoric add, in a concrete state 
aft^ com Wtion but in the state of gas and re- 
quires to be united with caloric to enable it to 
subsist in that state; the quantity of caloric 
missing in the last experiment is evidently em? 
ployed for that purpose. When we divide that 
quantity by the wei^t of carbonic add femns^ 
by the’ combustion of one pound of charbeal, 
we find that the quantity of calorie necessary 
for chan^ng one pound of carbonic add fwm 
the concrete to the ga^us state would be 
pabla of mdting 20 lbs. 15 oz, 5 gros of ice. 

We may xnal^ a similar ealeulation with tbe 
combustion of hydrogen sssa and ihe^eonse- 
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qumt CcKimation of water. During the combue- 
tion of one pound of hydrogen gas, 5 lbs. 10 oz. 
6 gro8 24 grs, of oxygen gas are al^orbed, and 
295 lbs. 9 oz. of foe are melted. But 5 

lbs. 10 oz. 5 gros 24 grs. of oxygen gas, in chang- 
ing from the aeriform to the solid state, loses, 
according to the experiment with phosphorus, 
enough of caloric to have melted 377 lbs. 12 oz. 
3 gros of ice. There is only disengaged from the 
same quantity of oxygen, during its combus- 
tion with hydrogen gas, as much caloric as 
melts 295 lbs. 2 oz. 3}4 gros; wherefore there 
remains in the water at zero (32®), formed, 
during this experiment, as much caloric as 
would melt 82 lbs. 9 oz. 7)^ gros of ice. 

Hence, as 6 Jbs. 10 oz. 5 gros 24 grs. of water 
are formed from the combustion of one pound 
of hydrogen gas with 5 lbs. 10 oz. 5 gros 24 grs. 
of oxygen, it follows that in each pound of 
water, at the temperature of zero (32°), there 
exists as much caloric as would melt 12 lbs. 
5 oz. 2 gros 48 grs. of ice, without taking into 
account the quantity originally contained in the 
hydrogen gas, which we have been obliged to 
omit for want of data to calculate its quantity. 
From this it appears that water, even in the 
state of ice, contains a considerable quantity 
of caloric, and that oxygen, in entering into that 
combination, retains likewise a good proportion. 

From these experiments, we may assume the 
following results as sufficiently established. 

Combustion of phosphorus 

From the combustion of phosphorus, as re- 
lated in the foregoing experiments, it appears 
that one pound of phosphorus requires 1 lb. 8 oz. 
of oxygen gas for its combustion and that 2 lbs. 
8 oz. of concrete phosphoric acid are produced. 

The quantity of caloric disengaged by 
the combustion of one pound of phos- 
phorus, expressed by the number of 
pounds of ice melted during that op- 
eration, is 100.00000 

The quantity disengaged from each 
p^und of oxygen during the combus- 
tion of phosphorus, expressed in the 
saihe manner, is 66.66667 

The quantity disengaged during the 
formation of one pound of phosphoric 
add 40.00000 

Ihe quantity remaining in each pound 
of phosphoric acid 0.00000^ 

2 We here suppose the phosphoric acid not to con- 
tain any caloric, which is not strictly true; but, as 
1 have before observed, the quantity it really con- 
tains is probably very small, and we have not given 
it a value, for want of sufficient data to go upon. — 
ArmtoB. 


Ccmtbtisfjon o/ cAorcoo? 

In the combustion of one pound of charcoal, 
2 lbs. 9 oz. 1 gros 10 grs. of oxygen gas are ab- 
sorbed, and 3 lbs. 9 oz. 1 gros 10 grs. of carbonic 
acid gas are formed. 

Caloric disengaged during the combus- 
tion of one pound of charcoal 96.50000 

Caloric disengaged during the combus- 
tion of charcoal, from each pound of 
oxygen gas absorbed 37.52823 

Caloric disengaged during the formation 
of one pound of carbonic acid gas 27.02024 

Caloric retained by each pound of oxy- 
gen after the combustion 29.13844 

Caloric necessary for supporting one j 
pound of carbonic acid in the state of I 
gas 26.97960 

Combustion of hydrogen gas \ 

In the combustion of one pound of hyoi^gen 
gas, 5 lbs. 10 oz. 5 gros 24 grs. of oxygen gas are 
absorbed and 6 lbs. 10 oz. 5 gros 24 grs. of water 
are formed. 

C^oric from each lb. of hydrogen gas 295.58950 

Caloric from each lb. of oxygen gas 52.16280 

Caloric disengaged during the formar 

tion of each pound of water 44.33840 

Caloric retained by each lb. of oxygen 

after combustion with hydrogen 14.50386 

Caloric retained by each lb. of water at 

the temperature of zero (32°) 12.32823 

Formation of nitric add 

When we combine nitrous gas with oxygen 
gas so as to form nitric or nitrous acid a degree 
of heat is produced which is much less consid- 
erable than what is evolved during the other 
combinations of oxygen; whence it follows 
that oxygen, when it becomes fixed in nitric 
acid, retains a great part of the heat which it 
possessed in the state of gas. It is certainly pos- 
sible to determine the quantity of caloric which 
is disengaged during the combination of these 
two gases and consequently to determine what 
quantity remains after the combination takes 
place. The first of these quantities might be 
ascertained by making the combination of the 
two gases in an apparatus surrounded by ice; 
but, as the quantity of caloric disengaged is 
very inconsiderable, it would be necessary to 
operate upon a large quantity of the two gases 
in a very troublesome and complicated appa- 
ratus. By this consideration, M. de Laplace 
and I have hitherto been prevented from niak- 
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ing the attempt. la the meantime, the place of 
such an experiment may be supplied by cal* 
ovdations, the results of which cannot be . very 
far from truth. 

M. de Laplace and I deflagrated a conven* 
lent quantity of nitre and charcoal in an ice 
apparatus and found that twelve pounds of ice 
were melted by the deflagration of one pound 
of nitre. We shall see, in the sequel, that one 
pound of nitre is composed, as below, of 
) 

potash 7 oz. 6 gros 51.84 grs. ^ 4515.84 grs. 

dry acid 8 1 21.16 » 4700.16 

The above quantity of dry acid is com- 
posed of 

oxygen 6 oz. 3 gros 66.34 grs. « 3738.34 gra^ 

azote 1 5 25.82 « 961.82 

By this we find that during the above de- 
flagration 2 gro8 lyi gr. of charcoal have Suf- 
folk combustion, alongst with 8738.34 grs. 
or 6 oz. 3 gros 66.34 grs. of oxygen. Hence, 
since 12 lbs. of ice were melted during the com- 
bustion, it follows that one pound of oxygen 
burnt in the same manner would have melted 
29.58320 lbs. of ice. To which the quantity of 
caloric, retained by a pound of oxygen after 
combining with charcoal to form carbonic acid 
gas, being added which was already ascer- 
tained to be capable of melting 29.13844 lbs. 
of ice, we have for the total quantity of caloric 
remaining in a pound of oxygen, when com- 
bined with nitrous gas in the nitric acid 
68.72164; which is the number of pounds of ice 
the caloric remaining in the oxygen in that 
state is capable of melting. 

We have before seen that, in the state of 
oxygen gas, it contained at least 66,66667; 
wherefore it follows that, in combining with 
azote to form nitric acid, it only loses 7.94502. 
Further experiments upon this subject are 
necessary to ascertain how far the results of 
this calculation may agree with direct fact. 
This enormous quantity of caloric retained by 
oxygen in its combination into nitric acid ex- 
plains the cause of the great disengagement of 
ealbrife during the deflagrations of nitre; or, 
more strictly speaking, upon all occasions of 
the. decomposition of nitric acid. 

Qcmbfidion of wax 

• HhVing 'i^mined several cases of simple 
combustion, I mean now to give a few examples 
6f a more cOm^ex nature. One pound of wax- 
tapdr being allowed to bum slowly in an ice ap- 
metfed 133 26s. 2 oz. gros 6f ice. 


According to my ekperiments in tiie BecmQ de 
VAeadimie for 1784, p. 606, one pound of wax- 
taper consists of 13 oz, 1 gros 23 grs. of char- 
coal and 2 oz. 6 gros 49 grs. of hydrc^en. 

By the foregoing experi- 
ments, the above quantity 
of charcoal ought to melt 79.39390 Vbs. of ice 
The hydrogen should melt 52.37605 

Total 131.76995 JJbs. 

Thus, we see the quantity of caloric disen- 
gaged from a burning taper is pretty exactly 
conformable to what was obtained by burning 
separately a quantity of charcoal and hydrogen 
equal to what enters into its composition. These 
experiments with the taper were several times 
repeated, so that 1 have reason to believe them 
accurate. 

Combustion of Olive OH 

We included a burning lamp, containing a 
determinate quantity of olive oil, in the ordi- 
nary apparatus and, when the experiment was 
finished, we ascertained exactly the quantities 
of oil consumed and of ice melted; the result 
was that during the combustion of one pound 
of olive oil, 148 lbs. 14 oz. 1 gros of ice were 
melted. By my experiments in the Hectueil de 
VAcaMmie for 1784, and of which the follow- 
ing chapter contains an abstract, it appears 
that one pound of olive oil consists of 12 oz. 5 
gros 5 grs. of charcoal and 3 oz. 2 gros 67 grs. of 
hydrogen. By the foregoing experiments, that 
quantity of charcoal should melt 76.18723 Vbs. 
of ice, and the quantity of hydrogen in a pound 
of the oil should melt 62.15053 lbs. The sum of 
these two gives 138.33776 26s. of ice, which' the 
two constituent elements of the oil would have 
melted had they separately suffered combus- 
tion, whereas the oil really mdted 148.88330 
lbs. which gives an excess of 10.54554 in the 
result of the experiment above the calculated 
result, from data furnished by former experi- 
ments. 

This difference, which is by no means very 
considerable, may arise from errors wfai^ are 
unavoidable in experim^ts of this nature, or 
it may be owmg to the comporiridb of oil not 
being as yet ^exactly ascertained. It ’ {noV6s, 
however, that there is a great agreement be- 
tween the iesults of our experiments, reeg^betr 
ing the combination of calorie and those i^ch 
r^rd its disengagement. 

The following desiderata stilt Remain tb 
determined, viz: what quantity of oaiorie k re- 
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iSBhoAbf be^Is, 

«6 afi ^to isonvert them into bxldes; ^hat quan-* 
tity is contained by hydrogen, in Its different 
states of existence; and t6 asceitain, with more 
precision than is as yet attained, how much 
caloric is disengaged during the formation of 
water, ^ there still remain considerable doubts 
'with r^pect tp bur preseht determination of 
this point, which can only be removed by fur- 
ther experiinexrts* We are at present occupied 
with this inquiry and when once these several 
points aare wdl ascertained, which we hope they 
will soon be, we shall probably be under the 
necessity of making considerable corrections 
upon most of the results of the experiments 
and calculations in this chapter. I did not, 
however, consider this as a sufficient reason 
Ibr 'withholding so much as is already known 
from such as may be inclined to labour upon 
the same subject It is difficult in our endeav- 
ours to discover the principles of a new science, 
to avoid beginning by guess-work; and it is 
rarely possible to arrive at perfection from the 
ffrst sotting out. 

1 

CHAPTER X 

Of the ConAinalion of C<mbu$tible Substances 
%oith,i!ach Other 

As cohibustible substances in general have a 
groat affinity for oxygen, they ought likewise 
to attract or tend to combine with eadi other; 
'qu&e sunt Jdodem uni t&rtio^ sunt eadem inter 
and the axiom is found to be true. Almost ail 
the tnotals, for instance, are capable of uniting 
with each other and fozming what are called 
aikfys^^ in common language. Most of these, 
like all combinations, are susceptible of sev- 
eral degrees of saturation; the greater number 
of these fkUoye are more brittle than the pure 
metels of which they are composed, especially 
whea metals alloyed together are consid- 
jembly different in their d^rees of fusibility. 
TolhisdifferenGe infuslbility part of the phe- 
nomena attoidant upon aUoyage are owing, 
property of iron called by 
worksOto heMiiort, This kind of iron must be 
i^sidered as an alloys or mixture of pure iron, 
ikakniost infusible, with a small portion 
jsCeome other snetal which fuses in a much lowt> 
«depee of heat^ So long as .this alfoy remains 
and^both metals are in the solid state, the 

have from the lan- 
of the arts, serw exoeedmgly well for die- 
tuiguil^^ the combiaatiohs or intimate unions 
each othSi*, hnd^ adopted’ in our new 
sMloafkdwre lor that purpgQee.-r*Atrm>iu 


mixture is anaileable; butji if beatod to m&ti 
ficient degree to liquefy the more f usable meital^ 
the particles of the liquid? * which /ila*e 

interposed between the particles of the 
remaining solid, zhust destroy their contimdty 
and occasion the alloy to become brittle* Tl^ 
alloys of mercury, with the other metals, hove 
usu^y been caUed amdgamst and we.see rio 
inconvenience from continuing the use of that 
term. ^ , 

Sulphur, phosphorus, and charcoal readily 
unite with metals. Combinatiohs of suteliU;r 
with metals are usually named pyrUes. Thdir 
combinations with phojqshorus and charobal 
are either net yet named or have received new 
names only of late; so that we have not scru- 
pled to change them according to oih*' prin- 
ciples. The combinations of metal ahd sulphUr 
we call sulphurets, those with phosphoruiS| pkos- 
phuretSf and those formed with charcoal 
rets. These denominations are extended lo all 
the combinations into which the above three 
substances ent^, without being previously oxy- 
genated. Thus, the combination of sulphur 
with potash, or fixed vegetable alkali, is called 
sulpkuret of potash; that which it forms with 
ammonia, or volatile alkali, is termed sulphuret 
of ammonia. i 

Hydrogen is likewise capable of combining 
with many combustible substances. In the 
state of gas it dissolves charcoal, sulphur, phos- 
phorus, and several metals; we distinguish 
these combinations by the terms, carbonated 
hydrogen gaSf sulphurated hydrogen gas, and 
phosphorated hydrogen gas. The sulphurated 
hydrogen gas was called hepatic air by former 
chemists, or foetid air from sulphur, by M. 
Bcheele. The virtues of several mineral waters, 
and the foetid smell of animal excrements, 
cliiefly arise from the presence of this gas. The 
pbosi^orated hydrogen gas is remarkable for 
the. property, (hsoovered by M. Gengembre, 
of takmg fire spontaneously upon getting into 
contact with atoospherie air, or, what is bet- 
ter, with oxygen gas. This gas has a strong 
your, resembling that of putrid fish, andl^t is 
very probable t^t? the phosphorescent q^oelilbf 
of fish in the state of putrefaction aria^ 
the escape of this speeias of gas* Wbeh 
gen and charcoal are combin^^ together, ^rrith- 
out the intervehticb of to bring the hy- 
drogen mto the state.of gas,, 
which k either . fixed or vdat^^apooidteK/lb 
the proportions cl hydirogen and ftoi^coal in ^ 
composition* The cb^difterc^ 
or iat oils drawn. Irpm vegeifabl^^hy 
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foisa^^ 0 caM»kiiBmex»M of ehai^eoal, which is 
•aeparatodl when the oils axa h^ted above the 
degree of hoilieg water; wbereae. the volatile 
oilsii^taje^ a iust proportiQii of ^ese two 
GoiiBtatueot.hi 9 ^ii^tef are not SaUe to he de- 
oom|>osed by that heat, but, uniting with ca- 
k>ric;intio gsaeoue state, peas over in die* 
tiUation unehanged. 

In the Becueil de VAcadimie for 1784, p. 593, 
I gave an account of my experiments upon the 
composition of oil and alcohol, by the union of 
hydrog^ with charcoal, and of their combina- 
tion with pxygen. By these eaqperiments, it ap- 
pears that <Hla combine with oxygen dur- 
ing combuE^n and are thereby converted 
into Water and carbonic acid. By means of cal- 
culation applied to the products of these ex- 
periments, we find that i^ed oil is composed of 
21 parts, by weight, of hydrogen combined 
with 79 parts of charcoal. Perhaps the solid 
substances of an oily nature, such as wax, con- 
tain a proportion of oxygen to which they owe 
their state, of solidity. I am at present engaged 
in a series of experiments, which I hope will 
tim)w great light upon this subject. 

It is worthy of being examined whether hy- 
drogen in its concrete state, uncombined with 
caloric, be susceptible of combination with sul- 
phur, phosphorus, and the metals. There is 
nothing that we know of which, a prwrif should 
render these combinations impossible; for com- 
bustible bodies being in general susceptible of 
combination with each other, there is no evi- 
dent reason for hydrogen b^g an exception 
to the rule: however, no direct experiment as 
yet establishes either the possibility or impos- 
sibility of this union. Iron and aino are the 
most hkeiy, of all the metals, for entering into 
combination with hydrogen; but, as these have 
theproperty of decomposing waW, and as it is 
vkry difficult to get entirely free from moisture 
in chemical exp^iments, it is hairdly possible 
to, determine whether the small portions of 
kydtogeni^' obtained in certain experiments 
with these xnetals Were previously^ combined 
wICb the metal in the state (A solid^hydrogen, 
or if they were produced by thedecomposition 
^ a inmute^uantity of water^/The more care 
we inke to prevent the presence of water in 
thBseeiqpisrinm&ts; the less is the quantity of 
h^T&ogen gas procured; and, when very aeou* 
fate pieoautionsaseemploye^ erai that qu^ 

'ih Hemror thastequiry may turn out xeiq^eot* 
ftt 9 ?:mipomr of combnti^ bodies^ as^eul* 


absorb igrr. 

are, pertain that they pnly, ah^?b 
.smaQ ip^on; and that tl:^ con^y^tipiv 
kti^d of temg essential to tbtir oopstitu^n,, 
can only be considered as a lortign^subshaope 
which contaminates their ,putit3!< ^ is. the 
province of the advocates ^ for systsm^ ^ 
prove, by decisive experiments^ the exifiK 
timpe of this combined hydrogen, , which they 
have hitherto only done by oonjeetuaesiounded. 
upon, suppositions. ^ 

CHAPTER XI . 

Obaervaliane up6h Oxides and Ajciids- uotth Sev* 
etal Bases, and upon the Composition of Ani- 
mal and Vegetable SuhstanOes , 

Wb have in Chapters V and VIII examumd the 
products resulting from the combustion of the 
four simple combustible substances, sulphur, 
phosphorus, charcoal, and hydrogen: we have 
shown in Chapter X that the mmple pcmbus- 
tible substances arecapable ofoombinii^ with 
each other into compound combusl^le sub* 
stances and have observed that in gaier^, 
and particularly the fixed vegetabteoils, belong 
to this class, beu^ composed of hydrog^ and 
charcoal It remains, in this chapter, to treat 
of the oxygenation of these compound com- 
bustible substances and:te there 

exist acids and oxides having double and triple 
bases. Nature furnishes us with numerous 
examples of this kind of combinationi by 
means of which, chiefiy, she is enaUed.to pro*, 
duce a vast variety of compounds from a very 
limited number of elements or simple au^ 
stances. 

It was long ago well known that! when mu- 
riatio and nitric acids were mixed tog^er a 
cmnpound acid was formed, having properties 
quite distinct from those of either pi tiie acids 
taken separately. This acid was caHod 
regtOf from its celebrated property pf ffis- 
solving gc4d, called hing^ metals ^ thealidben 
mists. M. BerthoUet has distinctly proved tiwrt 
thop^uliar peoples erf. tiusamd arise from the 
combined action, of its two acidifiable bases; 
and this reasem we have judged it necessmy 

todbtinguiitiiit:by anappmpitete name;r:^t 
of. add appears extrepisty apn 

pUcalde^ fimn ito ex^fessing the nature,^ the 
twosub^nceswhich^iterinteitet^^ 
idieabiie^ from Its expressing the nature .ef 
tbe.twO;WUfaitance8 which .enteemti^iteeomr^ 
positioin/ .*v, 

< of. a douhtoihBiae hi one 
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add, wMch had fonsieriy been lAa^red only 
in mtltHHUimtic add, occunsi continually 
in the vegetable Ungdom, in which a dmple 
add, ot dne poseess^ of a single acidifiable 
base, is very rardy found. Almost all the acids 
procurable from this kingdom have bases com- 
posed of charcoal and hydrogen, or of charcoal, 
hydrogen, and phosphorus, combined with 
more or less oxygen. All these bases, whether 
double or trifle, are likewise formed into ox- 
ides, having less oxygen than is necessary to 
give them the properties of acids. The acids 
and oxides from the animal kingdom are still 
more compound, as their bases generally con- 
sist of a combination of charcoal, phosphorus, 
hydrogen, and azote. 

As it is but of late that 1 have acquired any 
clear and distinct notions of these substances, 
I shall not, in this place, enlarge much upon 
the subject, which I mean to treat of very fully 
in some Mimoires I am preparing to lay before 
the Academy. Most of my experiments are al- 
ready performed; but, to be able to give exact 
reports of the resulting quantities, it is neces- 
sary that they be carefully repeated and in- 
creased in number: wherefore, I shall only give 
a short enumeration of the vegetable and ani- 
mal acids and oxides and terminate this article 
by a few reflections upon the composition of 
vegetable and animal bodies. 

Sugar, mucus, under which term we include 
the different kinds of gums, and starch, are 
vegetable oxides, having hydrogen and char- 
coal ccunbined, in different proportions, as their 
radicals or bases, and united with oxygen so as 
to bring them to the state of oxides. From the 
state of oxides they are capable of being changed 
into adds by the addition of a fresh quantity 
of oxygen; and, according to the degrees of 
oxygenation, and the proportion of hydrogen 
and charcoal, in their bases, they form the sev- 
eral kinds of vegetable acids. 

It would be easy to apply the principles of 
our nomenclature to give names to these vege- 
table adds and oxides by using the names of 
the two substances which compose their bases: 
they would thus become hydro^rbonous acids 
and oxides. In this meth^ we mi^t indicate 
which of their elements existed in excess, with- 
out drcumlocution, after the manner used by 
M.^Rouelle for naming vegetable extracts: he 
these exlraeto-rerifum when the extractive 
prevails in their composition, and rest- 
when they contain a larger pro- 
jportiOn of psinous matter. Upon that plan, 
Ond hsir VOiyiics the terminations according to 


the formerly establidied ruktt of our nome^ 
clatuie, we have the following denominations: 
hydriHxarhonauat hydr^^bmic;^ 
rouSf and carbono^hydric oxides. And ior tiie 
acids: hydro^arborumSi hydro ccarhof^, oxygen- 
ated hydro-carbome; oxrboruhkydmi^ ca/rbono- 
hydricy and oxygmakd ccErhon^kydric. It is 
probable that the above terms would suffice 
for indicating all the varieties in nature, and 
that, in proportion as the vegetable adds be- 
come well understood, they will naturally ar- 
range themselves under these denominations.' 
But, though we know the elements of which 
these are composed, we are as yet ignorant of 
the proportions of these ingredients ind are 
still far from being able to class thein in the 
above methodical manner; wherefore, we have 
determined to retain the ancient nam^ pro- 
visionally. I am somewhat further advanced in 
this inquiry than at the time of publishing our 
conjunct essay upon chemical nomenclature, 
yet it would be improper to draw decided con- 
sequences from experiments not yet suffidently 
precise. Though 1 acknowledge that this part 
of chemistry still remains in some degree ob- 
scure, I must express my expectations of its 
being very soon ducidat^. 

I am still more forcibly necessitated tq fol- 
low the same plan in naming the acids Which 
have three or four elements combined in their 
bases; of these we have a considerable number 
from the animal kingdom, and some even from 
vegetable substances. Azote, for instance, joined 
to hydrogen and charcoal forms the b^ or 
radical of prussic acid; we have reason to be- 
lieve that the same happens with the base of 
gallic acid; and almost all the animal acids 
have their bases composed of azote, phosphor- 
us, hydrogen, and charcoal. Were we to en- 
deavour to express at once all these four com- 
ponent parts of the bases, our nomenclature 
would undoubtedly be methodical; it would 
have the property of being clear and determin- 
ate; but this assemblage of Greek and Latin 
Bulietantives and sdjectives, which are not yet 
universally admitted by diemists, would have 
the appearance a barbarous languagSi diffi- 
cult teth to pronounce and to be remembei^ 
Besides, this part of chemistry b»ng still far 
from that accuracy it must arrive to, the pi^ 
fection of the science oug^t certainly to pre* 
cede that of its language; and we must stilly 
for some time, retain old names for the 
animal oxides and acids. We fahve only ymr 
tured to make a few slight modificationa af 
these names, by changing the teniiiiiatiim i^to 
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we hevs reason to sup^pose the base 
to btrinexeeBB^aad into ic when wesuapect the 
oxygen predominates. 

, The following are all the vegetable acids 
hitherto known: 

1. Acetous acid 8. Pyro-itiucous acid 

2. Acetic add 9. I^ro^lignousadd 

3. Oxalic acid 10. Gallic acid 

4. Tartarous acid 11. Benzoic acid 

5. Byro-tartarous acid 12. Camphoric acid 

6. .Citric add 13. .Succinic acid 

7. Malic acid 

Though all these acids^ as has been already 
said, are chiefly, and almost entirely, composed 
of hydrogen, charcoal, and oxygen, yet, prop- 
erly speaking, they contain neither water, cai^ 
bonic acid, nor oil but only the elements neces- 
sary for forming these substances. The power 
of affinity reciprocally exerted by the hydro- 
gen, charcoal, and oxygen, in these acids is in a 
state of equilibrium oidy capable of existing in 
the ordinary temperature of the atmosphere; 
for, when they are heated but a very little 
above the temperature of boiling water, this 
equilibrium is destroyed, part of the oxygen 
and hydrogen unite and form water; part of 
the charcoal and hydrogen combine into oil; 
part of the charcoal and oxygen unite to form 
carbonic acid; and, lastly, there generally re- 
mains a small portion of charcoal, which, being 
in excess with respect to the other ingredients, 
is left free. I mean to explain this subject some- 
what farther in the succeeding chapter. 

The oxides of the animal kingdom are less 
known than those from the vegetable kingdom, 
and their number is as yet not at all deter- 
mined. The red part of the blood, lymph, and 
most of the secretions, are true oxides, under 
whieh point of view it is very important to con- 
sider thmn. We are only acquainted with six 
animal acids, several of which, it is probable, 
approach very near each other in their nature, 
or, at least, diff^ only in a scarcely sensible 
degree. I do not include the phosphoric acid 
tmongst these, because it is found in all the 
kingdoms of nature. They are: 

1*. Lactic acid 4. Formic acid 

2; «9acchcHlactic acid 6. Sebaclc acid 

3r^,Bombic aeid 6. Prussic acid 

The Connection between the ccmstitu^t ele- 
ments of the animaf oxides and acids is ,not 
zqote permanent than in those from the vege- 
table Ungdom, an a soudl increase of temp^a- 
tare is sidBdent jta overturn it. I hope to ren- 
der tibl^ subject more distinct in the foUowing 
thapinr tfara has h&m done hitherto. 


CHAPTEEXK 

Of the Dficompositim of Vegetable oihd Animal 

Substoncee by the Action of Fire 

Befoke we can thoroughly comprebexid what 
takes place during the decomposition of vege- 
table substances by fire, we must take into 
consideration the nature of the elements which 
enter into their composition, the different al- 
finities which the particles of these elements 
exert upon each other, and the affinity which 
caloric possesses with them. The true constit- 
uent elements of vegetables are hydrogen, oxy- 
gen, and charcoal: these are common to all 
vegetables, and no vegetable can exist without 
them. Such other substances as exist in partic- 
ular vegetables are only essential to the com- 
position of those in which they are found and 
do not belong to vegetables in general. 

Of these elements, hydrogen and oxygen 
have a strong tendency to unite with caloric 
and be converted into gas, whilst dmrcoal is a 
fixed element having but little affinity with 
caloric. On the other hand, oxygen, which, in 
the usual temperature, tends nearly equally to 
unite with hydrogen and with charcod, has a 
much stronger affinity with charcoal when at 
red heati and then unites with it to form car- 
bonic acid. 

Although we are far from being able to ap- 
preciate all these powers of affinity, or to ex- 
press their proportional energy by numbers^ 
we are certain that, however variable they may 
be when considered in relation to the quantity 
of caloric with which they are combined, thqy 
are all nearly in equilibrium in the usual tem- 
perature of the atmosphere; hence vegetables 
neither contain oil,’^ water, nor carbonic acid, 
tho’ they contain all the elements of these sub- 
stances. The hydrogen is neither combined 
with the oxygen nor with the charcoal, and re- 
ciprocally; the particles ,of tixese three sub- 
stances forma triplecombtnationwhidiremams 
in equilibrium whilst undisturbed by calorie, 
but a very slight increase of temperature is suf- 

1 Though this term, red heai, does not indiisatesny 
absolutely determinate degrw of tempetature* I 
shall use it sometimes to express a temperature 
siderably above that of boiling Water. — Avrkdm, 

* 1 must be understood here to speak of vegetahSiai 
reduced to a perfectly dry state; apd, with respect, tp 
oil, I do not mean that which is procured by exp^ 
sion either in the cold, or in a temiMrature not ex- 
ceeding that of boiling water; I only, ellude-^to 
empyreumailo oil procured by distillation with, a 
nalM fire, in a heat superior to the't^perathrwof 
boUii^ water; which is the only. eU declared ip be 
produced by tho operation of fire, what Ihavenab- 
Ihuied upon this subject in ihe 'Reeueil de VAeoahwie 
tfit 1786 may be consulted.— Amsea.. 
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combination. 

. If, ^ncjreased temperature to which the 
v^g^)3>le is Exposed does not exceed the heat 
oi boiling watSr, one part of ihe hydrogen com- 
Mhee with the oxygen and forms water, the 
it»tof the hydKogen combines with a part of 
the char^k)^ and ionns volatile oil, whilst the 
vettekinder of the charcoal, being set free from its 
t^mbinatidn with the other elemente, remains 
®xed' in' the bottom of the diirtilling vessel 
i contrary, we employ red heat, 

water is formed, or, at least, any that may 
have been produtsed by the first application of 
Mbie'heat is decomposed, the oxygen hamg a 
greater affinity with the charcoal at this de- 
grOe^of het^t combines with it to form carbonic 
acidj and the hydrogen being left free from 
bombination with the other elements unites 
with caloric and escApes in the state of hydrc^ 
geagas. In this high temperature^ either no oil 
is formed, or, if any was produced during the 
lower temperature at the beginning of the ex- 
periment, it is decomposed by the action of 
the ted heat. Thus the decomposition of vege- 
table matter, under a high temperature, is pro- 
duced by the action of double and triple affin- 
ities; while the charcoal attracts the oxygen on 
purpose to form carbonic acid, the caloric at- 
tracts the hydrogen and converts it into hy- 
drogen gas. 

• The distillation of every species of vegetable 
substance confirms the truth of this theory, if 
W'e can .|^ve that name to a simple relation of 
facts. When sugar is submitted to distillation, 
so long as we only ^ploy a heat but a little 
betowithat of boiling water, it only loses its 
water of crystallization, it ^ill remains sugar 
and retainer all its properties; but, immediately 
upon raiMng the hieat only a little above that 
degree, it becomes blackened*, a part of the 
cfa^eckl separatos from the combination, water 
sOj^tiy acidulated passes over accompanied 
fay a^ltbtib'oU:, and the charcoal whidi remains 
m tile retort is nearly a third part of the^orig-^ 
inal wei^t of the sugar. 

, The operation of affinities which' take place 
during thediMomporition) by fire, of vegetables 
Bu^ as the crudferoua 
fwtSrand of those contidokig phosphorus, is 
mb^e’ a^mphcatB^i ’h^^ aa these substences 
c^y >^ter mto tthe composition of vegetables 
m «xmU '^^antiti^, they only, apparent- 
tii^ Ich^ up<m .tiaie products 
^ oWfllatienj the‘ 1 ^ seems to com- 
the chwrcoai hhd, acquirh^ fixii^ 
mpEt that leinaiiisb^ 


wfafie the azote, eedibining wiWa partrbf tiio 
hydrogen, forms anmicMtiaidr vdkt^allEa^ > ^ 
Anffiial substances, bemg ocaiq^losed neaity 
of the same el^n^ts With* crudferous piaUts, 
give the same products in distillatioai wSth 
this difference that,.«*as they contain a greateip 
quantity of hydrogen and azote, th^ produce 
more oil and more ammonia. 1 shall only pro- 
duce one fact as a proof of the exactness wltil 
which this theory dKplainS all the phenbm^ 
which occur diilrtog the distillatii^'of an^af 
substances, which is the rectification and total 
decomposition of volatile animdl oil, oozmnohly 
known by the name of DippePs oil. When 
these oils jbu» procured by a first distillation in 
a naked fire they are brown, from containing a 
little charcoal almost in k free state; but they 
become quite colourless by rectificatiom Even 
in this state the charcoal in their compWtion 
has so slight a connection with the ele*^ 
ments as to separate by mere exposure the 
air. If we put a quantity of this animal oil, well 
rectified, and consequently clear, limpid, and 
transparent, into a bell-glass filled with oxygen 
gas over mercury, in a short time the gas is 
much diminished, being absoribed by the oil, 
the oxygen combining with the hydrogen of 
the oil forms water which sinks tb the bottom; 
at the same time the charcoal which was cbm- 
bined with the hydrogen, being set free, man*^ 
ifests itself by rendering the oil black. Hence 
the only way of preserving these oils colourless 
and transparent, is by keeping them in bottles 
perfectly full and accurately corked, to hinder 
the contact of air, which always diBcoloUrs them] 
Successive rectifications of this oil furnish 
another phenomenon confirming oui^ theory; 
In each distillation a small quantity of chai^cosl 
remains in the retort, and a little water is 
formed by the union of the* oxygen contained 
in the air of the distilling vess^ with the hy^ 
drogen of the oil. As this takes place in each 
successive distillation, if we make Use of large 
vessels and a considerable degree of heat, we 
at last decompose the vffiole of the oil and 
change it entirety into watel* and charcoal 
When weuse small vessels, and espectalijr- wh^ 
we employ a tiow fire or degree of fbeat' Mttlh 
above that of boiling water, the tdtal di^xd^ 
position these oils, by repeated distfilatildn, 
is greatly mote tedious, and nmre difficult to 
accomplishv I shall give a partieifiar detall^to 
the Academy, in aaephrate 
experiments upon the of oiti 

but what I have t^dated above may soffiee^tb 
give just ideiMt ol the^ecn^osition kf 
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and vegetable substances and their deocun- 
position by the action of fire. 

CHAPTER Xm 

Of the Decomposition of VegekMe Oxides by Urn 

Vinoits Fermentation 

The manner in which wine, cider, mead, and 
ail the liquors formed by the spiritous fermen- 
tation, are produced is well known to everyone. 
The juice of grapes or of apples being expressed, 
and the latter being diluted with water, they 
are put into large vats which are kept in a 
temperature of at least 10® (64.5®) of the ther- 
mometer. A rapid intestine motion, or fer- 
mentation, very soon takes place; numerous 
globules of gas form in the liquid and burst at 
the surface; when, the fermentation is at its 
height, the quantity of gas disengaged is so 
great as to make the Uquor appear as if boiling 
violently over a fire. When this gas is carefully 
gathered, it is found to be carbonic acid per- 
fectly pure and free from admixture with any 
other species of air or gas whatever. 

When the fermentation is completed, the 
juice of grapes is changed from being sweet and 
full of sugar into a vinous liquor which no 
longer contains any sugar, and from which we 
procure, by distillation, an inflammable liquor, 
known in commerce under the name of spirit of 
wine. As this liquor is produced by the fer- 
mentation of any saccharine matter whatever 
diluted with water, it must have been contrary 
to the principles of our nomenclature to call it 
spirit of wine rather than spirit of cider or of 
fermented sugar; wherefore, we have adopted 
a more general term, and the Arabic word 
alcohol seems extremely proper for the purpose. 

This operation is one of the most extraordi- 
nary in chemistry. We must examine whence 
proceed the disengaged carbonic acid and ibe 
inflammable Uquor produced and in tehat man- 
ner a sweet vegetable oxide becomes thus c6n- 
vertod into two such opposite substances, 
whereof one is combustible and the other em- 
kently the contrfilry: To solve these two ques- 
tions, it is necessary to be previously acquaint- 
ed with the iBnalysiS of the fermentable shb- 
st«toce and^ the products of the fermentatbn. 
Wemay laiy it' down as an incontestible axiom 
that, in all tee operattons of art and nature, 
nothing is crea^j^aqual quantity matter 
edlshi bote h^re^^ after the 
theqitiaiityand^ymtityoftheel^ 

the s^e anil nothing takes plaon be- 
ynnd com!t^3a*< 


tion of these dements. Upon this principle the 
whole ai^ of performing chemical experiments 
depends. We must always suppose an exact 
equality between the elements of the body ex- 
amined and those of the products of its analysis. 

. Hence, since Irom must of grapes we procure 
alcohol and carbonic acid, I have an undoubted 
right to suppose that must consists of carbonic 
acid and alcohol. From these premises, we 
have two methods of ascertaining what passes 
during vinous fermentation, by determining 
the nature of, and the elements which compose, 
the fermentable substances^ or by accurately 
examining the products resulting from fermen- 
tation; and it is evident that the knowledge of 
either of these must lead to accurate conclu- 
sions concerning the nature and composition of 
the other. From these considerations, it be- 
came necessary accurately to determine the 
constituent elements of the fermentable sub- 
stances; and, for this purpose, I did not make 
use of the compound juices of fruits,- the rigor- 
ous analysis of which is perhaps impossible, 
but made choice of sugar, which is easily ana- 
lyzed and the nature of which I have already 
explained. This substance is a true vegetable 
oxide with two bases, composed of hydrogen 
and charcoal brought to the state of an oxide 
by a certain proportion of oxygen; and these 
three elements are combined in such a way 
that a very slight force is sufficient to destroy 
the equilibrium of their connection. By a long 
train of experiments, made in various ways, 
and often repeated, I ascertained that the pro- 
portion in which these ingredients exist in 
sugar are nearly eight parts of hydrogen, 64 
parts of oxygen, and 28 parts of charcoal, all 
by weight, forming 100 parts of sugar. 

Sugar must be mixed with about four times 
its weight of water to render it susceptible of 
fermentation; and even then the eq^brium 
of its elements would remain 'undieturl^, 
^t^ut the assistance of some subststnde te 
^ve a commencement to the fermentation. 
This is accomplished by means of a little yeast 
from bee^; and, when the fermehtation is once 
excited, itoontSnues Of itself until completed. 
I teall, in another idace; give an account of the 
effecto of yeast, and other ferments, up6n 
mentable Substances. I have usually employ 
10 26s; of yeast, in the state of paste^ Create 
100 {6s. of sqgat, with as much wat^as is four 
tesies the wdgfat of the sugaifM tealt the 
residla of my experiments exa^t^ as iifey 
obtained, preserving even tee ; fraetiona pro- 
duced by calculation. ■ 






Tixmt 


Water ^ 

J Water 

Yeast in paste, 10 lbs. composed of | 

Total 


Iba, oz» {ffoB 
400 0 0 0 
100 0 0 0 
7 3 6 44 

2 12 1 28 

510 0 0 0 


Table II. Constituent Elements of the Materials 
of Fermentation 

lbs, oz, pros grs. 
1 2 71.40 


407 lbs. 3 oz. 6gros44grs. of water, I Hydrogen 61 
composed of I Oxygen 346 

100 lbs. sugar, composed of 


Hydrogen 

Oxygen 

Charcoal 


8 0 0 
64 
28 


2 3 44.60 
0 

0 0 0 

0 0 0 






Hydrogen 

0 

4 

5 

9.30 

2 tbs. 12 oz. 1 pros 28 grs. of dry 

Oxygen 

1 

10 

2 

28.76 

yeast, composed of 



Charcoal 

0 

12 

4 

59 





Azote 

0 

0 

5 

2.94 






Total 

610 

0 

0 

0 


Table III. 

EecapiUdation of these Elements 





lbs. 

oz. 

pros 

prs. 

lbs. 

oz. 

pros 

prs. 


of water 

340 

0 

0 

0 





S 

bO 

B 

of water in yeast 
of sugar 

6 

64 

2 

0 

3 

0 

44.60 

0 

411 

12 

6 

1.36 

of dry yeast 

1 

10 

2 

28.76 





g 

of water 

60 

0 

0 

0 





1 

of water in yeast 
of sugar 

1 

8 

1 

0 

2 

0 

71.40 

0 

69 

6 

0 

8.70 


of dry yeast 

0 

4 

6 

9.30 






of sugar 
of yeast 

28 

0 

0 

12 

0 

4 

0 

59.00 

28 

12 

4 

59.00 

Azote of yaast 





0 

0 

5 

2.94 





Total 

510 

0 

0 

0 


Having thus accurately determined the na- 
ture and quantity of the constituent elements 
of the materials submitted to fermentation, we 
h^ye next to examine the products resulting 
from timt process. For this purpose, I placed 
the above 510 lbs, of fermentable liquor in a 
proper^ apparatus, by means of which I could 
accuratdy determine the quantity and quality 
of gas disengaged during the fermentation, and 
could even weigh every one of the products 
^paratdy, at any period of the process I judged 
prpper. An hour or two after the substances 
are inixed together, especially if they are kept 
in a ten^rature of from 15® (65.75®) to 18® 

above apparatus is described in the Third 
Partw— Ainsoa. 


(72.5®) of the thermometer, the first marks of 
fermentation commence; the liquor turns thick 
and frothy, little globules of air are disengaged 
which rise and burst at the suiiace; the quan- 
tity of these globules quickly increases, and 
there is a rapid and abundant production of 
very pure carbonic acid,, accompanied with a 
scum which is the yeast separating frpm the 
mixture. After some days, less or more accord- 
ing to the degree of heat, the intestine motion 
and disengagement of gas diminiiE^; but these 
do not cease entirely, nor is tfie fermentation 
completed for a consid^saUe time. During the 
luo^ss, 35 lbs, 5 oz. 4 pros 19 gys. ai diy cai^ 
bonic acid are disengag^, which carry, idmgst 
with them 13 Zi>a. 5 pros of wt^r.i’Ihei^ 



positB a portion of yeast. When we senaratelv '»lcnlations and 

BoaJjweaU these sub8iamoe8,wWchis^^ “g^^lwdetaiWatlMiBiotheJJecuefi 

Table IV. Products of Femcntaium 

35 lbs, 5 os, 4 gros 19 grs, of 
carbonic acid, composed 
of 

408 lbs, 15 os, 5 gros 14 grs. 
of water, composed of 


57 lbs, 11 os, 1 gros 58 grs, of 
dry alcohol, composed 
of 


2 lbs, 8 os, of dry acetous 
acid, composed of 

4 Z5«, 1 os, 4 gros 3 grs, of 
residuum of sugar, 
composed of 

1 lb, 6 os, 0 gros 5 grs. of 
dry yeast, composed of 



tbs. 

os. 

gros grs. 

Oxygen 

25 

7 

1 

34 

Charcoal 

9 

14 

2 

57 

Oxygen 

47 

10 

0 

59 

Hydrogen 

Oxygen, combined 

61 

5 

4 

27 

with hydrogen 31 

Hydrogen, combined 

6 

1 

64 


with oxygen 6 g 

Hydrogen, combined 
with charcoal 4 Q 

Charcoal, combined 
with hydrogen 16 11 

Hydrogen 0 2 

Oxygen 1 n 

Charcoal 0 

Hydrogen 0 

Oxygen 2 9 

Charcoal 1 2 

Hydrogen 0 2 

Oxygen 0 13 

Charcoal 0 6 

Azote 0 0 


5 
4 
4 

10 0 
5 1 

7 
2 
2 
1 
2 
2 


63 

0 

0 

0 

67 

27 

53 

41 

14 

30 

37 


510 lbs. 


Total 510 0 0 

Table V. Recapitukdion of the Products 


409 lbs, 10 os. 0 gros 54 grs, 
of oxygen contained in 
the 


28 lbs. 12 os. 5 gros 59 grs. 
of charcoal contained in 
the 


71 lbs, 8 os. 6 gros 66 grs. of 
hydrogen, contaiiu 
the 


Water 

lbs. 

os. 

gros 

grs. 

347 

10 

0 , 

59 

Carbonic acid 

25 

7 

1 

34 

1 . Alcohol 

31 

6 

1 

64 

1 Acetous acid 

1 

11 

4 

0 

Residuum of sugar 

2 

9 

7 

27 

Yeast 

0 

13 

1 

14 

CArbonic acid 

9 

14 

2 

57 

Al^hol 

16 

11 

5 

63 

1 Acetous acid 

0 

10 

0 

0 

Residuum sugar 

1 

2 

2 

53 

Yeast . 

0 

6 

2 

30 

Water 

61 

5 

4 

27 

Water of the alcohol 
• Combined |^th the 
charcoal of the , id- 

5 

8 

5 

3 

cohol 

4 

0 

5 

0 

Acetous acid 

0 

2 

4 

0 

Residuum^ of sugar 

0 

5 

1 

67 

, Yeast ' ' ‘ 

0 

2 

2 

41 

of azote in the^yeast 

0 

0 

2 

37 

1 . 

0 

0 ; 

0 

D 
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In these results 1 haire been exact, eeeu to 
grams; not that it is possible, in experiments 
m this nature^ to carry our accuracy so far, but 
as the experhnents were made only with a few 
pounds of sugar, and as, for the sake of com* 
parison, I redact the results of the actual ex- 
periments to the quintal or imaginary hundred 
pounds, I thought it necessary to leave the 
fractional parts precisely as produced by cal- 
culation. 

When we consider the results presented by 
these tables with attention, it is easy to dis- 
cover exactly what occurs during fermentation. 
In the first place, out of the 100 Iba. of sugar 
employed, 4 lbs, 1 oz, 4 gros 3 grs, remain, with- 
out having suffered decomposition; so that, in 
reality, we have only operated upon 95 lbs. 14 
oz, 3 groa 69 grs, of sugar; that is to say, upon 
61 Iba, 6 oz, 45 grs. of oxygen, 7 lbs, 10 oz, 6 gros 
6 grs, of hydrogen, and 26 lbs, 13 oz, 5 gros 19 
grs, of charcoal. By comparing these quanti- 
ties, we find that they are fully sufficient for 
forming the whole of the alcohol, carbonic 
acid and acetous acid produced by the fer- 
mentation. It is not, therefore, necessary to 
suppose that any water has been decomposed 
during the experiment, unless it be pretended 
that the oxygen and hydrogen exist in the 
sugar in that state. On the contrary, I have al- 
ready made it evident that hydrogen, oxygen 
and charcoal, the three constituent elements of 
vegetables, remain in a state of equilibrium or 
mutual union with each other which subsists 
so long as this union remains undisturbed by 
increased temperature, or by some new com- 
pound attraction; and that then only these ele- 
ments combine, two and two together, to form 
water and carbonic acid. 

The effects of the vinous fermentation upon 
sugar is thus reduced to the mere separation of 
its elements into two portions; one part is oxy- 
genated at the expense of the other sp to 
form carbonic add, whilst the other part, be- 
ing disoxygenated in favour of the former,, is 
converted into the combustible substaacea^ 
hoi; therefore, if it were possible to reunite al- 
cohol and carbonic acid together, we ought to 
form sugar. It is^d^t that the charcoal and ‘ 
hydrogen in the alcohol do not exist In, this 
state of oil. They are combined with a Ifjortion 
of oxygen, whidn renders them miscible with 
water; wherefore these three substances’ oj^y- 
g^, hydrogen, aiid diarcoal, exist here 
wise in a species of equiilbriqm or recipjtpqai 
cmnbinatlon; and in fact, when they are made 
to pass through 4 i. red‘ hot tuba of ^ass or por- 


celain, 'this wHon w equilibrium' is detiiknjfudi 
thael^ents become corniced, end two^ 
and water and carbonic held are foinred. 

1 had formally advanced,' in first Mim^ 
oires upon the formation of water, that it was 
decomposed in a great number of chemical ex- 
periments and particularly during the vinous 
fermentation. 1 then supposed that water ex- 
isted ready formed in sugar, though I am now 
Gon^dneed that sugar only contains the ele- 
ments proper for composing it. It may be read- 
ily conceived that it must have cost me a good 
deal to abandon my first notions, but by sev- 
eral years reflection, and after a great number 
of experiments and observations upqfn vege- 
table suljsfances, I have fixed my Meas as 
above. \ 

I shall finish what I have to say upoi» vinous 
fermentation by observing that it furnishes us 
with the means of analysing sugar and\every 
vegetable fermentable matter. We ma^^ con- 
sider the substances submitted to fermenta- 
tion, and the products resulting from that op- 
eration, as forming an algebraic equation; and, 
by successively supposing each of the elements 
in this equation unknovm, we can calculate 
their values in succession, and thus verify our 
experiments by calculation, and our calculation 
by experiment reciprocally. I have often Isuc- 
cessfully employed this method for correcting 
the first results of my experiments and to direct 
me in the proper road for repeating them to 
advantage. I have explained myself at large 
upon this subject, in a Memoirs upon vinous 
fermentation already presented to the Acad- 
emy which will speedily be published. 

CHAPTER XIV 

Of the Putrefactive FerrnentaHon 

Thx phenomena of putrefaction are caused, 
like those^ of vinous fermentation, by the oper- 
ation of very coipplicated affinities. The con- 
stituent elements of the bodies submitted to 
this process cease to continue in equilibrium in 
the threefold combination and form themselves 
anew into binary combinations, or compounds, 
consisting of ? two elements only; but these are 
entirely different from the results produced by 
the vinous fermentation. Instead of one part of 
the hydrogen remaining united with part of 
the water and charcoal to form alcohol, as in 
the vinous, fermentation, the whole of the hy- 
drogen is dissipated, during putrefaction, in 
the form of hydrogen at the same 
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fhi^ aisid ^bifcoal; idtb 

kACBM^xihe fomi^f oafl^ic ga^$ 

so^thkywlimllie whd^'intye^ la fitd^^;W 
pe«ilaUy if lito materials have been miked with 
a Mffioient Quantity 6f water, ndthing remains 
but the earth of f&e vegetable mix^ vith a 
smafi ^mtion of icharboel asifd iron, thus pu- 
trefi^etion is nothing more than a complete 
analysis of ve^table substance, during which 
the whole of the constituent elements is disen- 
gajgedin form^of gas> exc^pi the earth which 
remains in the state of mould.^ 

Such is the result, of; putrefaction when the 
substances submitted io it contain only oxy- 
gon, hydrogen, charcoal and a little earth/JBut 
this case is rare, and these snb^ap^ putrify 
imperfectly and with difficulty, and require a 
consideraUe time to complete their putrefac* 
tion. It is otherwise with subkances contain- 
ing asote, which’ indeed exists in all animal 
mattens and even in a considerable number Of 
vegetable substances. This additional element 
ia remarkably favourable to putrefaction; and 
for this reason animal matter is mixed with 
vegetable when the putrefaction of thek is 
wished to be hastened. The whole art of form- 
ing composts and dunghills, for the purposes of 
agriculture, consists in the proper application 
of this admixture. ' 

The addition of azote to the materials of 
putrefaction- not only accete*ate6 the process; 
that element likewise combines w^lh part of 
the hydrogen and forms a new substance called 
volatile alkali or amnumia. The results obtained 
by analysing animal matters, by different proc- 
esses, leave no ro(»n for doubt with regard to 
the constituent elements of ammonia; when^ 
ever the aze^ has been previously separated 
from these substances, no ammonia is tko- 
duced; and in all cases they furnish- ammonia 
only in pro|X)rticin to the azote they contain,^ 
This composition of aimmnia is likewise fUUy 
proved by M. BerthoUet, in Reeueil de 
VAcgtdime for 1786^ p. >816, where he ipves a 
variety of analj^ical processes by whfoh anW 
monk is 'decomposed and its two etemi^ts,^ 
azote and hydm^, '-pioeuied sepaniMy; « ' 

I maationed /in' Chapter X tl^t Mmost all 
combustible bodies were cabbie of cabining 
with ' each other/'Hydro^' gas posski8es1;hi8 
quality 'in an eminent degree^; it dissolves 
cMxd, Wphur, and phos^rus, produoing the 
^mpoui^ nmned ga»; 

\ ' Tf i ,V’ ‘ 1 K ,1/i. * / < '' 

3k tte Third Bart given the 

ho^ ubM k experiments of 


sulphurated 

drogen pas. The two latter of t^ese gases have a 
peculiarly disagreeable flavour; the sulphur- 
ated hydrogen gias has a strong re8end)iance 
to the smell Of rotten eggs, and the 
ated smetis exactly like putrid fish. Anuria 
has likewise a peculiar odour, not less pene- 
trating or less (^greeable than these other 
^sesi'From the mixture of thb^ different 'fia-^ 
vours proceeds the fetor which aoeotnpanles 
the putrefaction of animal substanoesi Some^ 
times ammonia predominates, which is easi^ 
peiorived by its sharpness upon the eyes'; 
sometimes, ^ in feculent matters, the sulphur- 
ated gas is inost’prevalent; and sometimes, as 
in putridherrhigs, the phosphorated hydre^^en 
gas is most abundant. 

t long supposed that nothing eodd derange 
or interrupt the course of putrefaction; hut Mv 
Fourcroy and M. Thouret have observed 
some peculiar phenomena in dead bodies, 
buried at a certain depth and pressed to a 
certain degree from contact with air, having 
found the muscular flesh frequently converted 
into true animal fat; This must have arisen 
from the disengagement of the azote, naturally 
contained in the animal substance, by some 
unknown cause, leaving only the hydrogen 
and charcoal remaining, which are the ele- 
ments proper ior producing fat or oil. This ob- 
servation upon Ihe possibility of converting 
animal substances into fat may some time or 
other lead to discoveries of great importanee 
to society. Tte faeces of animals, and other ex-i 
erementitious matters, are chiefly composed of 
charcoal and hydrogen and approach consider-' 
ably to the nature (d oil, of wl^h they fuinMi 
a considerable quantity by distillation w^ a 
naked fire; but the intolerable fetw which ac-' 
ccanpsnies'uii the products of these substances 
prevents our expecting at least for a long 

time, they can ^rendered useful in any Ofhwr 
way than as^ manures. 

I have only given conjecturd approidma-^ 
tiems 'in this chapter upon the cdmp^loh Of 
animal ekbstanc^ which is hitherto hn% inn^' 
perfectly understood. We know that they arO 
coinpos^ > bydroyeh, charcoal, azote, 

^ of which, in a state nf 
quiMuptecckflmiatl^ are brought to thestate 
of oxides by alatger or smaller 
geh. We are/ however, still unacquai&^ '^th 
the proi^tions in which these substances are 
combing; and^lnust leave it to time to ccmxi- 
ptets- tUs'part chemical analysis^ as it haS’ 
already^doik with several others. 
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CHAPTfB XV 

Cff the AcetouB f ermeviaJ^^ 

This acetous fermentation is nothing more 
than the acidification or oxygenation of wine, 
produced in the open air by means <A the ab- 
sorption of oxygen. The resulting acid is the 
acetous acid, commonly called vinegar, which 
is composed of hydrogen and charcoal united 
together in proportions not yet ascertained 
and changed into the acid state by oxygen. As 
idnegar is an add, we might conclude from 
analogy that it contains oxygen, but this is put 
beyond doubt by direct experiments: in the 
first i^ce, we cannot change wine into vinegar 
without the. contact <rf air containing oxygen; 
secondly, this process is accompanied by a di- 
minution of the volume of the air in which it is 
carried pn from the absorption of its oxygen; 
and, thirdly, wine may be changed into vinegar 
by any other means of oxygenation. 

Indep^dent of the proofs which these facts 
famish of the acetous acid being produced by 
the oxygenation of wine, an experiment made 
by M. Chaptal, Professor of Chemistry at 
Montpellier, gives us a distinct view of what 
takes place in this process. He impregnated 
water with about its own bulk of carbonic acid 
from fermenting beer and placed this water in 
a cellar in vessels communicating with the air, 
and in, a short time the whole was converted 
into acetous acid. The carbonic acid gas pro- 
cured from beer vats in fermentation is not 
perfectly pure but contains a small quantity of 
alcohol in solution, wherefore water impreg- 
nated with it contains all the materials neces- 
sary for forming the acetous acid. The alcohol 
fiurnishes hydrogen and one portion of char- 
coal, Uie carbonic acid furnishes oxygen and 
the rest of the charcoal, and the air of the at- 
sansphere furnishes the rest of the oxygen nec- 
essSiy lor changing the mixture into acetous 
acid. From this observation it, follows that 
nothing but hydrogen is wanting to convert 
qarbor^ add into acetous acid; or more gen- 
erally that, by means of hydrogen and accord- 
ing to the degree of oxygenation, carbonic acid 
may be changed into alh^ vegetable acids; 
and,^ on the ccmtrary, lhat, by depriving any 
Qi the vegetable aci^ of thedr hydrogen, they 
may be epnv^rted, into carbonic acid. 

peindpal facts relating to the 
aoctims acid weB tamwn, yet numerical ex- 
actitude h still wanting, till furnished by more 
e?!act^3i^eyimentsth^^ 

whcapefixre I shall not enlarge my farther ' upon 


the subject. It is sufiiciently E^own by what 
has been said that the constitution of all the 
vegetable acids and oxides is exactly conform- 
able to the formation of jvinegar; but further 
experiments are necessary to teach us the pro- 
portion of the constituent dements in ail these 
acids and oxides. We jtnay easily perceive, how- 
ever, that this part of chemistry, like all the 
rest of its divisions, makes rapid progress to- 
wards perfection, and that it is ^ready rendered 
greatly more simple than was formerly believed. 

CHAPTER XVI 

Of ike FortMion of Nevird SdUe and bf their 

Differed Bases \ 

Wb have just seen that all the oxides and adds 
from the animal and vegetable kingdoms are 
formed by means of a small number of ^ple 
elements, orat least of such as have not h^her- 
to been susceptible of decomposition, by means 
of combination with oxygen; these ate azote, 
sulphur, phosphorus, charcoal, hydrogen, and 
the muriatic radical. We may justly admire 
the simplicity of the means employed by na- 
ture to multiply qualities and forms, whether 
by combining three or four acidifiable bases in 
different proportions or by altering tile dose of 
oxygen employed for oxidating or acidifying 
them. We shall find the means no less simple 
and diversified, and as abundantly productive 
of forms and qualities, in the order of bodies 
we are now about to treat of. 

Acidifiable substances, by combining with 
oxygen and their consequent conversion into 
acids, acquire, great susceptibility of further 
combination; they become capable of uniting 
with earthy and metallic bodies, by which 
means neutral salts are formed. Acids may 
therefore be eonsidered as true sdifying prin- 
ciples, and the substances with which they 
unite to. form neutral salts may be called sdir 
fiabU bases. The nature of the union which 
these two principles form with each oth^ is 
meant ad the subject of tiie present ichapter. 

This view of the acids prevents me from con- 
sidering them'as. salts, though they are pos- 
sessed of many of the principal properties of 
saline bodies, as solubility io water, have 
alre&dy observed that they are the result bf a< 
first onler of combinatiem, bting composed of 
two simple etements^ or a.t least of laments 
which act as if they were simple, and we may 
thez^dSte tiiem, me tbd ;Uqgaa||b of 
Stahl, in the order ci mixts, ncHitral satts, 
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6ii tW cantoty, are of secondary order of 
combination, behig formed by the u^on of ttm 
mixta with each other, and .may therefore be 
termed compounds. Hence I shall not arrange 
the aUralies^ or earths in the class of salts, to 
whicli'l allot only such as are composed of an 
oxyi^enated substance united' to a base. 

1 nave already enlarged sufficiently upon the 
formation of acids in the preceding chapter 
and shall not add anything further upon that 
subject; but having as yet given no account of 
the sali^ble bases which are capableof uniting 
with them to form neutral salts, I mean in this 
chapter to give an account of the nature and 
origin of each of these bases. These are potash, 
soda, ammonia, lime, magnesia^ barytes, ar- 
gill, and all the metallic bodies. 

Of Potash 

We have already shown that, when a vege- 
table substance is submitted* to the action of 
fire in distilling vessels, its component elements, 
oxygen,' hydrogen, and charcoal, which formed 
a threefold combination in a state of equilib- 
rium, unite, two and two, in obedience to affin^ 
ities which act conformably to the degree of 
heat employed. Thus, at the first application 
of the fire, whenever the heat produced ex- 
ceeds the temperature of boiling water, part of 
the oxygen and hydrogen unite to form water; 
soon after, the rest of the hydrogen, and part 
of the charcoal, combine into oil; and, lastly, 
when the fire is pushed to red heat, the oil and 
water, which had been formed in the early part 
of the process, become again decomposed, the 
oxygen and charcoal unite to form carbonic 
acid, a large quantity of hydrog^ gas is set free, 
and nothing but charcoal remains in the retort. 

A great part of these phenomena occur dur- 
ing the combustion of vegetables in the open 
air; but, in this case, the presence of the air in- 
troduces three n^w substances, the oxygen and 
azote of the air, and caloric, of which two at 
least produce considerable changes in the re- 
sults of the operarion. In proportion as the hy- 
drogen of the vegetable, or that which results 
from the decomposition of the water, is forced 
out in the form of hydrogen gas by tho inogress 
of the fire, it is set on fire immedmidy upcm 
getting in contact with the air, watw is agedn 

i Perhaps my thus rejecfing the alkaUes from^^e 
.dan of sailto'may be consider^ as a capital dele^ in 
the method I have adoptedi and I am ready to admit 
the charge; biit^^^is ineonvextienoe is oompe^ted 
by so many advantagee, that I could not think it ol 
sufficient confl^quenM to make me alter my plan.— 
Ammon. 


farmed, and the greateir part of the cabriobi 
the two gases booming free produces flame. 
When all the hydrogen gas is driven out, burnt; 
and again redueed to water, the remaining 
charcoal continues to bum, but without flame; 
it is formed into carbonic acid, which carries oi! 
a portion of caloric sufficient to give it the 
eous form; the rest of the caloric, from the oxy- 
gen of the air, being set free, produces the heat 
and light observed during the. combustion of 
charcoal. The whole vegetable is thus reduced 
into water and carbonic acid, and nothing 
mains but a small portion of gray earthy mat^ 
ter called ashes, being the only really fixed 
principles which enter into the constitution of 
vegetables. 

The earth, or rather ashes, which seldom ex- 
ceeds a twentieth part of the weight of the veg- 
etable, contains a substance of a particular na- 
ture, known under the name of fixed vegetable 
alkali or potash. To obtain it, water is poured 
upon the ashes, which dissolves the potash and 
leaves the ashes which are insoluble; by after- 
wards evaporating the water, we obtain the 
potash in a white concrete form : it is very fixed 
even in a very high degree of heat. I do not 
mean here to describe the art of preparing pot- 
ash, or the method of procuring it in a state of 
purity, but have ^tered upon the above detail 
that I might not use any word not previously 
explained. 

The potash obtained by this process is al- 
ways less or more saturated with carbonic acid, 
which is easily accounted for. As the potash 
does not form, or at least is not set free, but in 
proportion as the charcoal of the vegetable is 
converted into carbonic add by the addition of 
oxygefi, either from the air or the water, it fol- 
lows that each particle of potash, at the instant 
of its formation, or at least of its liberation, is 
in contact with a particle of carbonic acid, and, 
as there is a considerable affinity between these 
two substances, they naturally combine to- 
gether. Although the carbonic acid has less af- 
finity with potash than any other add, yet it 
is difficult to separate the last portions i^fn it. 
The most usual method of accomplishi^ thia 
is to dissolve the potash in waters to this solu- 
tion add twoor th^ tim^ its wdght of quick- 
Ume) then filtrate the liquor and evaporate it 
in close vessds; the saline substance l^ by the 
evaporation is potash almost entirely deprived 
of carbonic acid. In this state it b sduble in mi 
equal weight of water, &nd even attracts the 
moisture of the air with peat avidity; by tide 
property it furnishes us with ahexodImKt m e asii 
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a mideniigidt gM isy. them to 

ite aetion. !^ this state it is aojiuble ia aleohol, 
tho]igfa.tiot whea combiaed wi^ oarboaioacid; 
sad BerthoUet employs thi8> property as a 
siethod of j)t!Ocuriag potash in the state of per- 
fect purity. ^ 

^ > All vegetables yield lessor more of poti^ia 
conseqiieace of combustioa, but it is furaished 
m various degrees of purity by different v^e- 
tables; usually, indeed, from all of them it is 
mixed with different salts frbm which it is easi- 
ly ^separaUe. We can hardly entertain a doubt 
iuuit the ariies or earth which is left by.vege- 
tabks ia oomliaistion pre-existed in them be- 
fore. they were btimt, forming what may be 
called the skeleton or osseous part of the veg- 
etable. But it is quite otherwise with potash; 
this substance h^ never yet been procured 
from vegetables but by means of processes or 
mterme^a capable of furnishing oxygen and 
asote^ such as combustion, or by means of ni- 
tric add; so that it is not yet demonstrated 
that pot^ may not be a produce from these 
operations. I have begun a series of experi- 
ments upon this object and hope soon to be 
able to give an account of their results. 

Of Soda 

Soda, like potash, is an alkali procured by 
lixiviation from the ashes of burnt plants, but 
only from those which grow upon the seaside, 
and espedally from the herb Mt, whence is de- 
rived the mmo aUeali given to this substance 
by the Arabians. It has some properties in com- 
mon with potash and others which are entirely 
different. In ^eral; these two substances have 
peculiar ohanu^rs in their saline combinations 
which are proper to each and consequently dis- 
tinguidi them fromeach other ; thus soda, which, 
88 Stained from marine plants, is . usually en- 
tire^ saturated with carbonic add, does not at- 
tract tibe humidity of the atmosphere like pot- 
adi, but, on thenkmtrary, desiccates, its crystds 
cffiocesoe and are converted into a white pow- 
der havmg all the propertieB of soda, which it 
really is^having c^y loet its water of crystal- 
liaiBitiom' 

We aremot better acquainted with the con- 
stitumt dements of io^ than with those, of 
potadi, bdng equallyi litnertam whether it 
furiously existed <ve^y formed in the Wsge- 
idriecnr is a combination of dements effect 
by ccairi^dstion. Analogy leads us to suspect 
totasdn is a eonstitueni dement of all the 
sSlalldB , as'is the case with ammonia; but we 
i nmy sli^t presumptions,^ unconfirmed 


ly any depidve 

Compodti<m of potash apdfc^^ , 

Wehaye, however, very acourataknpiyledlge 
of the composition of ammonia, or volatile al* 
kali as it is called by the dd chemists. Ber- 
thoUet, in .the Becueil de V4^ixul6me for i7S4, 
p. 316, has proved byanalyepe, that 1009 parte 
of this substance consist of about gp7 parts of 
azote combined with 193 pairts of hydrogen^ 

Ammonia is chiefiy; procurable {romiauunal 
substances by distillation, during which proc- 
ess the azote and hydrogen necessary to itsfor- 
mation unite in proper proportions; ^ is not, 
however, procur^ pure by this prooeui being 
mixed with oil and water and mostly s&urated 
with carbonic acid. To separate thde sub- 
stances it is first combined with an a^d, the 
muriatic for instance, and then disengaged 
from that combination by the addition m lime 
or potash. When ammonia is thus produced in 
its greatest degree of purity, it can only exist 
under the gaseous form, at least in. the usual 
temperature of the atmosphere; it has an e:^- 
oessively penetrating smell, is absorbed in 
large quantities by water, especially if cold and 
assist^ by compression. Water thus satumted 
with ammonia has usually been termed vf^aUle 
alkaline fiiwr; we shall call it either simply ai»^ 
tnonia, or liquid amnumiaf and amimnAacalgaa 
when it exists in the aeriform state. 

0/ Lime, Magnesia, Barytes, and Argill 

The composition of these four earths is total- 
ly unknown, and, until by new discoveries their 
constituent elements are ascertained, we are 
certainly authorised to consider them as siinpl^ 
bodies. Art has no share in the production of 
these earths, as they are all procured ready 
formed from nature; but, as they have all, es- 
perially the three first, great tendency to com- 
binatipn, they are never found pure. Lime is 
usually , saturated with carbonic acid in the 
state of chalk, calcareous spars, most pf the 
marbles, &e.; sometimes with sulphuric acid, 
as in gypsum and plaster stones; at pthfo* times 
with fluoric acid forming vitreous or |lup]r spars ; 
and, lastly, it is found in tito waters of the^ 
and of saline sprini^, cca)cd>ined withmuriqlic 
acid. Of all the salifiable bases it is the most 
universally spread through natum ; ^ ^ 

Magnesia is found in 

most part combined witb'sulphuric Is 
Hke^se abundant fn sea-water, united 
muriatic acid; and it e^ts in k grdat 'nU^^ 
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of ^ 

Barytiesi is ttiueh less than tho thuoe 

pr^ssditig is f^irnd nnnend 

kingdom, combined mih sulphnric add, form- 
ing heavy spars,, and sometimes, though rarely, 
uiSt^ cai^o^c i^d. 

Argili, or the base of alum, having l^s tend- 
ency to combination than the other'i^rths, is 
often found in the state of argili, uiicombined 
with any acid. It is chie% procnrable from 
clays, of which, properly speaking, it is t6e 
bai^ or chief ingredients 

Of MeiaUic Bodies 

The metals, except gold and sometimes sil- 
ver, are rarely found in the inineral kingdpm in 
their metallic state, being i^sually less or more 
saturated with oxygen, or combined with sul- 
phur, arsenic, sulphiiric acidj muriatic acid, 
carbonic acid, or phosphoric acid. Metallurgy, 
or the docimastic art, teaches the means of 
separating them from these foreign matters; 
and for this puipose we refer to such chemical 
books as treat upon these opeiations. 

We are probably only acquainted as yet 
with a part of the metahic substances existing 
in nature, as all those which have a stronger 
affinity to oxygen than charcoal possesses are 
incapable of being reduced to the metallic 
state and, consequently, being only presented 
to our observation under the form of orides, 
are confounded with earths. It is extremely 
probable that barytes, which we have just 
now arranged with earths, is in this situation; 
for in many experiments it exhibits proper- 
tied nearly approaching to those of me^lic 
bodies* It is even possible that all the sub- 
stances we eall earths may be only metallic 
oxides, irreducible by any hitherto known 
process. 

Those metallic bodies we are at present ac- 
quainted with, and which we can reduce to t^ 
metallic or reguline state, are the following 
seventeen: 

1. Arsenic 7. Bismuth 13. Copper 

2. Molybdenum 8. Antimony 14, Merouiy^ 

3. Tungstoi 9. Zinc > 15. Sily^ 

4. Manganese 10. Iron IQ. TlaUnnm 

6. Nickd U. T\a 

6. Cobalt 12. 

I only mean to consider these a^&Ue 
bases, without entering at all the crmsid- 
eraticm of their propei^to in the arts ahd for 
the uses pt society, in thefe points of ^ewe^h 
metal would require aeoriiplete treatise, ^hiOh 


woiM leadmefaar beyond the^^ havo 
prescribed for this work. 

CHAPTER XVH 

Conti^v<ftion of the , Observations: upon SalificAb 
Bases an^^FormcUion of NeidralSaU^^ 

It is neoessairy to remark that earths’ and si-* 
kalies unite with acids to form neutral s^ts 
without the intervention of any medium, where- 
as metallic substances are incapable of forming 
this combination without being previoosb^ less 
or more oxygenated; strictly speaking, there- 
fore, metals are not soluble in acids but only 
metalUc oxides. Hence, when we put a metal 
into an acid fm* solution, it b necessary, in the 
first place, that it become oxygenated, either 
by attracting oxygen frc»n the acid or from the 
water; or, in other words, that a metal canndt 
be dissolved in an acid unless the oxygen, dither 
of the acid or of the water mixed with it, has 
a stronger affinity to the metal than to the hy* 
drogen or the acidifiablebase ; or, whidh amoimts 
to the same thing, that no metallic solution 
can take place without a previous decompose 
tion of theviratcffcor the acid in which it b nmd4i 
The expbnation of the principal phenomena of 
metallic solution depends entirely upon thb 
simple observation, which was overlook even 
by the illustrious Bergman. > ^ 

The first and most striking of these b ths ef- 
fervesc^ee, or, to speak less equivocally, the 
disengagement of gas which takes place during 
the solution; in the sedations made in nitrid 
acid thb ^ervescenoe b produced by the dbf 
engagement of liitrous gas; in solutions with 
sulphuric acid it b either sulphurous acid gas 
or hydrogen gas, acconMng as the oxidatidn of 
the metal happens to be made at ihe expense 
of the sulphuric acid or of the water. As both 
nitric acid and water are composed of dbmenb 
which, when separate, can only exist in tiis 
gaseous form, at least in the common t^sapera^ 
ture of the atmosphere, it b evident that^ iv^nr 
ever either of these b deprived of its oxygen, 
the reniaining element instantly expi^ 
and assume the state of gas; the effervescence 
b occasioned by tiib sudden ccmyeiriidn froin 
the liquid to the gaseous state. The ecmedar 
composition, and oonsequaal^foflsnatioA^^^^ 
talub place when splurions of 
inanl^udb acid: generkl, 
humid way, metab do not attn^tsdl.ttke iCKy^ 
gen it contains; they therefore rediiob itf not 
into Bul^har;hut into sulplteoiu aeid^ and as 
<hb add can only exbt as gsaia the timal 
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perature it is disengaged tod occasions cfier* 
vescence. * 

The second phenomenon is that when the 
metals have been previously otidated they all 
dissolve in acids without effervescence. This is 
eai^ly explained; because, Hot having now any 
occasion for combining with oxygen, they nei- 
ther decompose the acid nor the water by 
which, in the former case, the effervescence is 
occasioned. 

; A third phenomenon, which requires partic- 
ular consideration, is that none of the metals 
produce effervescence by solution in oxygen- 
ated muriatic acid. During this process the 
inetal, in the first place, carries off the excess of 
oxygen from the oxygenated muriatic acid, by 
wUch it becomes oxidated, and reduces the 
add to the state of ordinary muriatic acid. In 
this case there is no production of gas, not that 
the muriatic add does not tend to exist in the 
gaseous state in the common temperature, 
which it does equally with the acids formerly 
mentioned, but because this acid, which other- 
wise would expand into gas, finds more water 
combined with the oxygenated muriatic acid 
tidn is necessary to retain it in the liquid form ; 
hence it does not disengage like the sulphurous 
add, but remains and quietly dissolves and 
combines with the metallic oxide previously 
formed from its superabundant oxygen. 

The fourth phenomenon is that metals are 
absolutely insoluble in such acids as have their 
bases joined to oxygen by a stronger affinity 
than these metals are capable of exerting upon 
that acidifying prindple. Hence silver, mer- 
cury, and lead, in their metallic states, are in- 
Boluble in muriatic acid, but, when previously 
oxidated, they become readily soluble without 
effervescence. 

From these phenomena it appears that oxy- 
gto is the bond of union between metals and 
adidstand from this we are led to suppose that 
oxygen is contained in all substances which 
have a strong affinity with acids. Hdnce it is 
very probabte the four eminently salifiable 
earths contain oxyg^, and their capability of 
tmiting with adds is pioduced by the mterme- 
diation of that element. What I have formerly 
noticed relative to^these earths is considerably 
shtogthened by the above considerations, viz. 
ihat th^ may very possibly be metallic oxides^ 
wtth which oxygen has a stronger affinity than 
with charcoal^ and consequently not reducible 
hy ahy toown mean^^^ 

' Attache adds Mtherto knownwre enumerated 
foBov^gtaUe^ the first Column of which 


contains the names of the adds acomffing to 
the new nomenclature, and in the second col^ 
umn are placed the bases or radicals of these 
acids, with observations. : 


Names of 
the Adda 
1. Sulphurous 
.2. Sulphuric 

3. Phosphorous 

4. Phosphoric 

5. Muriatic 

6. Oxygenated 

muriatic 

7. Nitrous* 

8. Nitric 

9. Oxygenated 
nitric 


Nmm of. the with 
Oiaervatiani 

Sulphur 

Phosphorus 

Munatic radical or base, 
hitherto unknown 

I 

Azote 


10. Carbonic Charcpal 


11. Acetous 

12. Acetic 

13. Oxalic 

14. Tartarous 

15. Pyro-tartarous 

16. Citric 

17. Malic 

18. Pyro-lignous 

19. Pyro-mucous 

20. Gallic 

21. Prussic 

22. Benzoic 

23. Succinic 

24. Camphoric 

25. Lactic 

26. Saccho-lactic 


The bases or radicals of all 
these acids seem to belformed 
by a combination of charcoal 
and hydrogen; and the only 
difference seems to be owing 
to the different proportions in 
which these elements combine 
to form their bases, and to the 
different doses of oxygen in 
their acidification. A connect- 
ed series of accurate experi- 
ments is still wanted . upon 
this subject i 

Our knowledge of the bases 
of these acids is hitherto im- 
perfect; we only know that 
they contain hydrogen and 
charcoal as principal elements, 
and that the prussic acid con- 
tains azote 


27. Bombic 

28. Formic 

29. Sebacic 

30. Boracic 

31. Fluoric 

32. Antimonic 

33. Argentic 

34. Arseniac 

35. Bismuthic 

36. Cobaltic 

37. Cupric 

38. '’Sttonio 

39. Ferric 

40. Munganio 

41. Mercuric 

42. Molybdic 

43. Nickolic 

44. Auric 

45. Platihic 

46. Flumbio ^ 
47^ Tun^ic 
48. Zittcie 


The base of those and all the 
acids procured from animal 
substances seems to consist of 
charcoal, hydrogen, phosphor- 
us, ^d azote 

The bases of these two are 
hitherto entirely unknown 

Antimony 
Silver 
Arsenic 
Bismuth 
Cobalt 
* Coffper 
Tin ' ^ 

Iron 

Manganese 
Mercury 
Molybdenum 
, Nickel 
Gold 

Flatinuni ^ 

Leid 

Tungsten 

Zinc 
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In this list, which contains 48 acids, I have 
enumerated 17 metallic acids hitherto very im- 
perfectly known, but upon which M. Ber- 
thollet is about to publish a very important 
work. It cannot be pretended that all the acids 
which exist in nature, or rather all the acidih- 
able bases, are yet discovered; but, on the 
other hand, there are considerable grounds for 
supposing that a more accurate investigation 
than has hitherto been attempted will diminish 
the number of the vegetable acids by showing 
that several of these, at present considered 
as distinct acids, are only modifications of 
othem. All that can be done in the present 
state of our knowledge is to give a view of 
chemistry as it really is and to establish fun- 
damental principles by which such bodies 
as may be discovered in future may re- 
ceive names in conformity with one uniform 
system. 

The known salifiable bases, or substances 
capable of being converted into neutral salts by 
union with acids, amount to 24; viz., 3 alkalies, 
4 earths, and 17 metallic substances; so that, 
in the present state of chemical knowledge, the 
whole possible number of neutral salts amounts 
to 1152. This number is upon the supposition 
that the metallic acids are capable of dissolving 
other metals, which is a new branch of chem- 
istry not hitherto investigated, upon which de- 
pends all the metallic combinations named 
vUreov^, There is reason to believe that many 
of these supposable saline combinations are 
not capable of being formed, which must greatly 
reduce the real number of neutral salts produc- 
ible by nature and art. Even if we suppose the 
real number to amount only to five or six hun- 
dred species of possible neutral salts, it is evi- 
dent that, were we to distinguish them after 
the manner of the ancients, either by the names 
of their first discoverers or by terms derived 
from the substances from which they are pro- 
cured, we should at last have such a confusion 
of arbitrary designations as no memory could 
possibly retain. This method might be toler- 
able in the early ages of chemistry, or even till 
within these twenty years, when only about 
thirty species of salts were known; but, in the 
present times, when the number is augmenting 
daily, when every new acid gives us 24 or 48 
new salts according as it is capable of one or 
two degrees of oxygenation, a new method is 
certainly necessary. Themethod wehaveadopt- 
ed, drawn from the nomenclature of the acids, 
is perfeistly analogical and, following nature in 
the simplicity of her operations, gives a na- 
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tural and easy nomenclature applicaUe to every 
possible neutral salt. 

In giving names to the different acids, we ex- 
press the common property by l^e genericai 
term add and distinguish each species by the 
name of its peculiar acidifiable base. Hence the 
acids formed by the oxygenation of sulphur, 
phosphorus, charcoal, <&c. are called sulphuric 
acid, phosphoric add, carbonic add, We 
thought it likewise proper to indicate the dif- 
ferent degrees of saturation with oxygen by 
different terminations of the same specific 
names. Hence we distinguish between sulphur- 
ous and sulphuric, and between phosphorous 
and phosphoric acids, &c. 

By applying these principles to the nomen- 
clature of neutral salts, we give a common term 
to all the neutral salts arising from the combi- 
nation of one acid and distinguish the species 
by adding the name of the salifiable base. Thus, 
all the neutral salts having sulphuric acid in 
their composition are named sidphates; those 
formed by the phosphoric acid, phosphates, &c. 
The species being distinguished by the names 
of the salifiable bases gives us sulphate of pair 
ash, sulphate of soda, sulphate of ammoniac, sulr 
phate of lime, sulphate of iron, &c. As we are ac- 
quainted with 24 salifiable bases, alkaline, 
earthy, and metallic, we have consequently 24 
sulphates, as many phosphates, and so on 
through all the acids. Sulphur is, however, sus- 
ceptible of two degrees of oxygenation, the first 
of which produces sulphurous and the second, 
sulphuric acid; and, as the neutral salts pro- 
duced by these two acids have different prop- 
erties and are in fact different salts, it becomes 
necessary to distinguish these by peculiar term- 
inations; we have therefore distinguished the 
neutral salts formed by the acids in the first or 
lesser degree of oxygenation by changing the 
termination ate into ite, as sulphites, phosphites, 
&c. Thus, oxygenated or acidified sulphur, in 
its two degrees of oxygenation is capable of 
forming 48 neutral salts, 24 of which are sul- 
phites, and as many sulphates; which is like- 
wise the case with all the acids capable of two 
degrees of oxygenation. 

It were both tiresome and unnecessary to 
follow these denominations through all the va- 
rieties of their possible application ; it is enou^ 
to have given the method of naming the vari- 
ous salts which, when once well understood, is 
easily applied to every possible combination. 
The name of the combustible and acidifiable 
body being once known, the names of the acid 
it is capable of forming, and of all the neutral 
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into, are most readily rememboed. Such as re- 
4{uiie a more c(Hnplete illustration of the meth- 
ods in whidi the new nomenclature is aiqdied 
will, in the second part of this book, find tables 
which contain a f uU enumeration of all the neu- 
tral salts and, in general, all the possible ch^- 
ioal combinations, so far as is consistent with 
the present state of our knowledge. To these I 
shall subjoin short explanations, containing 
the best and most sirnffie means of procuring 
the different spedes of acids, and some account 
of the general properties of the neutral salts 
they produce. 

I dudl not deny that, to render this work 
more complete, it would have been necessary 
to add particular observations upon each spe- 
des of salt, its solubility in water and alcohol, 
the proportions of add and of salifiable base in 
its composition, the quantity of its water of 
crystallization, the different degrees of satura- 
tion it is susceptible of, and, finally, the degree 
of force or afiinity with which the add adheres 
to the base. This immense work has been al- 


ready begun by MM. Bergman, Morvaau, 
Kirwan, and other cddbreted chemistB, but is 
hitherto only in a modoate state of advance- 
ment; even the prindples upon which it is 
founded are not perhaps suffidently accurate. 

These numerous details would have swelled 
this elem^tary treatise to much too great a 
size; besides that, to have gathered the neces- 
sary materials, and to have completed all tire 
series of experiments requisite, must have re- 
tarded the publication of this book for many 
years. This is a vast field for emfdoying the 
zeal and abilities of young chemists, whom 1 
would advise to endeavour rather to do wdl 
than to do jnuch, and to ascertam, in ^e first 
place, the composition of the adds, before en- 
tering upon that of the neutral salts! Every 
edifice which is intended to resist the mvages 
of time should be built upon a sure foundation; 
and, in the present state of chemistry, \to at- 
tempt discoveries by experiments, eith^ not 
perfectly exact or not sufficiently rigorous, will 
serve only to interrupt its progress, instep of 
contiibu^ to its advancement. 



SECOND PART 


Of the combination of acids with saltpuble bases, 

AND OP THE FORMATION OF NEUTRAL SALTS 


INTRODUCTION 

Ip I had strictly followed the plan I at first laid 
down for the conduct of this work, I would 
have confined myself, in the tables and accom- 
panying observations which compose this sec- 
ond part, to short definitions of the several 
known acids and abridged accounts of the proc- 
esses by which they are obtainable, with a mere 
nomenclature or enumeration of the neutral 
salts which result from the combination of 
these acids with the various salifiable bases. 
But I afterwards found that the addition of 
similar tables of all the simple substances which 
enter into the composition of the acids and 
oxides, together with the various possible com- 
binations of these elements, would add greatly 
to the utility of this work without being any 


great increase to its size. These additions, which 
are all contained in the twelve first sections of 
this part and the tables annexed to these, form 
a kind of recapitulation of the first fifteen chap- 
ters of the first part. The rest of the tables and 
sections contain all the saline combinations. 

It must be very apparent that, in this part 
of the work, I have borrowed gmatly from 
what has been already published by M. de 
Morveau in the first volume of the Encydo- 
pedie par ordre des Matitres. I could hardly 
have discovered a better source of information, 
especially when the diflSculty of consulting 
b(^ks in foreign languages is considered. I make 
this general acknowledgment on purpose to 
save the trouble of references to M. de Mor- 
veau^s work in the course of the following part 
of mine. 


Table of Simple Substances Belonging to AU the 
Kingdoms of NaturCy Which May Be Considered as the 
Elements of Bodies 


New Names 
Light 


CiJoric 


Oxygen 


Azote 

Hydrogen 


Old Names 
Light 
Heat 

Principle or element of heat 
Fire. Igneous fluid 
Matter of fire and of heat 
Dephlogieticated air 
Empyreal air 

Vitd air, or base of vital air 
Phlogisticated air or gas 
Mephitis, or its base 
Inflammable air or gas, or the base of 
inflammable air 


Oxidabk and Acidifiabk Simple Substances Not Metallic 
New Names Old Names 


Sulphur 

Phwphorus Th^ same names 

Charcoal 

Muriatic radical 

,, Fluoric radical Still unknown 

Boraric radical 
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Tablb 0/ Simple Substances, CorUinued 
Oxidable and Acidifiable Simple Metallic Bodies 


New Names 


Old Names 

Antimony 


Antimony 

Arsenic 


Arsenic 

Bismuth 


Bismuth 

Cobalt 


Cobalt 

Copper 


Copper 

Gold 


Gold 

Iron 

■5* 

Iron 

Lead 

1 

tg 

Lead 

Manganese 

Manganese 

Mercury 

Mercury 

Molybdenum 

Molybdenum 

Nickel 


Nickel 

Platinum 


Platinum 

Silver 


Silver 

Tin 


Tin 

Tungsten 


Tungsten 

Zinc 


Zinc 


Salifiable Simple Earthy Substances 
Old Names 

Chalk, calcareous earth 
Quicklime 

Magnesia, base of Epsom salt . 
Calcined or caustic magnesia 
Barytes, or heavy earth 
Clay, earth of alum 
Siliceous or vitriliable earth 


Section I 

Observations upon (hs Table of Simple Svlh 

stances 

The principal object of chemical experiments 
is to decompose natural bodies, so as separate- 
ly to examine the different substances which 
enter into their composition. By consulting 
chemical systems, it will be found that this sci- 
ence of chemical analysis has made rapid prog- 
ress in our own times. Formerly oil and salt 
were considered as elements of bodies, whereas 
later observation and experiment have shown 
that all salts, instead of teing simple, are com- 
posed of ^acid united to a base. The bounds 
of analysis have been greatly enlarged fcy mod- 
ern discoveries;^ the acids are shown to be 
composed of oxygen, as an acidifying pipnciple 
common to all, united in each to a paiticular 
base. I have proved what M. Hassenfratz had 
before advanced, that these radicals of the 
acids are not all simple elements, many of 
them being, like the oily principle, composed 
of hydrogen and charcoal. Even tlie bases of 
neutral salts have been proved by M. Ber- 
thollet to be compounds, as he has shown that 
ammonia is composed of azote and hydrogen. 

> See Recueil de VAcadSmie for 1776, p. 671; and 
for 1778, p. 535. — Authob. 


New Names 
Lime 

Magnesia 

Barytes 

Argill 

Silex 


Table of Compound Oxidable and Acidifiable Bases 


Oxidable or acidifiable base, from 
the mineral kingdom 


Oxidable or acidifiable hydro-car- 
bonous or carbono-hydrous radi- 
cals from the vegetable kingdom.* 


Oxidable or acidifiable radicals 
from the animal kingdom, which 
mostly contain azote, and frequent- 
ly phosphorus 


Names of the Radicals 
Nitro-muriatic radical or 
base of the acid formerly 
called aqua regia 
Tartarous radical or base 
Malic 
Citric 

Pyro-lignous 

Pyro-mucous 

Pyro-tartarous 

Oxalic 

Acetous 

Succinic 

Benzoic 

Camphoric 

Gallic 

Lactic 

Saccholactic 

Formic 

Bombic 

Sebacic 

Lithic 

Prussic 


*Note, The radicals from the vegetable kingdom are converted by a 
firrt degree of oxygenation into vegetable oxides, such as sugar, starch, 
wd gum or mucus: those of the acdmal kingdom by the wiamia 
form animal oxides, as lymph, &c. — A xttbob. 
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Thus, as chemistry advances towards per- 
fection, by dividing and subdividing, it is im- 
possible to say where it is to end; and these 
things we at present suppose simple may 
soon be found quite otherwise. All we dare 
venture to affirm of any substance is that it 
must be considered as simple in the present 
state of our knowledge and so far as chemical 
analysis has been able to show. We may even 
presume that the earths must soon cease to be 
considered as simple bodies; they are the only 
bodies of the salifiable class which have no 
tendency to unite with oxygen; and I am 
much inclined to believe that this proceeds 
from their being already saturated with that 
element. If so, they will fall to be considered 
as compounds consisting of simple substances, 
perhaps metallic, oxidated to a certain de- 
gree. This is only hazarded as a conjecture; 
and I trust the reader will take care not 
to confound what I have related as truths, 
fixed on the firm basis of observation and 
experiment, wath mere hypothetical conjec- 
tures. 

The fixed alkalies, potash, and soda, are 
omitted in the foregoing table, because they 
are evidently compound substances, though 
we are ignorant as yet what are the elements 
they are composed of. 

Section II 

Observations upon the Table of Compound 

Radicals 

The older chemists being unacquainted with 
the composition of acids and not suspecting 
them to be formed by a peculiar radical or 
base for each, united to an acidifying principle 
or element common to all, could not conse- 
quently give any name to substances of which 
they had not the most distant idea. We had 
therefore to invent a new nomenclature for 
this subject, though we were at the same time 
sensible that this nomenclature must be sus- 
ceptible of great modification when the nature 
of tlie compound radicals shall be better 
understood.^ 

The compound oxidable and acidifiable rad- 
icals from the vegetable and animal king- 
doms, enumerated in the foregoing table, are 
not reducible to S3^tematic nomenclature, 
because their exact analysis is as yet un- 
known. We only know in general, by some 
experiments! of my own and some made by 

«Se».Part 1, Chapter XI, upon this ■ubjeot.— 
AuiBoa. 
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M. Hassenfratz, that most of the vegetable 
acids, such as the tartarous, oxalic, citric, 
malic, acetous, pyrotartarous, and pyromucous, 
have radicals composed of hydrogen and char- 
coal, combined in such a way as to form 
single bases, and that these acids only differ 
from each other by the proportions in which 
these two substances enter into the composi- 
tion of their bases, and by the degree of oxy- 
genation which these bases have received. We 
know further, chiefly from the experiments of 
M. Berthollet, that the radicals from the 
animal kingdom, and even some of those 
from vegetables, are of a more compound na- 
ture, and, besides hydrogen and charcoal, 
that they often contain azote, and sometimes 
phosphorus; but we were not possessed of 
sufficiently accurate experiments for calculat- 
ing the proportions of these several substances. 
We are therefore forced, in the manner of 
the older chemists, still to name these acids 
after the substances from which they are pro- 
cured. There can be little doubt that these 
names will be laid aside when our knowledge 
of these substances becomes more accurate and 
extensive; the terms hydro-carhonouSf hydro- 
carbonic^ carbono-hydrous, and carhono-hydric? 
will then become substituted for those we now 
employ, which will then only remain as testi- 
monies of the imperfect state in which this 
part of chemistry was transmitted to us by our 
predecessors. 

It is evident that the oils, being composed of 
hydrogen and charcoal combined, are true car- 
bono-hydrous or hydro-carbonous radicals ;and, 
indeed, by adding oxygen, they are convertible 
into vegetable oxides and acids according to 
their degrees of oxygenation. We cannot, how- 
ever, affirm that oils enter in their entire state 
into the composition of vegetable oxides and 
acids; it is possible that they previously lose a 
part either of their hydrogen or charcoal, and 
that the remaining ingredients no longer exist 
in the proportions necessary to constitute oils. 
We still require further experiments to eluci- 
date these points. 

Properly speaking, we are only acquainted 
with one compound radical from the minend 
kingdom, the nitro-muriatic, which is formed 
by the combination of azote with the muriatic 
radical. The other compound mineral acids 
have been much less attended to, from their 
producing less striking phenomena. 

*See Part I, Chapter XI, upon the application of 
these names according to the proportions of the tm 
ingredientB. — ^A utbob. , , 
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ObBervations upon the Cambinatiana of Light 

and Caloric toUh Different Svb^nces 

I have not constructed any table of the com- 
binationa of light and caloric with the various 
simple and compound substances, because our 
conceptions of the nature of these combina- 
tions are not hitherto sufficiently accurate. We 
know, in general, that all bodies in nature are 
imbu^, surrounded, and penetrated in every 
way with caloric, which fills up every interval 
left between their particles; that, in certain 
cases, caloric becomes fixed in bodies, so as to 
constitute a part even of their solid substance, 
though it more frequently acts upon them with 
a repulsive force, from which, or from its ac- 
cumulation in bodies to a greater or lesser de- 
gree, the transformation of, solids into fluids, 
and of fluids to aeriform elasticity, is entirely 
owing. We have employed the generic name 
gas to indicate this aeriform state of bodies pro- 
duced by a sufficient accumulation of caloric, 
so that, when we wish to express the aeriform 
state of muriatic acid, carbonic acid, hydrogen, 
water, alcohol, &c. we do it by adding the word 
gas to their names; thus muriatic acid gas, 
carbonic acid gas, hydrogen gas, aqueous gas, 
alcoholic gas, &c. 

The combinations of light, and its mode of 
acting upon different bodies, is still less known. 
By the experiments of M. BerthoUet, it ap- 
l^ears to have great affinity with oxygen, is sus- 
ceptible of combining with it, and contributes 
alongst with caloric to change it into the state 
of gas. Experiments upon vegetation give rea- 
son to believe that light combines with certain 
parts of vegetables, and that the green of their 
leaves, and the various colours of their flowers, 
is chiefly owing to this combination. This much 
is certain, that plants which grow in darkness 
are perfectly white, languid, and unhealthy, 
and that to make them recover vigour, and to 
acquire their natural colours, the direct influ- 
ence of light is absolutely necessary. Some- 
thing similar takes place even upon animals: 
mankind degenerate to a certain degree when 
employed in sedentary manufactures, from liv- 
ing in crowded houses or in the narrow lanes of 
large cities; whereas they improve in iheir na- 
ture and constitution in most of the country 
laltours which are carried on in the open air. 
Organisation, sensation, spontaneous motion, 
and all the operations of life, only exist at the 
surface of the earth, and in places exposed to 
the influence of light. Without it nature itsdf 
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would be lifeless and inanimate. By means of 
light, the benevolence of the Deity ha1& filled 
the surface of the earth with organization, sen- 
sation, and intelligence. The fable of Prome- 
theus mi^t perhaps be considered as giving a 
hint of this philosophical truth, which 1^ 
even presented itself to the knowledge of the 
ancients. I have intentionally avoided any dis- 
quisitions relative to organized bodies in this 
work, for which reason tlie phenomena of resh 
piration, sanguification, and animal heat, are 
not considered; but Ihope, at some future time, 
to be able to elucidate these curious subjects. 

Section IV 

Observations upon the Combinations of Oxygen 

with the Simple Substances 

Oxygen forms almost a third of the mass of 
our atmosphere and is consequently one of the 
most plentiful substances in nature. All the 
animals and vegetables live and grow in this 
immense magazine of oxygen gas, and from it 
we procure the greatest part of what we em- 
ploy in experiments. So great is the reciprocal 
affinity between this element and other sub- 
stances that we cannot procure it disengaged 
from all combination. In the atmosphere it is 
united with caloric, in the state of oxygen gas, 
and this again is mixed with about two thirds 
of its weight of azotic gas. 

Several conditions are requisite to enable a 
body to become oxygenated or to permit oxy- 
gen to enter into combination with it. In the 
first place, it is necessary that the particles of 
the body to be oxygenated shall have less re- 
ciprocal attraction with each other than they 
have for the oxygen, which otherwise cannot 
possibly combine with them. Nature, in this 
case, may be assisted by art, as we have it in 
our power to diminish the attraction of the 
particles of bodies almost at will by heating 
them, or, in other words, by introducing caloric 
into the interstices between their particles; 
and, as the attraction of these particles for 
each other is diminished in the inverse ratio of 
their distance, it is evident that there must be 
a certain point of distance of particles when 
the affinity they possess with each other be- 
comes less than that they have for oxygen, and 
at which oxygenation must necessai^y take 
place if oxygen be present. 

We can readily conceive that the degree of 
heat at which this phenomenon begins must be 
different in d$^nt bodi^. Hence, on purpose 
to oxygenate^inost bodies, especially the great* 
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er part af the simple substances, it is only nec- 
essary to expose them to the influence of the 
air of the atmosphere in a convenient degree of 
temperature. With respect to lead, mercury, 
and tin, this needs be but little higher than the 
medium temperature of the earth; but it re- 
quires a more considerable degree of heat to 
oxygenate iron, copper, &c., by the dry way, or 
when this operation is not assisted by moisture. 
Sometimes oxygenation takes place with great 
rapidity and is accompanied by great sensible 
heat, light, and flame; such is the combustion 
of phosphorus in atmospheric air and of iron 
in oxygen gas. That of sulphur is less rapid; 
and the oxygenation of lead, tin, and most of 
the metals, takes place vastly slower, and con- 
sequently the disengagement of caloric, and 
more especially of light, is hardly perceptible. 

Some substances have so strong an affinity 
with oxygen, and combine with it in such low 
degrees of temperature, that we cannot pro- 
cure them in th^ir unoxygenated state; such is 
the muriatic acid, which has not hitherto been 


decomposed by art, perhaps even not by na- 
ture, and which consequently has only been 
found in the state of acid. It is probable that 
many other substances of the mineral kingdom 
are necessarily oxygenated in the common tem- 
perature of the atmosphere, and that being al- 
ready saturated with oxygen prevents their 
further action upon that element. 

There are other means of oxygenating simple 
substances besides exposure to air in a certain 
degree of temperature, such as by placing them 
in contact with metals combined with oxygen 
and which have little affinity with that ele- 
ment. The red oxide of mercury is one of the 
best substances for this purpose, ei^pecially 
with bodies which do not combine with that 
metal. In this oxide the oxygen is unimd with 
very little force to the metal, and can be driven 
out by a degree of heat only sufficient t^ make 
glass red hot; wherefore such bodies as are cap- 
able of uniting with oxygen are readil}^ oxy- 
genated by means of being mixed with red 
oxide of mercury and moderately heated. The 


Table of the Combinations of Oxygen with the 
Compound Radicals 


Names of the Radicals Names of the Resvlting Adds 



New Names 

Old Names 

Nitro-muriatic 

radical 

Nitro-muriatic acid Aqua regia 

Tartaric 

Tartarous acid 

Unknown till lately 

Malic 

Malic acid 

Ditto 

Citric 

Citric acid 

Acid of lemons 

Pyro-lignous 

Pyro-lignous acid 

Empyreumatic acid of 
wood 

Pyro-raucous 

Pyro-mucous acid 

Empyr. acid of sugar 

Pyro-tartarous 

Pyro-tartarous acid Empyr. acid of tartar 

Oxalic 

Oxalic acid 

Acid of sorel 

Acetic 

Acetous acid 

Vinegar, or acid of vinegar 

Acetic acid 

Radical vinegar 

Succinic 

Succinic acid 

Volatile salt of amber 

Benzoic 

Benzotic acid 

Flowers of benzoin 

Camphoric 

Camphoric acid 

Unknown till lately 

Gallic 

Gallic acid 

iThe astringent principle 

1 of vegetables 

Lactic 

Lactic acid 

Acid of sour whey 

Saccholactic 

Saccholactic acid 

Unknown till lately 

Formic 

Formic acid 

Acid of ants 

Bombic 

Bombic acid 

Unknown till lately 

Sebacic 

Sebacic acid 

Ditto 

Lithic 

Lithic acid 

Urinary calculus 

Prussic 

Prussic acid 

Colouring matter of Prue- 
, sian blue 


Note 1: These radicals by a first degree of oxygenation form vegetable 
oxides, as sugar, starch, mucus, &c. — ^Autrob. 

Note 2: These radicals by a first degree of oxygenation form the animal 
oxides, as lymph, red part of the blood, animal secretions, dbo. — Author. 
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game effect may be, to a certain degree, pro- 
duced by means of the black oxide of mangan- 
ese, the red oxide of lead, the oxides of silver, 
and by most of the metallic oxides, if we only 
take care to choose such as have less affinity 
with oxygen than the bodies they are meant to 
oxygenate. All the metallic reductions and re- 
vivifications belong to this class of operations, 
being nothing more than oxygenations of char- 
coal by means of the several metallic oxides. 
The charcoal combines with the oxygen and 
with caloric and escapes in form of carbonic 
acid gas, while the metal remains pure and re- 
vivified, or deprived of the oxygen which be- 
fore combined with it in the form of oxide. 

All combustible substances may likewise be 
oxygenated by means of mixing them with ni- 
trate of potash or of soda, or with oxygenated 
muriate of potash, and subjecting the mixture 
to a certain degree of heat; the oxygen, in this 
case, quits the nitrate or the muriate, and com- 
bines with the combustible body. This species 
of oxygenation requires to be performed with 
extreme caution and only with very small quan- 
tities; because, as the oxygen enters into the 
composition of nitrates, and more especially of 
oxygenated muriates, combined with almost as 
much caloric as is necessary for converting it 
into oxygen gas, this immense quantity of ca- 
loric becomes suddenly free the instant of the 
combination of the oxygen with the combust- 
ible body and produces such violent explosions 
as are perfectly irresistible. 

By the humid way we can oxygenate most 
combustible bodies, and convert most of the 
oxides of the three kingdoms of nature into 
acids. For this purpose we chiefly employ the 
nitric acid, which has a very slight hold of oxy- 
gen, and quits it readily to a grefit number of 
bodies by the assistance of a gentle heat. The 
oxygenated muriatic acid may be used for sev- 
eral operations of this kind, but not in them all. 

1 give the name of hinaty to the combinations 
of oxygen with the simple substances, because 
in these only two elements are combined. When 
three substances are united in one combina- 
tion I call it ternary, and qmkrrmy when the 
combination consists of four substances united. 

Section V 

Ohservationa upon the Covihinations of Oxygen 

with the Compound Radicals 

I published a new theory of the nature and 
formation of acids in the Recueil de VAcadimte 
for 1776, p. 671 and 1778, p. 535 in which I 
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concluded that the number of acids must be 
g^tly lar^r than was till then supposed. 
Since that time, a new field of inquiry has been 
opened to chemists; and, instead of five or six 
acids which were then known, near thirty new 
acids have been discovered, by which means 
the number of known neutral salts have been 
increased in the same proportion. The nature 
of the acidifiable bases or radicals of the acids, 
and the degrees of oxygenation they are sus- 
ceptible of, still remain to be inquired into. I 
have already shown that almost all the oxid- 
able and acidifiable radicals from the mineral 
kingdom are simple, and that, on the contrary, 
there hardly exists any radical in the vegetable, 
and more especially in the animal kingdom, 
but is composed of at least two substances, hy- 
drogen and charcoal, and that azote and phos- 
phorus are frequently united to these, by which 
we have compound radicals of two, three, and 
four bases or simple elements united. 

From these observations, it appears that the 
vegetable and animal oxides and acids may differ 
from each other in three several ways: Ist, ac- 
cording to the number of simple acidifiable 
elements of which their radicals are composed: 
2nd, according to the proportions in which 
these are combined together: and, 3rd, accord- 
ing to their different degrees of oxygenation: 
which circumstances are more than sufficient 
to explain the great variety which nature pro- 
duces in these substances. It is not at all sur- 
prising, after this, that most of the vegetable 
acids are convertible into each other, nothing 
more being requisite than to change the pro- 
portions of the hydrogen and charcoal in their 
composition, and to oxygenate them in a greater 
or lesser degree. This has been done by M. 
Crell in some very ingenious experiments, 
which have been verified and extended by M. 
Hassenfratz. From these it appears that char- 
coal and hydrogen by a first oxygenation pro- 
duce tartarous acid, oxalic acid by a second 
degree, and acetous or acetic acid by a third, 
or hi^er oxygenation; only, that charcoal 
seems to exist in a rather smaller proportion in 
the acetous and acetic acids. The citric and 
malic acids differ little from the preceding acids. 

Ought we then to conclude that the oils are 
the radicals of the vegetable and animal acids? 
I have already expressed my doubts upon this 
subject: 1st, although the oils appear to be 
formed of nothing but hydrogen and charcoal, 
we do not know if these are in the precise pro- 
portion necessary for constituting the radicals 
of the acids: 2nd, since oxygm enters into the 
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0oiii^>o^icm of these acids equally with hydro- 
gen and charcoal, there is no more reason for 
supposing ti^em to be composed of oil rather 
of water or of oarbonic acid. It is true 
that they contain Ihe materials necessary for 
all these combinations, but then these do not 
take place in the common temperature of the 
atmosphere; all the three elments remain 


either to a solid or liquid form. This is likewise 
one of the essential constituent, elements >of 
animal bodies, in which it is cemlnned mth 
drarcoal and hydrogen, and sometimes with 
phosphorus; th^ are united together by a 
certain portion of oxygen, by which they are 
formed into oxides or acids according to the 
degree of oxygenation* Hence the animal sul> 


Table of the Binary Combinations of Azote with the 
Simple Substances 


Simple 

Substances 

Caloric 

Hydrogen 

Oxygen 


Charcoal 

Phosphorus 

Sulphur 


Compound 

radicals 

Metallic 

substances 

Lime 

Magne&da 

Barytes 

Argill 

Potash 

Soda 


Results of the Combinations 


New Names 


Old Names 


Azotic gas Phlogisti^ted air, or Mephitis 

Ammonia Volatile alkali 


Nitrous oxide Base of Nitrous gas 

Nitrous acid Smoking nitrous acid 

Nitric acid Pale nitrous acid 

Oxygenated nitric acid Unknown 

This combination is unknown; should it over be discovered* 
it will be called, according to the principles of our nomen- 
clature, Azuret of Charcoal. Charcoal dissolves in azotic 
gas and forms carbonated azotic gas 

Azuret of phosphorus. Still unknown 
Azuret of sulphur. Still unknown. We know that 
sulphur dissolves in azotic gas, forming sulphurated 
azotic gas 

Azote combines with charcoal and hydrogen, and some- 
times with phosphorus, in the compound oxydable and 
acidifiablc bases, and is generally contained in the radi- 
cals of the animal acids 


Such combinations are unknown; if ever discovered, they 
will form metallic azurets, as azuret of gold, of silver, Ac. 


Entirely unknown. If ever discovered, they will form 
azuret of lime, azuret of magnesia, Ac. 


combined in a ^tate of equilibrium which is 
readily destroyed by a temperature only a 
little above that of boiling water.^ 

Section VI 

(R)Seirvations upon th^ CombinatUms of Azote 
. with (he Simple Substances 

Azote is one of the most abundant elements; 
combined with caloric it forms azotic gas, or 
mephitis, which composes nearly two tUrds of 
the atmosphere. This element is always in the 
state of gas in the ordinary pressure and tem- 
perature, and no degree of compression or of 
cold has been hitherto capaUe of reducing it 

1 Bee Pari I, Chapier XII, upon tins sublect*-*- 
Axmda. 


stances may be varied, in the same way with 
vegetables, in three different manners: 1st, 
according to the number of elements which 
enter into the composition of the base or radi- 
cal; 2nd, according to the proportions of these 
elements; 3rd, according to the degree of oxy- 
genation. 

When combined with oxygen, azote forms 
the nitrous and nitric oxides and acids; when 
with hydrogen, ammonia is produced. Its com- 
binations with the other simple elements are 
very little known; to these we give the name of 
azurets, preserving the termination in uret fdr 
all non-oxygenat^ compoimds. It is extremely 
probable tlmt all the alkaline substances may 
hereafter be found to belong to this genus of 
■izurets, 
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, Theasotic gas may be procured from atmos«> 
p^c air, by absorbing the oxygen gas Tvhich 
% mixed with it by means of a solution of sul* 
jib^et of potash, or sulphuret of lime. It re- 
quires twelve or fifteen days to complete this 
process, during which time the surface in con- 
tact must be frequently renewed by agitation 
and by breaking the pellicle which forms on 
the top of the solution. It may likewise be pro- 
cured by dissolving animal substances in dilute 
nitric acid very little heated. In this operation 
the azote is disengaged in form of gas, which 
we receive under bell glasses filled with water 
in the pneumato-chemical apparatus. We may 
procure this gas by deflagrating nitre with 
charcoal, or any other combustible substance; 
when with charcoal, the azotic gas is mixed 
with carbonic acid gas, which may be absorbed 
by a solution of caustic alkali or by lime water, 
after which the azotic gas remains pure. We 
can procure it in a fourth manner from com- 
binations of ammonia with metallic oxides, as 
pointed out by M. de Fourcroy : the hydrogen 
of the ammonia combines with the oxygen of 
the oxide, and forms water; whilst the azote 
being left free escapes in form of gas. 

The combinations of azote were but lately 
discovered: M. Cavendish first observed it in 
nitrous gas and acid, and M. Berthollet in am- 
monia and the prussic acid. As no evidence of 
its decomposition has hitherto appeared, we 
are fully entitled to consider azote as a simple 
elementary substance. 
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&9t!TIOW Vn 

Observations upon Hydrogen and Its Combinor 

tions with Simple Sub^anoes 

Hydrogen, as its name expresses, is one of 
the constituent elements of water, ^ which it 
forms fifteen hundredth parts by weight, com- 
bined with eighty-five hundredth parts of oxy- 
gen. This sub^stance, the properties and even 
existence of which was unknown till lately, is 
very plentifully distributed in nature and acts 
a very considerable part in the processes of the 
animal and vegetable kingdoms. As it possesses 
so great affinity with caloric as only to exist in 
the state of gas, it is consequently impossible 
to procure it in the concrete or liquid state, in- 
dependent of combination. 

To procure hydrogen, or rather hydrogen 
gas, we have only to subject water to the ac- 
tion of a substance with which oxygen has 
greater affinity than it has to hydrogen; by this 
means the hydrogen is set free and, by uniting 
with caloric, assumes the form of hydrogen gas. 
Red hot iron is usually employed for this pur- 
pose: the iron, during the process, becomes 
oxidated, and is changed into a substance re- 
sembling the iron ore from the island of Elba. 
In this state of oxide it is much less attractible 
by the magnet, and dissolves in acids without 
effervescence. 

Charcoal, in a red heat, has the same power 
of decomposing water, by attracting the oxy- 
gen from its combination with hydrogen. In 


Table of the Binary Combinations of Hydrogen with 
Simple Substances 


Simple 

Substances 


Resulting Compounds 
New Names Old Names 


Caloric 

Azote 

Oxygen 

Sulphur 

Phosphorus 


Hydrogen gas 

Ammonia 

Water 

Hydruret of sulphur, or 
sulphuret of hydrogen 
Hydruret of phosphorus, 
|or phosphuret of hydrogen 


Charcoal 

Metallic substances, 
a$ iron, Ac 


Hydro-carbonous, or car- 
bono hydrous radicals’ 
Metallic hydrurets*, as 
hydruret of iron, Ac 


Inflammable air 
Volatile Alkali 
Water 


Hitherto unknown^ 


Not known till lately 
Hitherto unknown 


> Those combinations take place in the state of gas, and form, respective- 
ly, sulphurated and phosphorated oxygen gas.— Author. 

* This combination of l^drogen with charcoal includes the fixed and 
volatile oils, and forms the radicals of a considerable part of the vegetable 
and oxides and acids. When it takes place in the state of gas It 

forms carbonated hydrogen gas,— Author. ^ ^ ' 

•Nope of these oombinagpns are known, and it is probable that 
cannot mast, at least in the usual tethx>erature of the atmosphere, oyfiAg 
to the great afoity of hydrogen for caloric. — Author. : ' 
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ibis process carbonic acid gas is formed and 
mixes with the hydrogen gas but is easily sep- 
arated by means of water or alkalies, which 
absorb the carbonic acid and leave the hydro- 
gen gas pure. We may likewise obtain hydro- 
gen gas by dissolving iron or zinc in dilute sul- 
phuric acid. These two metals decompose wa- 
ter very slowly, and with great difficulty, when 
alone, but do it with great ease and rapidity 
when assisted by sulphuric acid; the hydrogen 
unites with caloric during the process and is 
disengaged in form of hydrogen gas, while the 
oxygen of the water unites with the metal in 
the form of oxide, which is immediately dis- 
solved in the acid, forming a sulphate of iron 
or of zinc. 

Some very distinguished chemists consider 
hydrogen as the phlogiston of Stahl; and as 


that celebrated chemist admitted the existence 
of phlogiston in sulphur, charcoal, metals, 
they are, of course, obliged to suppose that hjr- 
drogen exists in all these substonces, though 
they cannot prove their supposition; even if 
they could, it would not avail much, since this 
disengagement of hydrogen is quite insufficient 
to explain the phenomena of calcination and 
combustion. We must always recur to the ex- 
amination of this question, “Are the heat and 
light which are disengaged during the different 
species of combustion furnished by the burning 
body or by the oxygen which combines in all 
these operations?” And certainly the /supposi- 
tion of hydrogen being disengaged throws no 
light whatever upon this question. Besides, it 
belongs to those who make suppositions to 
prove them; and, doubtless, a doctrin^ which 

\ 


Table of the Binary Combinations of Sulphur with 
Simple Substances 


simple Resulting Compounds 


Substances 

New Names 

Old Names 

Caloric 

Sulphuric gas 

Oxide of sulphur 

Soft sulphur 

Oxygen 

Sulphurous acid 

Sulphureous acid 


Sulphuric acid 

Vitriolic acid 

Hydrogen 

Sulphuret of hydrogen 


Azote 

Phosphorus 

azote 

phosphorus 

Unknown combinations 

Charcoal 

charcoal 


Antimony 

antimony 

Crude antimony 

Silver 

silver 


Arsenic 

arsenic 

Orpiment, realgar 

Bismuth 

bismuth 


Cobalt 

cobalt 


Copper 

copper 

Copper pyrites 

Tin 

tin 


Iron 

iron 

Iron pyrites 


manganese 


Mercury 

mercury 

Ethiops mineral, cinnabar 

Molybdenum 

molybdenum 


Nickel 

nickel 


Gold 

gold 


Platinum 

platinum 


Lead 

lead 

Galena 

Tungsten 

tungsten 


Zinc 

zinc 

Blende 

Potash 

potash 

Alkaline liver of sulphur 
with fixed vegetable cdkali 

Soda 

soda 

Alkaline liver of sulphur 
with fixed mineral alkali 

Ammcmia 

ammonia 

Volatile liver of sulphur, 
smoking liquor of Boyle 

Timft 

lime 

Calcareous liver of sulphur 

_ 

magnesia 

Magnesian liver of sulphur 

Baiytes 

barytes 

Barytic liver of sulphur 

At|^ 

argill 

Yet imknown 
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without any supposition explains the ph^om- 
ena as well and as naturally as theirs does by 
supposition has at least the advantage of great- 
er simplicity.^ 


Section VIII 

Ohservaiiona on Sulphur and its Combinaliom 

Sulphur is a combustible substance, having 
a very great tendency to combination; it is 
naturally in a solid state in the ordinary tem- 
perature, and requires a heat somewhat higher 
than boiling water to make it liquify. Sulphur 
is formed by nature in a considerable degree of 
purity in the neighbourhood of volcanos; we 
find it likewise, chiefly in the state of sulphuric 
acid, combined with argill in aluminous schist, 
with lime in gypsum, &c. From these combi- 
nations it may be procured in the state of sul- 
phur, by carrying off its oxygen by means of 
charcoal in a red heat; carbonic acid is formed 
and escapes in the state of gas; the sulphur re- 
mains combined with the clay, lime, &c. in the 
state of sulphuret, which is decomposed by 
acids; the acid unites with the earth into a neu- 
tral salt, and the sulphur is precipitated. 

Table of the Binary Combinations of 
Phosphorus with the Simple Substances 

Resulting Compounds 
Phosphoric gas 
Oxide of phosphorus 
Phosphorous acid 
Phosphoric acid 
Phosphuret of hydrogen 
Phosphuret of azote 
Phosphuret of sulphur 
Phosphuret of charcoal 
Phosphuret of metals* 


Phosphuret of Potash, 
Soda, &c.* 


» Those who wish to see what has been said upon 
this great chemical question by MM. de Morveau, 
Berthollet, de Fouroroy, and myself may consult 
our translation of M. Kirwan’s Essay upon PMo^ 
giston^ — Autbob. , , 

* Of all these combinations of phosphorus with 
metals, that with iron only is hitherto known, foma- 
ing the substance formerly called siderits; neither is 
it yet ascertained whether, in this combination, the 
pho^horus be oxygenated or not. — AuraoB. 

* These combinations of phosphorus with the alka- 
lies and earths are not yet Known; and, from ex- 
perimdnts of M. Gengembre, they appear to beim- 
poauble.— AtrtsoB. 


Simple Substances 
Caloric 

Oxygen 

Hydrogen 

Azote 

Sulphur 

Charcoal 

Metallic substances 

Potash 

Soda 

Ammonia 

Lime 

Barytes 

Magneaa 

A 


Section IX 

Observations upon Phosphorus and Us Combir 

nations 

Phosphorus is a simple combustible sub- 
stance, which was unknown to chemists till 
1667, when it was discovered by Brandt, who 
kept the process secret; soon after, Kunkel 
found out Brandt’s method of preparation and 
made it public. It has been ever since known 
by the name of Kunkel’s phosphorus. It was 
for a long time procured only from urine; and, 
though Homberg gave an account of the proc- 
ess in the Recueil de VAcadtmie for 1692, all 
the philosophers of Europe were supplied with 
it from England. It was fi.rst made in France in 
1737, before a committee of the Academy at 
the Royal Garden. At present it is procured in 
a more commodious and more economical man- 
ner from animal bones, which are real calcar- 
eous phosphates, according to the process of 
MM. Gahn, Scheele, Rouelle, &c. The bones 
of adult animals, being calcined to whiteness, 
are pounded and passed through a fine silk 
sieve; pour upon the fine powder a quantity of 
dilute sulphuric acid, less than is sufficient for 
dissolving the whole. This acid unites with the 
calcareous earth of the bones into a sulphate of 
lime, and the phosphoric acid remains free in 
the liquor. The liquid is decanted off, and the 
residuum washed with boiling water; this wa- 
ter which has been used to wash out the adher- 
ing acid is joined with what was before decant- 
ed off, and the whole is gradually evaporated; 
the dissolved sulphate of lime crystallizes in 
form of silky threads, which are removed, and 
by continuing the evaporation we procure the 
phosphoric acid under the appearance of a 
white ijellucid glass. When this is powdered 
and mixed with one third its weight of char- 
coal, we procure very pure phosphorus by sub- 
limation. The phosphoric acid, as procured by 
the above process, is never so pure as that ob- 
tained by oxygenating pure phosphorus either 
by combustion or by means of nitric acid; 
wherefore this latter should always be em- 
ployed in experiments of research. 

Phosphorus is found in almost all animal 
substances, and in some plants which give a 
kind of animal analysis. In all these it is usu- 
ally combined with charcoal, hydrogen, and 
azote, forming very compound radicals, which 
are, for the moCt part, in the state of oxides by 
a first degree of union with oxygen. The di^ 
covery of M. Hassenfratz, of phosphorus be- 
ing contained in charcoal, ^ves reason to sus- 
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pect that it is more common in the vegetable 
kingdom than has generally been supposed. It 
is certain that by proper processes it may be 
procured from every individual of some of the 
families of plants. As no experiment has hith- 
erto given reason to suspect that phosphorus 
is a compound body, I have arranged it with 
the simple or elementary substances. It takes 
fire at the temperature of 32® (104®) of the 
thermometer. 


In the business of charring wood, tbieis done 
by a less expensive process. The wood is dis^ 
posed in heaps and covered with earth, so as to 
prevent the access of any more air than is ab* 
solutely necessary for supporting the fire, which 
is kept up till all the water and oil is driven off, 
after which the fire is extinguished by shutting 
up all the air-holes. 

We may analyse charcoal either by combus- 
tion in air, or rather in oxygen gas, or by means 


Table of Binary Combinations of Charcoal 


Simple 

Svbstances 

Oxygen 

Sulphur 

Phosphorus 

Azote 

Hydrogen 

Metallic sub- 
stances 

Alkalies and earths 


ResvUing Compounds 
New Names Old Names 

Oxide of charcoal ^ Unknown 
Carbonic acid Fixed air, chalky acid 

Carburet of sulphur 
Carburet of phosphorus Unknown 
Carburet of azote 
Carbono-hydrous radical 
Fixed and volatile oils 

Of these only the car- 
burets of iron and zino 
Carburets of metals are known, and were 
formerly called Plum- 
bago 

Carburet of potash, &c. Unknown 


Section X 

Observations upon Charcoal and Us Comhinor 
' Hafis wUh Simple Substances 

As charcoal has not been hitherto decom- 
posed, it must, in the present state of our 
knowledge, be considered as a simple substance. 
By modem experiments it appears to exist 
r^dy formed in vegetables; and I have already 
remarked that in these it is combined with hy- 
drogen, sometimes with a'lote and phosphorus, 
forming compound radicals which may be 
changed into oxides or acids according to their 
degree of oxygenation. 

To obtain the charcoal contained in vege- 
tSfUe, or animal substances, we subject them 
to the action of fire, at first moderate and 
aftefwsurds very strong, on purpose to drive off 
the last portions of water, which adhere very 
obstinately to the charcoal. For chemical pur- 
poses, this is usually done in retorts of stone- 
ware or porcelain, into which the wood, or 
other , matter, is introduced, and then placed 
iaa reverberatory furnace, raised gradually to 
itsgreatestheat. The beat volatilizes, or changes 
mto all the parts of the body susceptible of 
combing with caloric into that form, and the 
ebjarcoal, being more fixed in its nature, re- 
meins m the retort combined with a little earth 
npd fixed salts. 


of nitric acid. In either case we convert it into 
carbonic acid, and sometimes a little potash 
and some neutral salts remain. This analysis 
has hitherto been but little attended to by 
chemists; and we are not even certain if potash 
exists in charcoal before combustion or wheth- 
er it be formed by means of some unknown 
combination during that process. 

Section XI 

Observations upon the Muriatic, Fluoric^ and Bo* 

rode Radicals and their Combinations 

As the combinations of these substances, 
either with each other or with the other com- 
bustible bodies, are entirely unknown, we have 
not attempted to form any table for their no- 
menclature. We only know that these radicals 
are susceptible of oxygenation, and of forming 
the muriatic, fluoric, and boracic acids, and 
that in the acid state they enter into a number 
of combinations, to be afterwards detailed. 
Chemistry has hitherto hem unable to disoi^- 
genate any of them, so as to produce them m a 
simple state. For this purpose, some subsf^ce 
must be employed to which oxygen has a 
stronger affinity than to, their radicals, either 
by means of single affinity or by double ^ec- 
tive attraction. All that is known relative to 
the origin 6f the radicals of these acids ^ bs 
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mentioned in thesectionnset apart for consider- 
ing their combinations with the salifiable bases. 

Section XII 

Observations upon the Combinations of Metals 
with Each Other 

Before closing our account of the simple or 
elementary substances, it might be supposed 
necessary to give a table of alloys or combina- 
tions of metals with each other; but, as such a 
table would be both exceedingly voluminous 
and very unsatisfactory, without going into a 


series of experiments not yet attempted, I have 
thought it adviseable to omiit it altogether. All 
that is necessary to be mentioned is that these 
alloys should be named according to the metal 
in largest proportion in the mixture or combi- 
nation; thus the term alloy of gold and silver , or 
gold alloyed with silver, indicates that gold is 
the predominating metal. 

Metallic alloys, like all other combinations, 
have a point of saturation. It would even ap- 
pear, from the experiments of M. de la Briche, 
that they have two perfectly distinct degrees 
of saturation. 


Table of the Comhinatione of Azote, Completely Saturated 
with Oxygen, in the Stale of Nitric Acid, with the Salifiable 
Bases, in the Order of the Affinity with the Acid 


Names of the Resulting Neutral Salts 
New Names Old Names 


Bar3rte8 Nitrate of barytes 

Nitre, with a base of 
heavy earth 

Potash 

potash 

Nitre, Saltpetre; Nitre 
with base of potash 

Soda 

soda 

lime 

Quadrangular nitre; 
Nitre with base of 
mineral alkali 

Calcareous nitre; Nitre 
with calcareous base; 
Mother water of nitre, or 
saltpetre 



lime 



Magnesia 

magnesia | 

1 Magnesian nitre; Nitre 

1 with base of magnesia 

Ammonia 

ammonia 

Ammoniacal nitre 
Nitrous alum; Argillace- 

Argill 

argill 

ous nitre; Nitre with base 
of earth of alum 

Oxide of zinc 

zinc 

Nitre of zinc 


iron 

Nitre of iron; Martial 

iron 

nitre; Nitrated iron 

manganese 

manganese 

Nitre of manganese 

cobalt 

cobalt 

Nitre of cobalt 

nickel 

nickel 

Nitre of nickel 

lead 

lead 

Saturnine nitre; Nitre of 
lead 

tin 

tin 

Nitre of tin 

copper 

copper 

Nitre of copper or of 
Venus 

bismuth 

bismuth 

Nitre of bismuth 

antimony 

antimony 

Nitj^ of antimony 

arsenic . 

arsenic 

Arsenical nitre 

mercury , 

mercuiy 

Mercurial nitre 

mlver 

silver 

' 1 

1 Ni^^pf silver or luna; 

1 Lunar..c^kustic 

gold 

gold 

Nitra pf gpld 

platinum 

platinum 

Nitre (rf,pla.^Eium 
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Table of the ComhinaJtiom of Azote in the State of Nitrous 
Acid with the Salifiable Bases, Arranged According to 
the Affinities of These Bases with the Add 


Names of the 

Names of the 

Bases 

Neutral Salts 
New Names 

Barytes 

Nitrite of barytes 

Potash 

potash 

Soda 

soda 

Lime 

lime 

Magnesia 

magnesia 

Ammonia 

ammonia 

Argili 

argili 

Oxide of zinc 

zinc 

iron 

iron 

manganese 

manganese 

cobalt 

cobalt 

nickel 

nickel 

lead 

lead 

tin 

tin 

copper 

copper 

bismuth 

bismuth 

antimony 

antimony 

arsenic 

arsenic 

mercury 

mercury 


Notes 


These salts are only 
known of late and have re- 
ceived no particular name 
in the old nomenclature. 


As metals dissolve both 
in nftA>us and nitric acids, 
metallic salts must of con- 
sequence be formed having 
different degrees of oxygen- 
ation. Those wherein the 
metal is least oxygenated 
must be called Nitrites, 
when more so, Nitrates; but 
the limits of this distinc- 
tion are difficultly ascertain- 
able. The older chemists 
were not acquainted with 
any of these salts. 


Silver It is extremely probable that gold, silver, and 

gold platinum only form nitrates, and cannot subsist in 

platinum state of nitrites. 


Section XIII 

Observations upon Nitrous and Nitric Acids and 

their Combinations with Salifiable Bases 

The nitrous and nitric acids are procured 
from a neutral salt long known in the arts un- 
der the name of saltpetre. This salt is extracted 
by lixiviation from the rubbish of old buildings, 
from the earth of cellars, stables, or barns, and 
in general of all inhabited places. In these 
earths the nitric acid is usually combined with 
lime and magnesia, sometimes with potash, 
and rarely with argili. As all these salts, ex- 
cepting the nitrate of potash, attract the 
moisture of the air, and consequently would 
be difficultly preserved, advantage is taken, 
in the manufactures of saltpetre and the 
royal refining-house, of the greater affinity 
of the nitric acid to potash than these other 
bases, by which means the lime, magnesia, 
and argili, are precipitated, and all these 
nitrates are reduc^ to the nitrate of potash or 
saltpetre. 

The nitric acid is procured from this salt by 
distillation, from three parts of pure i^ltpetre 
decomposed by one part of concentrated sul- 
jihuric acid, in a retort with Woulfe’s appara- 
tus, (Plate IV, Fig, 1) having its bottles half 


filled with water, and all its joints carefully 
luted. The nitrous acid passes over in fonn of 
red vapours surcharged with nitrous gas, or, in 
other words, not saturated with oxygen. Part 
of the acid condenses in the recipient in form 
of a dark orange red liquid, while the rest com- 
bines with the water in the bottles. During the 
distillation, a large quantity of oxygen gas es- 
capes, owing to the greater affinity of oxygen 
to caloric in a high temperature than to nitrous 
acid, though in the usual temperature of the 
atmosphere this affinity is reversed. It is from 
the disengagement of oxygen that the nitric 
acid of the neutral salt is in this operation con- 
verted into nitrous acid. It is brought back to 
the state of nitric acid by heating over a gentle 
fire, which drives offthe superabundant nitrous 
gas, and leaves the nitric acid much diluted 
with water. 

Nitric acid is procurable in a more concen- 
trated state, and with much less loss, by mix- 
ing very dry clay with saltpetre. This mixture 
is put into an earthen retort and distilled with 
a strong fire. The clay combines with the pot- 
ash, for which it has great affinity, and the ni- 
tric acid passes over, slightly impregnated with 
nitrous gas. This is easily disengaged by beat- 
ing the acid gently in a retort; a small quantity 
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of mtrouB gas passes over into the recipient, 
and very pure concentrated nitric acid remains 
in the retort. 

We have already seen that azote is the nitric 
radical. If to 20J^ parts, by weight, of azote 
43H parts of oxygen be added, 64 parts of ni- 
trous gas are formed; and, if to this we join 36 
additional parts of oxygen, 100 parts of nitric 
acid result from the combination. Intermedi- 
ate quantities of oxygen between these two 
extremes of oxygenation produce different spe- 
cies of nitrous acid, or, in other words, nitric 
acid less or more impregnated with nitrous gas. 
I ascertained the above proportions by means 
of decomposition; and, though I cannot answer 
for their absolute accuracy, they cannot be far 


removed from truth. M Cavendish, who first 
showed by synthetic experiments thki azote is 
the base of nitric acid, gives the proportions of 
azote a little larger than I have done; but, as 
it is not improbable that he produced the ni- 
trous acid and not the nitric, that circumstance 
explains in some degree the difference in the 
results of our experiments. 

As in all experiments of a philosophical na- 
ture the utmost possible degree of accuracy is 
required, we must procure the nitric acid for 
experimental purposes from nitre which has 
been previously purified from all foreign matter. 
If, after distillation, any sulphuric acid is sus- 
pected in the nitric acid, it is easily separated 
by dropping in a little nitrate of bar 3 rte 8 , so 


Table of the Combinations of Sulphuric Acid with the 
Salifiable Bases, in the Order of Affinity 

Names of the Resvlting Compounds 

Bases New Names Old Names 


Barytes 

Potash 

Soda 


Sulphate of bar 3 rteB 

potash 

soda 


Heavy spar; vitriol of 
heavy earth 

Vitriolated tartar; sal 
de diiobus; arcanum dup^ 
licatam 

Glauber’s salt 


Lime 

Magnesia 

Ammonia 


lime 

magnesia 

ammonia 


Selenite, gypsum, cal- 
careous vitriol 

Epsom salt, sedlitz salt, 
magnesian vitriol 

Glauber’s secret sal am- 
moniac 


Argill 

Oxide of zinc 


iron 


manganese 

cobalt 

nickel 

lead 

tin 


argill Alum 

White vitriol, goslar 
zinc vitriol, white coperas, 

vitriol of zinc 

Green coperas, green 
iron vitriol, martial vitriol, 

vitriol of iron 

manganese Vitriol of manganese 
cobalt Vitriol of cobalt 

nickel Vitriol of nickel 

lead Vitriol of lead 

tin Vitriol of tin 


(Blue coperas, blue vi- 


copper 

copper 

triol, Roman vitriol, vi- 
1 triol of copper 

bismuth 

bismuth 

Vitriol of bismuth 

antimony 

antimony 

Vitriol of antimony 

arsenic 

arsenic 

Vitriol of arsenic 

mercury 

mercury' 

Vitriol of mercury 

silver 

silver 

Vitriol of silver 

gold 

platinum 

gold 

Vitriol of gold 

platinum 

Vitriol of platinum 
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k»ig as an^ pxedipitation t^s place; the sol- 
phs^G act^ from its greater a£^ty, attracts 
ttie barytes and forms with it an insoluble neu- 
tral salt, which falls to the bottom. It may be 
imrified^n the same manner from muriatic 
acid, by dropping in a little nitrate of silver m 
long as any precipitation of muriate of silver is 
produced. \^en these two precipitations are 
finished, distill off about seven-eighths of the 
acid by a gentle heat, and what comes over is 
in the most perfect degree of purity. 

The nitric acid is one of the most prone to 
combination and is at the same time very eas- 
ily decomposed. Almost all the simple sub- 
stanoesy with the exception of gold, silver, and 
platinum, rob it less or more of its oxygen; 
some of tliem even decompose it altogether. It 
was very anciently known, and its combina- 
tions have been more studied by chemists than 
those of any other acid. These combinations 
were named nitres by MM. Macquer and 
Beaum^; but we have changed their names to 
nitrates and nitrites, according as they are 
formed by nitric or by nitrous acid, and have 
added the specific name of each particular base, 
to distinguish the several combinations from 
each other. 

Section XIV 

Observations upon Sulphuric Add and its Com- 

binotioris 

For a long time this acid was procured by 
distillation from sulphate of iron, in which sul- 
phuric acid and oxide of iron are combined ac- 
cording to the process described by Basil Val- 
entine in the fifteenth century; but, in modern 
times, it is procured more economically by the 
combustion of sulphur in proper vessels. Both 
to facilitate the combustion, and to assist the 
oxygenation of the sulphur, a little powdered 
saltpetre, nitrate of potash, is mixed with it; 
the nitre is decomposed and gives out its oxy- 
gen to the sulphur, which contributes to its 
conversion into acid. Notwithstanding this ad- 
dition, the sulphur will only continue to bum 
in close vessels for a Umited timej the combi- 
nation ceases, because the bi^rgen is exhausted 
and the air of the vessels reduced almost to 
pure azotic gas, and because the acid itself re- 
mains long in the state of vapour and hinders 
tiiie progress of combustion. 

In the factories for making sulphuric acid in 
the large way, the mixture of iritre and sulphur 
14 burnt in large close-built chambers lined 
with lead, having a little water at the bottom 


for faeilitatihg thecondenaation oftiie vapours; 
Afterwards, by distiliarion in laige retortswitii 
a gentle heat, the water passes over, slightly 
impregnated with acid, and the sulphuric acid 
renmins b^iind in a concentrated state. It is 
then pellucid, without any flavour, and neaHy 
double the weight of an equal bulk of waters 
This process would be greatly facilitated, and 
the combustion much prolonged, by introduce 
ing fresh air into the chambers by means of 
several pairs of bellows directed towards the 
flame of the sulphur, and by allowing the ni- 
trous gas to escape through long serpentine ca- 
nals, in contact with water, to absorb ^ny sul- 
phuric or sulphurous acid gas it might bontain. 

By one experiment, M. Berthollet found 
that 69 parts of sulphur in combustion united 
with 31 parts of oxygen to form 100 mrts of 
sulphuric acid; and, by another experiment, 
made in a different manner, he calculate that 
100 parts of sulphuric acid consists of 72^parts 
sulphur, combined with 28 parts of oxygen, all 
by weight. 

Table of the Comhmaiions of the Sulphurous 
Add with the Salifiable Bases, in the 
Order of Affinity 

Names of the Bases Names of the NevXral Salts 


Barytes 

Sulphite of barytes 

Potash 

potash 

Soda 

soda 

Lime 

lime 

Magnesia 

magnesia 

Ammonia 

ammonia 

Argill 

argill 

Oxide of zinc 

zinc 

iron 

iron 

manganese 

manganese 

cobalt 

cobalt 

nickel 

nickel 

lead 

lead 

tin 

tin 

copper 

copper 

bismuth 

bismuth 

antimony 

antimony 

arsenic 

arsenic 

mercury 

mercury 

silver 

silver 

gold 

gold 

platinum 

platinum 


Note. The only one of these salts known to the old 
chemists was the sulphite of potash, under the name 
of StahVs sulphureous salt. So that, before our new 
nomenclature, these compounds must have been 
named Stahl's sulphureous salU having base of fixed 
vegetable alkali, and 86 of the rest. 

In this table we have followed Bergman’s order of 
afiinity of the sulphuric acid, which is the same in 
regard to the earths and idkalies, but it is not certain 
if the order be the siune for the metaltio oxides.— 
AtITBOB. 
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Thb ftdd,m«ammo&vith every dther, can . .SbotionXV. . ! 

onljr dissolve metob when they have been ine- ■. ; n- 

viously oxidated; but most of the metals are Objem^ upon AM ond.te 

capable of decomposing a part of the wad, so Ctmlnnaima with Sdtfiai^ Bmei . 

as to carry off a sufficient quantity of oxygen The sulphurous acid is formed by .the union 
to render themselv^ soluble in the paii of the of oxygen with sulphur by a kisser degree df 
acid which remains undecomposed. This hap- oxygenation than the sulphuric acid. It is pro? 
pens with silver, mercury, iron, and zinc, in curableeither by burning sulphur slowiy,^ or 

boiling concentrated sulphuric acid; they be- distilling sulphuric acid frm silver, antimony^ 
come first oxidated by decomposing part of lead, mercury, or charcoal; by wbi^ operation 
the acid, and then dissolve in the other part; a part of the oxygen quits the acid and unites 
but they do not sufficiently disoxygenate the to these oxidable bases, and the acid passes 
decomposed part of the acid to reconvert it over in the sulphurous state of oxygenatkm. 
into sulphur; it is only reduced to the state of This acid, in the common pressure and tem- 
sulphurous acid, which, being volatilised by perature of the air, can only exist in form Of 
the heat, files ofi in form of sulphurous acid gas. gaS; but it appears, from the experiments of 

Silver, mercury, and all the other metals ex- M, Clouet, that, in a very low temperature, it 
cept iron and zinc, are insoluble in diluted sul- condenses and becomes fluid. Water absorb a 
phuric acid, because they have not sufficient great deal more of this gas than of carbonic 
affinity with oxygen to draw it off from its com- acid gas, but much less than it does of muriatic 
bination either with the sulphur, the sulphur- acid gas. 

ous acid, or the hydrogen; but iron and zinc. That the metals cannot be dissolved in acids 
being assisted by the action of the acid, de- without being previously oxidated, or by pro- 
compose the water and become oxidated at its curing oxygen for that purpose from the acids 
expense, without the help of heat during solution, is a general and well estab- 


Table of the Combinatiom of Phosphorous and Phosphoric 
AcidSf with the Salifiable Bases, in Order of Affinity 


Names of the 

Names of the Neutral Salts formed by 

Bases 

Plwsphorous Add 

Phosphoric AdC 

Lime 

Phosphites of lime’ Phosphates of lime’ 

Barytes 

barytes 

barytes 

Magnesia 

magnesia 

magnesia 

Potash 

potash 

potash 

Soda 

soda . 

soda 

Ammonia 

ammonia 

ammonia 

Argill 

argill 

argill . 
zinc 

Oxides of zinc^ 

zinc 

iron 

iron 

iron 

manganese manganese 

manganese 

cobalt 

cobalt 

cobalt 

nickel 

nickel 

nickel 

lead 

lead 

lead 

tin 

tin 

rin 

copper 

copper 

copper 

bismuth 

bismuth 

bismuth 

antimony 

antimony 

antimony 

araenio 

arsenic 

* arsenic 

mercuiy 

mercury 

. mercury 

silver 

silver 

silver 

gold 

gold 

gold 

platinum 

platinum 

platinum 


1 The existence of mi»tallic phosphites supposes that metals are suscep- 
tible of solution in phosphoric acid at different degrees ol oxygenation, 
which is not yet aacortaiUed.— Author. 

* All the phdsphitea were unknown till ialely, and consequently hiive > 

notyet received names, --A uthoi^ j.. j ^ r 'IZ, 

* The greater part of the phosphates were ohly discovered of 
have not yet been named.— -A uthob. 
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lisfaed fact which I have perhaps repeated too 
oftc^ Hence, as sulphurous acid is already de- 
prive of great part of the oxygen necessary 
for forming the sulphuric acid, it is more dis- 
posed to recover oxygen than to furnish it to 
the greatest part of the metals; and, for this 
reason, it cannot dissolve them unless previous- 
ly oxidated by other means. From the same 
prindple it is that the metallic oxides dissolve 
without effervescence, and with great facility, 
in sulphurous acid. This acid, like the muri- 
atic, has even the property of dissolving me- 
tallic oxides surcharged with oxygen, and con- 
sequently insoluble in sulphuric acid, and in 
this way forms true sulphates. Hence we might 
be led to conclude that there are no metallic 
sulphites, were it not that the phenomena 
which accompany the solution of iron, mer- 


cury, and some other metals, convince us that 
these metallic substances are susceptible of 
two degrees of oxidation, during their solution 
in acids. Hence the neutral salt in which the 
metal is least oxidated must be named 6ulphit€f 
and that in which it is fully oxidated must be 
called sulphate. It is yet unknown whether this 
distinction is applicable to any of the metallic 
sulphates, except those of iron and mercury. 

Section XVI 

Observations upon Phosphorous and Phosphoric 
Acids and ikeir Comhinalions with Salifiable 

Under the article Phosphorus, PartuI, Sec- 
tion IX, we have already given a history of the 
discovery of that singular substance, wiifi some 


Table of the Combinations of Carbonic Actd, with the 
Salifiable Bases, in the Order of Affinity 


Names of Resulting Neutral Salts 

Baset^ New Names Old Names 


Barytes Carbonates of bar 3 rte 8 

Lime 

lime 

Potash 

potash 

Soda 

soda 

Magnesia 

magnesia 

Ammonia 

ammonia 

Arj^ll 

argill 

Oxide of ziri(; 

zinc 

iron 

iron 

manganese 

manganese 

cobalt 

cobalt 

nickel 

nickel 

lead 

lead 

tin 

tin 

copper 

copper 

bismuth 

bismuth 

antimoUy 

antimony 

ansenic 

arsenic 

mercury 

mercury 

silver 

silver 

gold 

gold 

platinum 

platinum 


Aerated or effervescent heavy earth 
Chalk, calcareous spar, aerated cal- 
careous earth 

Effervescing or aerated fixed vege- 
table alkali, mephitis of potash 
Aerated or effervescing fixed mineral 
alkali, mephitic soda 
Aerated, effervescing, mild, or me- 
phitic magnesia 

Aerated, effervescing, mild, or me- 
phitic volatile alkali 
Aerated or effervescing argillaceous 
earth, or earth of alum 
Zinc spar, mephitic or aerated zinc 
Sparry iron-ore, mephitic or aerated 
iron 

Aerated manganese 
Aerated cobalt 
Aerated nickel 

Sparry lead-ore, or aerated lead 

Aerated tin 

Aerated copper 

Aerated bismuth 

Aerated antimony 

Aerated arsenic 

Aerated mercuiy 

Aerated silver 

Aerated gold 

Aerated platinum 


1 As these salts have only been understood of late, they have not, properly 
speaking, any old names. M. Morveau, in the first volume of the Encydopedia, 
calls them Mephites; M. Bergman gives them the name of aerated; and M. de 
Fourcroy, who calls the carbonic aoidehalhy acid, gives them the name of ehalke. 
— Autbob. 
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observations upon the mode of its existence in 
vegetable and animal bodies. The best method 
of obtaining this acid in a state of purity is by 
burning well purified phosphorus under bell- 
glasses, moistened on the inside with distilled 
water; during combustion it absorbs twice and 
a half its weight of oxygen; so that 100 parts of 
phosphoric acid is composed of 28)4 of 
phosphorus united to 71J^ parts of oxygen. 
This acid may be obtained concrete, in form of 
white flakes which greedily attract the moist- 
ure of the air, by burning phosphorus in a dry 
glass over mercury. 

To obtain phosphorous acid, which js phos- 
phorus less oxygenated than in the state of 
phosphoric acid, the phosphorus must be burnt 
by a very slow spontaneous combustion over 
a glass-funnel leading into a crystal phial; after 
a few days, the phosphorus is found oxygen- 
ated, and the phosphorous acid, in proportion 
as it forms, has attracted moisture from the 
air and dropped into the phial. The phospho- 
rous acid is readily changed into phosphoric 
acid by exi)osure for a long time to the free air; 
it absorbs oxygen from the air and becomes 
fully oxygenated. 

As phosphorus has a suflicient aflinity for 
oxygen to attract it from the nitric and muri- 
atic acids, we may form phosphoric acid by 
means of these acids in a very simple and cheap 
manner. Fill a tubulated receiver half full of 
concentrated nitric acid and heat it gently, 
then throw in small pieces of phosphorus 
through the tube; these are dissolved with ef- 
fervescence and red fumes of nitrous gas fly 
off; add phosphorus so long as it will dissolve, 
and then increase the fire under the retort to 
drive off the last particles of nitric acid; phos- 
phoric acid, partly fiuid and partly concrete, 
remains in the retort. 

Skction XVII 

Obsewations upon Carbonic Acid and its Com- 

binalions wM Salifiable Bases 

Of all the known acids, the carbonic is the 
most abundant in nature ; it exists ready formed 
in chalk, marble, and all the calcareous stones, 
in which it is neutralised by a particular earth 
called lime. To disengage it from this combi- 
nation, nothing more is requisite than to add 
some sulphuric acid, or any other which has a 
stronger affinity for lime; a brisk effervescence 
ensues, which is produced by the disengagement 
of the' carbonic acid which assumes the stote of 
gas immediately upon being set free. This gas, 


71 

incapable of being condensed into the solid or 
liquid form by any degree of cold or of pressure 
hitherto known, unites to about its own bulk 
of water and thereby forms a very weak acid. 
It may likewise be obtained in great abund- 
ance from saccharine matter in fermentation 
but is then contaminated by a small portion of 
alcohol which it holds in solution. 

As charcoal is the radical of this acid, we 
may form it artificially by burning charcoal 
in oxygen gas, or by combining charcoal, 
and metallic oxides in proper proportions; the 
oxygen of the oxide combines with the char- 
coal, forming carbonic acid gas, and the metal 
being left free recovers its metallic or reguline 
form. 

We are indebted for our fimt knowledge of 
this acid to Dr. Black, before whose time its 
property of remaining always in the state of 
gas had made it to elude the researches of 
chemistry. 

It would be a most valuable discovery to so- 
ciety if we could decompose this gas by any 
cheap process, as by that means we might ob- 
tain, for economical purposes, the immense 
store of charcoal contained in calcareous earths, 
marbles, limestones, &c. This cannot be ef- 
fected by single affinity, because to decompose 
the carbonic acid it requires a substance as 

Table of the Combinations of Oxygenated 
Muriatic Acid with the Salifiable Bases, 
in the Order of Affinity 


Names of the Bases 

Neutral Salts, New Names 

Barytes Oxygenated muriate of barytes 

Potash 

potash 

Soda 

soda 

Lime 

lime 

Magnesia 

magneaa 

Argill 

argill 

Oxide of zinc 

zinc 

iron 

iron 

manganese 

manganese 

cobalt 

cobalt 

nickel 

nickel 

lead 

lead 

tin 

tin 

copper 

copper 

bismuth 

bismuth 

antimony 

antimony 

arsenic 

arsenic 

mercury 

mercury 

silver 

ttlver 

gold 

gold , 

platinum 

platinum 


This order of salts, entirely unknown tjOr^e m- 
cient chemists, was discovered in 1786 by M. Bcir- 
tholiet.— AmnoB. 
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Names of the 
Baaee 


qf the Combinatiom of MwriaJtAc Add iMh 
Salifiable Baeee in the Order qf Affinity 

ReevU^ Feviral Salts 
New Names Old Names 


^he 


Barytes Muriate of barytes 


Potash 

potash 

Soda 

soda 

Lime 

lime 

Magnesia 

magnesia 

Ammonia 

ammonia 

Argil! 

ar^l 

Oxide of zinc 
iron 

manganese 

cobalt 

nickel 

zinc 

iron 

manganese 

cobalt 

nickel 

lead 

lead 

tin 

smoking of tin 
solid of tin 

copper 

bismuth 

antimony 

arsenic 

copper 

bismuth 

antimony 

arsenic 

mercury 

sweet of mercury 

corrosive of 
mercury 

silver 

rilver 

gold 

platinum 

gold 

platinum 


Sea-salt, having base of 
heavy earth 

Febrifuge salt of Sylvius; 

Muriated vegetable fixed 

alkali 

Sea-salt 

Muriated Ume 

Oil of lime 

Marine Epsom salt 

Muriated magnesia 

Sal ammoniac 

I Muriated alum, sea-salt with 
base of earth of alum 
Sea-salt of, or muriatic zinc 
Salt of iron. Martial sea-salt 
Sea-salt of manganese 
Sea-salt of col>alt 
Sea-salt of nickel 
Horny-lead; plumbum 
carneum 

Smoking liquor of Libavius 
Solid butter of tin 
Sea-salt of copper 
Sea-salt of bismuth 
Sea-salt of antimony 
Sea-salt of arsenic 
Sweet sublimate of mercury, 
calomel, aquila alba 
Corrosive sublimate of 
mercury 

Homy silver, argentum 
comeurn, luna cornea 
Sea-salt of gold 
Searsalt of platinum 


combustible as charcoal itself, so that we should 
only make an exchange of one combustible 
body for another not more valuable ; but it may 
possibly be accomplished by double affinity, 
since this process is so readily performed by 
nature during vegetation from the most com- 
mon materials. 

Section XVIII . 

Obeerpaiianeupon Muriatic ondOxygenatedMur 
riatic Add and their ComhinaJtions vnOi Soli- 
fieble Baeee 

l^iuriatlts acid is very abundant in the min- 
kingdom naturally combined i^th differ- 
iSift salifiable bases, esp^ally with soda, lime, 
and magnesia. In sea-water, and the water of 


several lakes, it is combined with these three 
bases, and in mines of rock-salt it is chiefly 
united to soda. This acid does not appear to 
have been hitherto decomposed in any chem- 
ical experiment; so that we have no idea what- 
ever of the nature of its radical and only con- 
clude from analogy with the other acids that it 
contains oxygen as its acidifying principle. 
BerthoUet suspects the radical to be of a me- 
tallic nature; but, as nature appears to form 
this acid daily in inhabited places by combine 
ing miasmata with aeriform ^fluids, this must 
necessarily suppose a metallic gas to exist in 
the atmosphere, which is certaii^y not impos- 
«ble but cannot be admitted without p^f. . 

The muriatb acid has only a moderate ad- 
herence to the salifiable bases and can readily 
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be driven irotn its combinaiion with these by 
sulphuric acid. Other adds, as the nitric for 
instance, may answer the same purpose; but 
nitric acid being volatile would mix, during 
distillation, with the muriatic. About one part 
of sulphuric acid is sufficient to decompose two 
parts of decrepitated sea^salt. This operation 
is performed in a tubulated retort, having 
Woulfe’s apparatus, (Plate iv. Fig. 1), adapted 
to it. When all the junctures are properly luted, 
the seangalt is put into the retort through the 
tube, the sulphuric acid is poured on, and the 
opening immediately closed with its ground 
crystal stopper. As the muriatic acid can only 
subsist in the gaseous form in the ordinary 
temperature, we could not condense it without 
the presence of water. Hence the use of the 
water with which the bottles in Wouife’s ap- 
paratus are half filled; the muriatic acid gas, 
driven off from the sea-salt in the retort, com- 
bines with the water and forms what the old 
chemists called smoking spirit of salt^ or Glaur 
her*8 spirit of seorsalt, which we now name 
muriatic add. 

Table of the CornhiruUions of Nitro-Muriatic 
Add vdth the Salifiable Bases in the Order 
of Affinity so Far as is Knoxm 

Names of the Bases Names of the Neutral Salts 
Argill Kitro-muriate of argill 


Ammonia 

ammonia 

Oxide of antimony 

antimony 

silver 

silver 

arsenic 

arsenic 

Barytes 

barytes 

Oxide of bismuth 

bismuth 

Lime 

lime 

Oxide of cobalt 

cobalt 

copper 

copper 

tin 

tin 

iron 

iron 

Magnesia 

magnesia 

Oxide of manganese 

manganese 

mercury 

mercury 

molybdenum 

molybdenum 

nickel 

nickel 

gold 

gold 

platinum 

platinum 

lead 

lead 

Potash 

potash 

Soda 

soda 

Oxide of tungsten 

tungsten 

zinc 

zinc 


*Mo8t of these Qombinatione* especially 
those with the earths and alkalies, have been little 
examin^, and we are yet to learn whether they 
form a iidxed salt in whid^ the oompound radical 
TSipitins oombiaed, or if the two adds separate to 
form two distinct neutral salts. — Auvaos. 


The acid obtained by, the above; prooess 
still capable of combiuhatg with a furib^ dose 
of oxygen, by being distilled from the oxides^o! 
mangan^, lead, or mercury, and the resultii^; 
acid, which we name oxyyeaotedi munaHc addi 
can only, like the former, exist in the gaseous 
form and is absorbed in a much smaller quan- 
tity by water. When the impregnatipn of water 
with this gas is pushed beyond a certain point, 
the superabundant acid precipitates to the 
bottom of the vessels in a concrete form. M. 
Berthollet has shown that this acid is capable 
of combining with a great number of the. sab 
ifiable bases; the neutral salts which result 
from this union are susceptible of deflagrating 
with charcoal and many of the metallic sul> 
stances; these deflagrations are very violent 
and dangerous, owing to the great quantity of 
caloric which the oxygen carries alongst with 
it into the composition of oxygenated muriatic 
acid. 

Section XIX 

Observations upon NiirchMuriatic Add and its 

Combinations with Salifiable Bases 

The nitro-muriatic acid, formerly called aqua 
regia, is formed by a mixture of nitric and mu- 
riatic acids; the radicals of these two acids 
combine together and form a compound base, 
from which an acid is produced, having prop- 
erties peculiar to itself and distinct from those 
of all other acids, especially the property of 
dissolving gold and platinum. 

In dissolutions of metals in this acid, as in 
all other acids, the metals are first oxidated by 
attracting a part of the oxygen from the com- 
pound radical. This occasions a disengagement 
of a particular species of gas not hitherto de- 
scribed, which may be called nitro-muriatiegas; 
it has a very disagreeable smell and is fatal to 
animal life when respired; it attacks iron' and 
causes it to rust; it is absorbed in considmble 
quantity by water, which thereby acquiressome 
slight characters of acidity. I had occasion to 
make these remarks during a course of experi- 
ments upon platinum, in which I dissdlv^ a 
considerable quantity of that metal ki ni^bo- 
muriatic acid. 

I at first suspected that in the mixtu^e^of ni- 
tric ‘and muriatic acids the latter attrkoted a 
part of the oxygen from the former and bekme 
converted into oxygenated muriatic add, wkch 
gave it the property of dissolving but 
severiil facts remmn inexpflCabk uponi^ sup- 
position. Were it so, we must be eUe to dnefn- 
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ga^ nitroua gas by heating this acid, which 
however does not sensibly happen. From these 
con^detatibns, I am ted to adopt the opinion 
of ]^. Berthollet and to consider nitro-muri- 
atic add as a single acid, with a compound 
base or radical. 


Table of the Combimlions of Fluoric Add 
triOi ihe SaJUfidbU BaseSj in the Order 
of Affinity 


Names of the Bases 

Names of the Neutral Salts 

Lime 

Fluat of lime 

Baiytes 

barytes 

Magnesia 

magnesia 

Potash 

potash 

Soda 

soda 

Ammonia 

ammonia 

Oxide of zinc 

zinc 

manganese 

manganese 

iron 

iron 

lead 

lead 

tin 

tin 

cobalt 

cobalt 

copper 

copper 

nickel 

nickel 

arsenic 

arsenic 

bismuth 

bismuth 

mercury 

mercury 

silver 

silver 

gold 

gold 

platinum 

platinum 

And by the dry way, 
Argill 

Fluat of argill 


Note , — These combinations wore entirely unknown 
to the old chemists, and consequently have no names 
in the old nomenclature. — A uthob. 


Section XX 

Obaervaliorts uptm the Fluoric Acid and its 

Cofnbinalions wUh Salifiable Bases 

Fluoric exists ready formed by nature in the 
fluoric spars, combined with calcareous earth 
so as to form an insoluble neutral salt. To ob- 
tain it disengaged from that combination, fluor 
spar, or fluat of lime, is put into a leaden re- 
tort, with a proper quantity of sulphuric acid; 
a recipient likewise of lead, half full of water, is 
adapted, and fire is applied to the retort. The 
sulphuric acid, from its greater affinity, expels 
tibe fluoric add which passes over and is ab- 
sorbed by the water in the receiver. As fluoric 
acid is naturally in the gaseous form in the or- 
dixlary temperature, we can receive it in a pneu- 
ndito^hemidal apparatus over mercury. We 
^ obliged to. employ metallic vessels in this 
pioidess, because fluoric acid dissolves glass and 


silkious earth and even renders these bodies 
volatile, carrying them over with itself in dis- 
tillation in the gaseous form. 

We are indebted to M. Margraff for our 
first acquaintance with this acid, though, as he 
could never procure it free from combination 
with a considerable quantity of silicious earth, 
he was ignorant of its being an acid sui generis* 
The Duke de Liancourt, under the name of M. 
Boulanger, considerably increased our knowl- 
edge of its properties; and M. Scheele seems 
to have exhausted the subject. The only thing 
remaining is to endeavour to discover the na- 
ture of the fluoric radical, of which we cannot 
form any idpas as the acid does not a]|pcar to 
have been decomposed in any experimmit. It is 
only by means of compound affinity mat ex- 
periments can be made with this view with any 
probability of success. \ 


Table of the Comhinaiions of Boracic Add 
with the Salifiable Bases, in the Order 
of Affinity 


Bases 

Neutral Salts 

Lime 

Borate of lime 

Barytes 

barytes 

Magnesia 

magnesia 

Potash 

potash 

Soda 

soda 

Ammonia 

ammonia 

Oxide of zinc 

zinc 

iron 

iron 

lead 

lead 

tin 

tin 

cobalt 

cobalt 

copper 

copper 

nickel 

nickel 

mercury 

mercury 

Argill 

argill 


Note . — Most of these combinations were neither 
kno^m nor named by the old chemists. The boracic 
acid was formerly called sedative salt and its com- 
pounds borax* with base of fixed vegetable alkali, 
&c. — Authob. 

Section XXI 

Observations upon Boracic Acid and its Coin- 
binations with Salifiable Bases 

This is a concrete acid extracted from a salt 
procured from India called borax or tincall. Al- 
though borax has been very long employed in 
the arts, we have as yet very imperfect knowl- 
edge of its origin and of the methods by vrhich 
it is extracted and purified; there is reason to 
believe it to be a native salt, found in the earth 
in certain parts of the east and in the water of 
some lakes. The whole trade of borax is in the 



CHEMISTRY 


hands of the Dutch, who have been exclusive- 
ly possessed of the art of purifjring it till very 
lately when MM. L'Eguillier of Paris have 
rivalled them in the manufacture ; but the proc- 
ess still remains a secret to the world. 

By chemical analysis we learn that borax is 
a neutral salt with excess of base, consisting of 
soda, partly saturated with a peculiar acid 
long called Homherg^s sedative salty now the ho- 
rack acid. This acid is found in an uncombined 
state in the waters of certain lakes. That of 
Cherchiaio in Italy contains 94^^ grains in 
each pint of water. 

To obtain boracic acid, dissolve some borax 
in boiling water, filtrate the solution, and add 
sulphuric acid, or any other having greater af- 
finity to soda than the boracic acid ; this latter 
acid is separated and is procured in a crystal- 
line form by cooling. This acid was long con- 
sidered as being formed during the process by 
which it is obtained and was consequently sup- 
posed to differ according to the nature of the 
acid employed in separating it from the soda; 
but it is now universally acknowledged that it 
is identically the same acid, in whatever way 
procured, provided it be properly purified from 
mixture of other acids by washing and by re- 

Table of the Combinations of Arseniac Add 
with the Salifiable BaseSy in the Order 
of Affinity 


Bases Neutral Salts 


Lime 

Arseniate of lime 

Barytes 

barytes 

Magnesia 

magnesia 

Potash 

potash 

Soda 

soda 

Ammonia 

ammonia 

Oxide of zinc 

zinc 

manganese 

manganese 

iron 

iron 

lead 

lead 

tin 

tin 

cobalt 

cobalt 

copper 

copper 

nickel 

nickel 

bismuth 

bismuth 

mercury 

mercuiy 

antimony 

antimony 

silver 

silver 

gold 

gold 

platinum 

platinum 

Arrill 

argill 


jVote.— This order of salts was entirely unknown 
to the ancient chemists. M. MacQuer* in 1746, dis- 
covered the combinations of arseniac acid with 
potash 'And soda, to which he gave the name of 
arsenical netUral salts. — Axtthob. 
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peated solution and crystallization. It is solu- 
ble both in water and alcohol and has the prop- 
erty of communicating a green colour to the 
fiame of that spirit. This circumstance led to a 
suspicion of its containing copper, which is not 
confirmed by any decisive experiment. On the 
contrary, if it contain any of that metal, it 
must only be considered as an accidental mix- 
ture. It combines with the salifiable bases in 
the humid way; and though, in this manner, it 
is incapable of dissolving any of the metals di- 
rectly, this combination is readily effected by 
compound affinity. 

The table presents its combinations in tile 
order of affinity in the humid way; but there is 
a considerable change in the order when we 
operate im sicca; for, in that case, argill, though 
the last in our list, must be placed immediately 
after soda. 

The boracic radical is hitherto unknown; no 
experiments having as yet been able to decom- 
pose the acid; we conclude, from analogy with 
the other acids, that oxygen exists in its com- 
position as the acidifying principle. 

Section XXII 

Observations upon Arseniac Acid and its Com- 
binations with Salifiable Bases 

In the Recmil de VAcadimie for 1746, M. 
Macquer shows that when a mixture of white 
oxide of arsenic and nitre are subjected to the 
action of a strong fire a neutral salt is obtained, 
which he calls neutral salt of arsenk. At that 
time, the cause of this singular phenomenon, 
in which a metal acts the part of an acid, was 
quite unknown; but more modem experiments 
teach that during this process the arsenic be- 
comes oxygenated, by carrying off the oxygen 
of the nitric acid; it is thus converted into a 
real acid and combines with the potash. There 
are other methods now known for oxygenating 
arsenic and obtaining its acid free from com- 
bination. The most simple and most effectual 
of these is as follows: dissolve white oxide of 
arsenic in three parts, by weight, of muriatiq 
acid; to this solution, in a boiling state, add 
two parts of nitric acid and evaporate to dry- 
ness. In this process the nitric arid is decom- 
posed, its oxygen unites with the oxide of aF% 
senic and converts it into an acid, and the ni- 
trous radical files off in the state of nitrous gas; 
whilst the muriatic acid is convert by the 
heat into muriatic arid gas and may be col- 
lected in proper vessels. The arseniac acid is 
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freed from the 'Other acids ^ployed 
during the process by heating it in a crudble 
till it begins to grow red; what remains is pure 
concrete arseniac acid. 

Scheele’s process, which was repeated 
with great success by M. Morveau in the lab- 
oratory at Dijon, is as follows: distil muriatic 
acid from the black oxide of manganese; this 
converts it into oxygenated muriatic acid; by 
eariying off the oxygen from the manganese; 
receive this in a recipient containing white 
oxide of arsenic, covered by a little distilled 
water; the arsenic decomposes the oxygenated 
muriatic acid by carrying off its supersatura- 
tion of oxygen; the arsenic is convert^ into ar- 
seniac acid, and the oxygenated muriatic acid 
is brought back to the state of common muri- 
atic acid. The two acids are separated by dis- 
tillation, with a gentle heat increased towards 
the end of the operation; the muriatic acid 
passes over and the arseniac acid remains be- 
hind in a white concrete form. 

The arseniac acid is considerably less vola- 
tile than white oxide of arsenic; it often con- 
tains white oxide of arsenic in solution, owing 
to its not being sufficiently oxygenated; this is 
prevented by continuing to add nitrous acid, 
as, in the former process, till no more nitrous 
gas is produced. From all these observations I 
would give the following definition of arseniac 
acid. It is a white concrete metallic acid, formed 
by the combination of arsenic with oxygen, 
fixed in a red heat, soluble in water, and ca- 
pable of combining with many of the salifiable 
bases. 

Section XXIII 


ObservaUons upon Molyhdic Add and its Com- 
binations with Salifiable Bases 


/ Molybdenum is a particular metallic body, 
capable of being oxygenated so far as to be- 
come a true concrete acid.^ For this purpose, 
onepartoreof molybdenum, which is a natural 
sulphuret of that metal, is put into a retort 
with five or six parts nitric acid, diluted with a 
quarter of its wright of water, and heat is ap- 
plied to the retori; ; the oxygen of the nitric acid 
acts both upon the molybdenum and the sul- 
phur, converiing the one into molybdic and 
the other into eulphuric acid; pour on fresh 
quantitiec of nitric acid so long as any red 
fumes of nitrous gas escape; the mol 3 rbdenum 


/This acid was discovered by M. Sdbeelc, to 
riiemistry is indebted for the discovery of 
several 'oltoacids.-^j4trmOE. r 


is then oxygenated as far as is possible and id 
found at the bottom of ^ retori in a pulveru^ 
lent form, resembling dialk. It roust be washed 
in warm water, to separate any adhering parti- 
cles of sulphuric acid; and, as it is hardly sol- 
uble, we lose very little of it in this operation. 
All its combinations with salifiable b^es were 
unknown to the ancient chemists. 

Table of th^ Combinations of Tungstic Acid 
with the Salifiable Bases 

Bases Neutral Sdts 

Lime Tungstate of lime 

Barytes 
Magnesia ’ 

Potash 
Soda 
Ammonia 
Arpll 

Oxide of antimony, Ac. 



Section XXIV 

Observations upon Tungstic Acid and its Com- 
binations with Salifiable Bases 

Tungsten is a particular metal, the ore of 
which has frequently been confounded with 
that of tin. The specific gravity of this ore (s to 
water as 6 to 1 ; in its form of crystallization it 
resembles the garnet and varies in colour from 
a pearl-white to yellow and reddish ; it is found 
in several parts of Saxony and Bohemia. The 
mineral called mlfram, which is frequent in 
the mines of Cornwall, is likewise an ore of 
this metal. In all these ores the metal is oxi- 
dated; and, in some of them, it appears even 
to be oxygenated to the state of acid, being 
combined with lime into a true tungstate of 
lime. 

To obtain the acid free, mix one part of ore 
of tungsten with four parts of carbonate of pot- 
ash and melt the mixture in a crucible; then 
powder and pour on twelve parts of boiling wa- 
ter, add nitric acid, and the tungstic acid pre- 
cipitates in a concrete form. Afterwards, to in- 
sure the complete oxygenation of the metal, 
add more nitric acid and evaporate to dryness, 
repeating this operation so long as red fumes of 
nitrous gas are produced. To procure tungstic 
acid perfectly pure, the fusion of the ore with 
carbonate of potash must be made in a crucible 
of platinum, otherwise the earih of the com- 

<A11 tbesQ salts were unknown tp the anoi^i 
chemists.— Autbob. ,, , 
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mm crucibles will mix with the products and 
adulterate the acid* , 


TABiiE of the CorMncUima cf Tartarom Acid 
wUh the Salifiable Bases, in the Order , 
of Affinity 


Bases 

Neutral Salts 

Lime 

Tartarite of lime 

Barytes 

barytes 

Magnesia 

magnesia 

Potash 

potash 

Soda 

soda 

Ammonia 

ammonia 

Argyll 

argill 

Oxide of zinc 

zinc 

iron 

iron 

manganese 

manganese 

cobalt 

cobalt 

nickel 

nickel 

lead 

lead 

tin 

tin 

copper 

copper 

bismuth 

bismuth 

antimony 

antimony 

arsenic 

arsenic 

silver 

rilver 

mercury * 

mercury 

gold 

gold 

{darinum 

platinum 


Section XXV 

ObservaHons upon Tartarous Add and its Comr 

binations with Salifiable Bases 

Tartar, or the concretion which fixes to the 
inside of vessels in which the fermentation of 
wine is completed, is a well known salt, com- 
posed of a peculiar acid united in considerable 
excess to potash. M. Scheele first pointed out 
the method of obtaining this acid pure. Having 
observed that it has a greater affimty to lime 
than to potash, he directs us to proo^ in the 
following manner. Dissolve purified tarter in 
boiling water and add a sufficient quantity of 
lime till the acid be completely saturated. The 
tertarite of lime which is formed, being almost 
insoluble in cold water, falls to the bottom and 
is separated from the solution of potash by de- 
cantation; it is afterwards wash^ in cold 
ter and dried ; then pour on some sulphuric acid, 
diluted with eight or nine parts of water, digest 
for twelve hours in a gentle heat, frequently 
sthimg the mixturie; the sulphuric acid opixh 
bines with the lime, and the tartarous mid 
left free. A small quantity of gas, not yet ex- 
aintnet^, b disengaged during tins process. At 
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the of twelve hours, having decanted aS 
the dear liquor, wash the sulphate of lime in 
cold water, which add to the decanted liquOT, 
then evaporate the whole, and the tartarous 
acid is obtained in a concreteform. Two pounds 
of purified tarter, by means of from e^t to 
ten ounces of sulphuric acid, yield about elev- 
en ounces of tartarous acid. 

As the combustible radical exists in excess^ 
or as the acid from tartar is not fully saturated 
with oxygen, we call it tartarous acid, and the 
neutral salts formed by its combinations with 
salifiable bases tartarites. The base of the ter- 
tarous acid is a carbono-hydrous or hydro-car- 
bonous radical, less oxygenated than in the ox- 
alic acid; and it would appear, from the exper- 
iments of M. Hassenfratz, that azote entm 
into the composition of the tartarous radical 
even in considerable quantity. By oxygenating 
the tartarous acid, it is convertible into oxalic, 
malic, and acetous acids; but it is probable the 
proportions of hydrogen and charcoal in the 
radical are changed during these conversions, 
and that the difference between these adds 
does not alone consist in the different degrees 
of oxygenation. 

The tartarous acid is susceptible of two de- 
grees of saturation in its combinations with the 
fixed alkalies; by one of these a salt is formed 
with excess of acid, improperly called cream of 
tartar, which in our new nomenclature is named 
addulous tartarite of potash; by a second or 
equal degree of saturation a perfectly neutral 
salt is formed, formerly called vegetable salt, 
which we name tartarite of potash* With soda 
this acid forms tertarite of soda, formerly called 
sal de Seignette, or sal polychrest of RodwU* 

Section XXVI 

Observations upon Malic Add and its Cornbinar 

tions with Salifiabk Bases 

The malic acid exists ready formed in the 
sour juice of ripe and unripe apples, and mahy 
other fruits, and is obtained as follows: satu- 
rate the juice of apples with potash or soda and 
add a proper proportion of acetite of lead dis- 
solved in water; a double decomposition takes 
place; the malic acid combines with the oxide 
of lead and precipitates, being almost , insolu- 
ble, and the acetite of potash or spda 
in ^efiquor. The malate of lead being 
ed by d^ntetion is washed .wi& lcold water, 
and scNcoe <filute sulphuric add is j 
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unites with the lead into an insoluble sul- 
phate and the malic acid remains free in the 
liquor. 

This acid, which is found mixed with citric 
and tartarous acid in a great number of fruits, 
is a kind of medium between oxalic and 
acetous acids, being more oxygenated than the 
former and less so than the latter. From this 
circumstance, M. Hermbstadt calls it imper- 
fect vinegar; but it differs likewise from ace- 
tous acid, by having rather more charcoal 
and less hydrogen in the composition of its 
radical. 

When an acid much diluted has been used in 
the foregoing process, the liquor contains oxalic 
as well as malic acid and probably a little tar- 
tarous; these are separated by mixing lime- 
water with the acids, oxalate, tartarite, and 
malate of lime are produced; the two former, 


- - Table of the Combinations of Citric Acid 
with the Salifiable Bases, in the Order 
of Affinity^ 


Bases 

Neutral Salts 

Barytes 

Citrate of barytes 

Lime 

lime 

Magnesia 

magnesia 

Potash 

potash 

Soda 

soda 

Ammonia 

ammonia 

Oxide of zinc 

zinc 

manganese 

manganese 

iron 

iron 

lead 

lead 

cobalt 

cobalt 

copper 

copper 

arsenic 

arsenic 

mercury 

mercury 

antimony 

antimony 

silver 

silver 

gold 

gold 

platinum 

platinum 

ArgiU 

argill 


being insoluble, are precipitated, and the 
malate of lime remains dissolved ; from this the 
pure ma,lic acid is separated by the acetite of 
lead and afterwards by sulphuric acid, as direct- 
ed above. 

Sbcjtion XXVII 

Observations upon Citric Add and its Comhinor 
done with Salifiable Bases 

TOe citric acid is procured by expression 
from lemons and is found in the juices of many 

i These combinations were unknown to the ancient 
chehii6ts.^Th6 order of affinity of the salifiable bases 
with this acid was determined by M. Bergman and 
M. de Breney of the Dijon Academy. — A uthob. 


other fruits mixed with malic acid. To obtain 
it pure and concentrated, it is first allowed to 
depurate from the mucous part of the fruit by 
long rest in a cool cellar, and is afterwards 
concentrated by exposing it to the temperature 
of 4 or 5 degrees below zero, from 21® to 23® 
of Fahrenheit; the water is frozen, and the 

Table of the Combinations of Pyro-lignous 
Add with the Salifiable Bases, in the Order 
of Affinity 


Bases 

Neutral Salts 

Lime Pyro-mucite of lime 

Barytes 

barytes 

Potash 

potash 

Soda ' 

soda 1 

Magnesia 

magnesia 

Ammonia 

ammoma 

Oxide of zinc 

zinc \ 

manganese 

manganp 

iron 

iron \ 

lead 

lead \ 

tin 

tin 

cobalt 

cobalt 

copper 

copper 

nickel 

1 nickel 

arsenic 

arsenic 

bismuth 

bismuth 

mercury 

mercury 

antimony 

antimony 

silver 

silver 

gold 

gold 

platinum 

platinum 

Argill 

argill 


acid remains liquid, reduced to about an eighth 
part of its original bulk. A lower degree of 
cold would occasion the acid to be engaged 
amongst the ice, and render it difficultly separ- 
able. This process was pointed out by M. 
Georgius. 

It is more easily obtained by saturating the 
lemon-juice with lime, so as to form a citrate 
of lime which is insoluble in water; wash this 
salt and pour on a proper quantity of sulphuric 
acid; this forms a sulphate of lime, which pre- 
cipitates and leaves the citric acid free in the 
liquor. 

Section XXVIII 

Observations upon Fyro-lignous Add and its 

CovMnations wUh Salifiahle Bases 

The ancient chemists observed that most of 
the woods, especially the more heavy and com- 
pact ones, gave out a particular acid spirit, by 
distillation, in a naked fire; but, before M. 

> The above affinities were determined by MM. 
de Morveau and Elos Bourfier de Clervauz. These 
combinations were entirely unknown till lately.— 
Autbob. 
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Goetling, who gives an account of his experi- 
ments upon this subject in CreH’s Chemical 
Journal for 1779, no one had ever made any 
inquiry into its nature and properties. This 
acid appears to be the same, whatever be the 
wood it is procured from. When first distilled, 
it is of a brown colour and considerably im- 
pregnated with charcoal and oil; it is purified 
from these by a second distillation. The pyro- 
lignous radical is chiefly composed of hydrogen 
and charcoal. 

Section XXIX 

Ohservalione upon Pyro-tartaroue Add and He 

Comhinatione tuith Salifiable Basee 

The name of Pyro-tartaroiLe add is given to a 
dilute empyreumatic acid obtained from puri- 
fied acidulous tartarite of potaSh by distilla- 
tion in a naked fire. To obtain it, let a retort be 
half filled with powdered tartar, adapt a tubu- 
lated recipient, having a bent tube communi- 
cating with a bell-glass in a pneumato-chemical 
apparatus; by gradually raising the fire under 
the retort, we obtain the pyro-tartarous acid 
mixed with oil, which is separated by means of 
a funnel. A vast quantity of carbonic acid gas 
is disengaged during the distillation. The acid 
obtained by the above process is much contam- 
inated with oil, which ought to be separated 
from it. Some authors advise to do this by a 
second distillation; but the Dijon academicians 
inform us that this is attended with great dan- 


Tablb of the Comhinatione of Pyro-mucoue 
of Affinity^ 


Baeee 

Neutral Salts 

Potash Pyro-mucite of potash 

Soda 

soda 

Barytes 

barytes 

Lime 

lime 

Magnesia 

magnesia 

Ammonia 

ammonia 

Argill 

argill 

Oxide of zinc 

zinc 

manganese 

manganese 

iron 

iron 

lead 

lead 

tin 

tin 

cobalt 

cobalt 

copper 

copper 

nickel 

nickel 

arsenic 

arsenic 

bismuth 

bismuth 

antimony 

antimony 

1 A1l''4>YtAaA ^ 
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ger from explosions whidi take {dace during 
the process. 

Section XXX 

Oheervatione upon Pyro-mucoue Add and Ue 
Combinalione idth Salifiable Baeee 

This acid is obtained by distillation in a na- 
ked fire from sugar and all the saccharine bod- 
ies; and, as these substances swell greatly in 
the fire, it is necessary to leave seven-eighths 
of the retort empty. It is of a yellow colour, 
verging to red, and leaves a mark upon the 
skin which will not remove but alongst with 
the epidermis. It may be procured less coloured, 
by means of a second distillation, and is con- 
centrated by freezing, as is directed for the 
citric acid. It is chiefly composed of water and 
oil slightly oxygenated and is convertible into 
oxalic and malic acids by farther oxygenation 
with the nitric acid. 

It has been pretended that a large quantity 
of gas is disengaged during the distillation of 
this acid, which is not the case if it be conduct- 
ed slowly by means of moderate heat. 

Section XXXI 

Oheervatione upon Oxalic Add and ite Combi^ 
natione idlh Salifiable Baeee 

The oxalic acid is mostly prepared in Swit- 
zerland and Germany from the expressed juice 

Table of the Comhinatione of the Oxalic Add, 
with the Salifiable Baeee, in the Order 
of Affinity"^ 


Bases 

Neutral Salts 

Lime 

Oxalate of lime 

Barytes 

barytes 

Magnesia 

magnesia 

Potash 

potash 

Soda 

soda 

Ammonia 

ammonia 

Argill 

argill 

Oxide of zinc 

zinc 

iron 

iron 

manganese 

manganese 

cobalt 

cobalt 

nickel 

nickel 

lead 

lead 

copper 

copper 

bismuth 

bismuth 

antimony 

antimony 

arsenic 

arsenic 

mercury 

mercury 

silver 

silver 

gold 

gold 

platinum 

platinum 


• All unknown to the ancient obemiate.— A utrob. 
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oC flotrelr ivfaidb it crystallises by being 
left long at rest; in this state it is pai^y sat- 
urated with pot^y forming a true acidulous 
oxalate of potash, or salt with excess of acid. To 
obtain it pure, it must be formed artificially by 
oxy^nating sugar, which seems to be the true 
oxaUc radi(^. Upon one part of sugar pour six 
or eight parts of nitric acid and apply a gentle 
heat; a considerable effervescence takes place, 
and a great quantity of nitrous gas is disen- 
gaged; the nitric acid is decompo^, and its 
oxygen unites to the sugar. By allowing the 
liquor to stand at rest, crystals of pure oxalic 
acid are formed, whic^ must be dried upon 


blotting paper ^0 separate any remaining por- 
tions of nitric add; and, to ensure the purity of 
the acid, dissolve the crystals in distilled water 
and crystallize them afresh. 

From the liquor remaining after the first 
crystallization of the oxalic acid we may obtain 
malic acid by refrigeration. This acid is more 
oxygenated than the oxalic; and, by a further 
oxygenation, the sugar is convertible into ace- 
tous acid, or vinegar. 

The oxalic acid, combined with a small quan- 
tity of soda or potash, has the property, like 
the tartarous acid, of entering into a number 
of combinations without suffering decomposi- 


Tablb of the Combinations of Acetous Acid with the Salifiable Bases 
in the Order of Affinity 


Bases 

Neutral Salts 

Barytes 

Acetite of barytes 

Potash 

potash 


Soda 

soda 

Lime 

lime 

Magneria 

magnesia 

Ammonia 

ammonia 

Oxide of zinc 

zinc 

manganese 

manganese 

iron 

iron 

lead 

lead 

tin 

tin 

cobalt 

cobalt 

copper 

copper 

nickri 

nickel 

arsenic 

arsenic 

bismuth 

Acetite of bismuth 

mercury 

mercury 

antimony 

antimony 

silver 

rilver 

gdd 

gedd 

platinum 

idarinum 

Am 

at|^ 


Names of the Resulting Neutral Salts \ 
According to the Old Names 
Unknown to the ancients. Discovered by 
M. de Morveau, who calls it barotic ac6te. 

Secret terra foliata tartari of Muller. Arcanum 
tartari of Basil Valentin and Paracelsus. 
Purgative magietery of tartar of SchroSder. 
Eeeential salt of wine of Zwelfer. Regenerated 
tartar of Tachenius. Diuretic salt of Sylvius 
and Wilson. 

Foliated earth with base of mineral alkali* 
Mineral or crsrstallisable foliated earth. Min» 
eral acetous salt. 

Salt of chalk, coral, or crabs eyes; mentioned 
by Hartman. 

First mentioned by M. Wenzel. 

Spiritue Mindereri. Ammoniacal acetous salt* 
Known to Glauber, Schwedemberg, Respour, 
Pott, de Lassone, and Wenzel, but not named. 
Unknown to the ancients. 

Martial vinegw. Described by Monnet, Wen- 
zel, and the Duke d’Ayen. 

Sugar, vinegar, and salt of lead or Saturn. 
Known to Lemery, Margraif , Monnet, Wee- 
lendorf, and Wenzel, but not named. 
Sympathetic ink of M. Cadet. 

Verdigris, crystals of verditer, verditer, dis- 
tilled verdigris, crystals of Venus or of copper. 
Unknown to the ancients. 

Arsenico-aoetous fuming liquor, liquid phos^ 
phorus of M. Cadet. 

Sttgar of bismuth of M. Geoffrey. Known to 
Gellert, Pott, Weslendorf, Bergman, and de 
Morveau. 

Mercurial foliated earth, Keyser^s famous 
antivenereal remedy. Mentions by Oebaver 
in 1748; known to Helot, Margran, Baum6, 
Bergman, and de Morveau. 

Unknown. 

Described by Margraff, Monnet, and Wenzel; 

unknown to the ancients. 

little known, mentioned by SehroSder and 

Juncker. 

Unknown. 

According to M. Wenzel, vinegar diazdlvea 
Cnly a very small proporUon of ari^. 
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tioii. These compilations form trifle salte, or 
n^tral salts with doable bases, which ou^t to 
have properinames. The salt of sorrel, which is 
potash having oxalic acid comPned in excess, 
is named acidulous oxalate of potash in our 
new nomenclature. 

The acid procured from sorrel has been known 
to chemists for more than a century, being 
mentioned by M. Duclos in the RecueU de 
VAccMmie for 1688, and was pretty accurately 
described by Boerhaave; but M. Scheele first 
showed that it contained potash and demon- 
strated its identity with the acid formed by the 
oxygenation of sugar. 

Section XXXII 

Observations upon Acetous Add and its Cotnr 

binations with Salifiable Bases . 

This acid is composed of charcoal and hydro- 
gen united together and brought to the state of 
an acid by the addition of oxygen; it is conse- 
quently formed by the same elements with the 
tartarous oxalic, citric, malic acids, and others, 
but the elements exist in different proportions 
in each of these; and it would appear that the 
acetous acid is in a higher state of oxygenation 
than these other acids. I have some reason to 
believe that the acetous radical contains a 
small portion of azote; and, as this element is 
not contained in the radicals of any vegetable 
acid except the tartarous, this circumstance is 
one of the causes of difference. Theacetous acid, 
or vinegar, is produced by exposing wine to a 
gentle heat, with the addition of some ferment: 
this is usually the dregs, or mother, which have 
separated from other vinegar during fermenta- 
tion, or some similar matter. The spiritous part 
of the wine, which consists of charcoal and 
hydrogen, is oxygenated and converted into 
vinegar. This operation cain only take place 
with free access of air and is always attended 
by a diminution of the air employed in conse- 
quence of the absorption of oxygen; wherefore, 
it ought always to be carried on in vessels only 
half filled with the vinous liquor submitted to 
the acetous fermentation. The add formed dur- 
ing this process is very volatile, is mixed with a 
large proportion of water and with many foreign 
substances; and, to obtain it pure, it is distilled 
in stoneor glass vessels byagentle fire. Theacid 
which passes over in distillation is somewhat 
changed by the process, and is not exactly of the 
ssme nature with what remains in the alembic, 
but seems less oxygenated. This circumstance 
has nbt been foimerly obeyed by chemists. 


Distillation is not suffident for depriviag 
this add all its unnecessary water; a^, for 
this purpose, the best way is by expodng it to a 
degree of cold from 4^ to 6^ below the freezing 
point, from 19® to 23® of Fahrenhdt; by this 
means the aqueous part becomes frozen and 
leaves the add in a liquid state and consider- 
ably concentrated. In the usual temperature of 
the air, this acid can only exist in the gaseous 
form and can only be retained by combination 
with a large proportion of water. There are 
other chemical processes for obtaining the ace- 
tous acid, which consist in oxygenating the 
tartarous, oxalic, or malic adds, by means of 
nitric add; but there is reason to believe the 
proportions of the elements of the radical are 
changed during this process. M. Hassenfratz 
is at present engaged in repeating the experi- 
ments by which these conversions are said to 
be produced. 

The combinations of acetous add with the 
various salifiable bases are very readily formed ; 
but most of the resulting neutral salts are not 
crystallizable, whereas those produced by the 
tartarous and oxalic acids are, in general, hard- 
ly soluble. Tartarite and oxalate of lime are 
not soluble in any sensible degree. The malates 
are a medium between the oxalates and ace- 

Table of the Combinations of Acetic Add with 

the Salifiable Basest in the Order of Affinity 


Bases 

Neutral Salts 

Barytes 

Acetate of barytes 

Potash 

potash 

Soda 

soda 

Lime 

lime 

Magnesia 

magnesia 

Ammonia 

anunonia 

Oxide of zinc 

zinc 

manganese 

manganese 

iron 

iron 

lead 

lead 

tin 

tin 

cobalt 

cobalt 

copper 

copper 

nickel 

nickd 

arsenic 

arsenic 

bismuth 

bismuth 

mercury 

mercury 

antimony 

antimony 

diver 

silver 

gold 

gold 

platinum 

platinum 

ArgiU 

aimll 


Note . — All salts were unknown to the an- 

cients; and even ^ose chemists who are most vers- 
ant in modem discoveries, are yet at a loss whether 
the greater part of the salts produced by the oxygen- 
ated acetic radical belong prop^ly to the dsae oi 
aoetites, or to that of acetates. — Avmon. 
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tites, with respect to solubility, and the malic 
acid is in the middle degree of saturation be- 
tween the oxalic and acetous acids. With this, 
as with all the acids, the metals require to be 
oxidated previous to solution. 

The ancient chemists knew hardly any of 
the salts formed by the combinations of ace* 
tous acid with the salifiable bases, except the 
acetites of potash, soda, ammonia, copper, and 
lead. M. Cadet discovered the acetite of ar- 
senic;^ M. Wenzel, the Dijon academicians, 
M. de Lassone, and M. Proust, made us ac- 
quainted with the properties of the other ace- 
tites. From the property which acetite of pot- 
ash possesses, of giving out ammonia in distil- 
lation, there is some reason to suppose that, 
besides charcoal and hydrogen, the acetous 
radical contains a small proportion of azote, 
though it is not impossible but the above pro- 
duction of ammonia may be occasioned by the 
decomposition of the potash. 

Section XXXIII 

OhservaHona upon Acetic Add and its Comhina- 

turns with Salifiable Bases 

We have given to radical vinegar the name 
of acetic acid, from supposing tlmt it consists 

Table 0/ the Combinalions of Succinic Acid 
with the Salifiable BaseSy in the Order 
of Affinity 

Bases Neutral Salts 


Barytes Succinate of 

barytes 

Lime 

lime 

Potash 

potash 

Soda 

soda 

Ammonia 

ammonia 

Magnesia 

magnesia 

Argill 

argill 

Oxide of zinc 

zinc 

iron 

iron 

manganese 

manganese 

cobalt 

cobalt 

nickel 

nickel 

lead 

lead 

tin 

tin 

copper 

copper 

bismuth 

bismuth 

antimony 

antimony 

arsenic 

arsenic 

mercury 

mercury 

silver 

silver 

gold 

gold 

platinum 

platinum 

NcSe . — ^All the succinates were 
sssesent chemists. — A uthob. 

1 Savans Etranaera, Vol. IIL 

unknown to the 


of the same radical with that of the acetous 
acid but more highly saturated with oxygen. 
According to this idea, acetic acid is the highest 
degree of oxygenation of which the hydro-car- 
bonous radical is susceptible; but, although 
this circumstance be extremely probable, it re- 
quires to be confirmed by further and more de- 
cisive experiments, before it be adopted as an 
absolute chemical truth. We procure this acid 
as follows: upon three parts acetite of potash 
or of copper pour one part of concentrated sul- 
phuric acid, and, by distillation, a very highly 
concentrated vinegar is obtained, which we call 
acetic acid, formerly named radical vinegar. It 
is not rigorously proved that this acid is more 
highly oxygenated than the acetous acid, nor 
that the difference between them may not con- 
sist in a different proportion between the ele- 
ments of the radical or base. \ 


Section XXXIV 

Observations upon Succinic Acid and its Com’- 
binations with Salifiable Bases 

The succinic acid is drawn from amber by 
sublimation in a gentle heat and rises in a con- 
crete form into the neck of the subliming ves- 
sel. The operation must not be pushed too far, 
or by too strong a fire, otherwise the oil of the 
amber rises alongst with the acid. The salt is 
dried upon blotting paper and purified by re- 
peated solution and crystallization. 

This acid is soluble in twenty-four times its 
weight of cold water and in a much smaller 
quantity of hot water. It possesses the qual- 
ities of an acid in a very small degree and only 
affects the blue vegetable colours very slightly. 
The affinities of this acid, with the salifiable 
bases, are taken from M. de Morveau, who is 
the first chemist that has endeavoured to as- 
certain them. 

Section XXXV 

Observations upon Benzoic Add and its Com- 
binations tdth Salifiable Bases 

This acid was known to the ancient chemists 
under the name of Flowers of Benjamin, or of 
Benzoin, and was procured, by sublimation, 
from the gum or resin called Benzoin. The 
means of procuring it, via humida, was discov- 
ered by M. Geoffrey and perfected by M. 
Scheele. Upon benzoin, reduced to powder, 
pour strong lime-water, having rather an excess 
of lime; keep the mixture continually stirring 



C5HEMISTRY gS 


and, after half an hour’s digeBtion, pour off the 
liquor and use fresh portions of lime-water in 
the same manner, so long as there is any a]> 
pearance of neutralization. Join all the de- 
canted liquors and evaporate, as far as possi- 
ble, without occasioning crystallization, and, 
when the liquor is cold, drop in muriatic acid till 
no more precipitate is formed. By the former 
part of the process a benzoate of lime is form- 
ed, and by the latter the muriatic acid com- 
bines with the lime, forming muriate of lime, 
which remains dissolved, while the benzoic acid, 
being insoluble, precipitates in a concrete state. 

Section XXXVI 

OhservaJtwnB upon Camphoric Add and its Com- 

binations with Salifiable Bases 

Camphor is a concrete essential oil, obtained, 
by sublimation from a species of laurus which 
grows in China and Japan. By distilling nitric 
acid eight times from camphor, M. Kosegar- 
ten converted it into an acid analogous to the 
oxalic; but, as it differs from that acid in some 
circumstances, we have thought necessary to 
give it a particular name till its nature be more 
completely ascertained by farther experiment. 

As camphor is a carbono-hydrous or hydro- 
carbonous radical, it is easily conceived that, 
by oxygenation, it should form oxalic, malic, 
and several other vegetable acids. This conjec- 
ture is rendered not improbable by the experi- 
ments of M. Kosegarten; and the principal 
phenomena exhibited in the combinations of 
camphoric acid with the salifiable bases, being 
very similar to those of the oxalic and malic 
acids, lead me to believe that it consists of a 
mixture of these two acids. 


Section XXXVII 

Observations upon Gallic Actd, and its Com- 
binations with Salijiable Basest 

The gallic acid, formerly called prindple of 
astringency, is obtained from gall nuts, either 
by infusion or decoction with water, or by dis- 
tillation with a very gentle heat. This acid has 
only been attended to within these few years. 
The Committee of the Dijon Academy have 
followed it through all its combinations and 
give the best account of it hitherto produced. 

iTheaa oombinations, which are called galUstes^ 
were all hnknawn to the ancienta; and the order of 
their affinity is not established.— -A utbob. 


Its acid properties are very weak; it reddens 
the tincture of turnsole, decomposes sulphur- 
ets, and unites to all the metals when they have 
been previously dissolved in some other acid. 
Iron, by this combination, is precipitated of a 
very deep blue or violet colour. The radical of 
this acid, if it deserves the name of one, is hith- 
erto entirely unknown; it is contained in oak 
willow, marsh iris, the strawberry, njrmphea, 
Peruvian bark, the flowers and bark of pome- 
granate, and in many other woods and barks. 

Section XXXVIII 

Observations upon Lactic Add and its Combina- 
tions wUh Salifiable Base^ 

The only accurate knowledge we have of 
this acid is from the works of M. Scheele. It is 
contained in whey, united to a small quantity 
of earth, and is obtained as follows: reduce 
whey to one eighth part of its bulk by evapo- 
ration and filtrate, to separate all its cheesy 
matter; then add as much lime as is necessary 
to combine with the acid ; the lime is afterwards 
disengaged by the addition of oxalic acid, which 
combines with it into an insoluble neutral salt. 
When the oxalate of lime has been separated by 


Table of the Combinations of Saccho-lactic 
Acid with the Salifiable Bases, in the Order 
of Affinity 


Bases 

Neutral Salts 

Lime Saccholate of lime 

Barytes 

barytes 

Magnesia 

magnesia 

Potash 

potash 

Soda 

soda 

Ammonia 

ammonia 

Argill 

argill 

Oxide of zinc 

zinc 

manganese 

manganese 

iron 

iron 

lead 

lead 

tin 

tin 

cobalt 

cobalt 

copper 

copper 

nickel 

nickel 

arsenic 

arsenic 

bismuth 

bismuth 

mercury 

mercury 

antimony 

antimony 

silver 

silver 


Note . — All these were unknown to the ancient 
chemists. — A utBob. 

’ These combinations are called lactatee; they were 
ail unknown to the ancient chemists and their affini- 
ties have not yet been ascertained. — A utbob. 
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deeMLtfttio^, ^Bvaporat^ the remaii^ ^uor to 
the ocmmteDce honeys the lactic acid ia dis- 
solved by idcohol, which does not unite wi^ 
the stigs^P of milk and othep foreign matters; 
these are separated by filltmtion from the alco- 
hol and acid ; and the alcohol being evaporated, 
or distilled off, leaves the lactic add l^ind. 

This add unites with all the salifiable bases, 
forming salts which do not crystallize; and it 
seems considerably to resemble the acetous 
acid. 

Section XXXIX 

Observations upon Saccho-lactic Acid and its 
Combinations with Salifiable Bases 

A species of sugar may be extracted, by evap- 
oration, from whey, which has long been known 
in pharmacy, and which has a considerable re- 
a^blance to that procured from sugar canes. 
This saccharine matter, like ordinary sugar, 
may be oxygenated by means of nitric acid. 
For this purpose, several portions of nitric acid 
are distilled from it; the remaining liquid is 
evaporated and set to crystallize, by which 
means crystals of oxalic acid are procured; at 
the same time a very fine white powder precip- 
itates, which is the saccholactic acid discov- 
ered by Scheele. It is susceptible of combining 
with the alkalies, ammonia, the earths, and 
even with the metals. Its action upon the latter 
is hitherto but little known, except that, with 
them, it forms difficultly soluble salts. The 
order of affinity in the table is taken from 
Bergman. 

Table of Combinations of Formic Add with 
the Salifiable Bases, in the Order of Affinity 


Bases 

Neutral Salts 

Barytes Formiate of barytes 

Potash 

potash 

S(^a 

soda 

lime 

lime 

Magneda 

magnesia 

Ammonia 

ammonia 

Oxide of zinc 

zinc 

manganese 

manganese 

iron 

iron 

kad 

lead 

tm 

tin 

cobalt 

cobalt 

copper 

copper 

nickel 

nickel 

bismuth 

bismuth 

Sliver 

silver 

Ar|ill argill 

unknown to the andent ehemis 

AtmcML 


SncnoHXL 

Obsev^ioiM upqn Formic Add and its Cominr^ 
natum with Salifiabk Ew 

This acid was first obtained by distillation 
from ants in the last c^tury, by Samuel Fisher. 
The subject was treated of by Margraff in 1749, 
and by MM. Ardwisson and Ochm of Leipzig 
in 1777. The formic acid is drawn from a large 
species of red ants, fdtmica tufa, Lin,, which 
form large ant hills fa woody places. It is pro- 
cured eifaer by distilhng the ants with a gentle 
heat in a glass retort or an alembic; or, after 
having washed the ants in cold water and dried 
them ui^na cloth, by pouring on boilhig water, 
which dissolves the acid ; or the acid msw be pro- 
cured by gentle expression from the i&ects, in 
which case it is stronger than ih any of me form- 
er ways. To obtain it pure, we must rectify, by 
means of distillation, w'hich separates ^t from 
the uncombined oily and charry matter J and it 
may be concentrated by freezing, in the man- 
ner recommended fpr treating the acetous acid. 

Section XLI 

Observations upon Bombic Add and its Com- 
binations with Salifiable Bases^ 

The juices of the silk worm seem to assume 
an acid quality when that insect changes from 

Table of the Combinations of the Sebacic Acid 
with the Salifiable Bases, in the Order of Affinity 


Bases 

Neutral Salts 

Barytes 

Sebate of barytes 

Potash 

potash 

Soda 

soda 

Lime 

lime 

Magnesia 

magnesda 

Ammonia 

ammonia 

Argill 

argill 

Oxide of zinc 

zinc 

manganese 

manganese 

iron 

iron 

lead 

lead . . 

tin 

tin 

cobalt 

cobalt 

copper 

copper 

niekd 

ni^el 

? araenk 

arsenic 

bismuth ' 

bismuth 

mercuiy 

mercury 

antimpny^ 

miixaqny . 

sflver 

silver 


Note, — All’ these. were unknown to the anoifat 
ohemiitoi — Atrmon. > 

> These combinations named bombatee were un- 
known to axHsient oheimstB; and the affinitios of 
the aahfiaUe bases wiih the bombic acid' sroundft- 
termined.— -Aimmau r < 
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a tarVa a ehi^fis. At m6iaetit of its«8» 
cap6 f h)idt the latter to the butterfly form, it 
emite a reddish &|iior reddens blue pa* 
per, and which was first attentively observed 
by M. Chaussier of the Dijon Academy, who 
obtains the acid by infusing silk worm chrysa- 
lids in alcohol, which dissolves their acid with- 
out being charged with any of the gummy parts 
of the insect; and, by evaporating the alcohol, 
the acid remains tolerably pure. The proper- 
ties and affinities of this acid are not hitherto 
ascertained with any precision; and we have 
reason to believe that analogous acids may be 
procured from other insects. The radical of 
this acid is probably, like that of the other 
acids from the animal kingdom, composed of 
charcoal, hydrogen, and azote, with the addi- 
tion, perhaps, of phosphorus. 

Section XLII 

Ohservaiions upon Sehacic Add and its Combi- 

naliom with Sdlifiahk Bases 

To obtain the sebacic acid, let some suet be 
melted in a skillet over the fire, alongst with 
some quicklime in fine powder, and constantly 
stirred, raising the fire towards the end of the 
operation, and taking care to avoid the vap- 
ours, which are very offensive. By this process 
the sebacic acid unites with the lime into a 
sebate of lime, which is with difficulty soluble in 
water; it is, however, separated from the fatty 
matters with which it is mixed by solution in a 
large quantity of boiling water. From this the 
neutral salt is separated by evaporation; and, 
to render it pure, is calcined, redissolved, and 
again crystallized. After this we pour on a 
proper quantity of sulphuric acid, and the se- 
bacic acid passes over by distillation. 

Section XLIII 

Observations upon Lithic Add and its Combina- 
tions with Salifiable Baset^ 

From the later experiments of Bergman and 
Scheele, the urinary calculus appears to be a 
species of salt with an earthy basis; it is slight- 
ly acidulous, and requires a large quantity of 
water for solution, three grains being scarcely 
soluble in a thousand grams of boiling water, 
and the greater part again crystallizes when 
cold. To this concrete acid, which M. de Mor- 
veau calls lithiasic add^ we give tlie name of 

X All the oombinations of this acid, should it final- 
ly turn out to be one, were unknown to the ancient 
oh^Qoists, and its afiMties with the salifiable bases 
have not been determined.— Amwon* 


lUhic addf the mime md properties of which 
icre as yet very little known. There is some ap* 
p^rance that it is an acidulous neutral salt^ or 
acid ooin[bined in> excess with a salifiable b^; 
and I have reason to belieVe that it really is an 
acidulous phosphate of lime; if so, it must be 
excluded from the class of peculiar acids. 

Table of the Combinations of the Prussic Add 
with the Salifiable Bases, in the Order 
of Affinity 


Bases 

Neutral Salts 

Potash 

Prussiate of potash 

Soda 

soda 

Ammonia 

ammonia 

Lime 

lime 

Barytes 

barytes 

Magneina 

magnesia 

Oxide of zinc 

zinc 

iron 

iron 

manganese manganese 

cobalt 

cobalt 

nickel 

nickel 

lead 

lead 

tin 

tin 

copper 

copper 

bismuth 

bismuth 

antimony 

antimony 

arsenic 

arsenic 

silver 

silver 

mercury 

mercury 

gold 

gold 

platinum 

platinum 


Note . — All these were unknown to former chem- 
ists. — Author. 

Section XLIV 

Observations upon the Prussic Add and Us Com- 
binations with Salifiable Bases 

As the experiments which have been made 
hitherto upon this acid seem still to leave a con- 
siderable degree of uncertainty with regard to 
its nature, I shall not enlarge upon its proper- 
ties, and the means of procuring it pure and 
disengaged from combination. It combines with 
iron, to which it communicates a blue colour, 
and is equally susceptible of entering into com- 
bination with most of the other metals, which 
are precipitated from it by the alkalies, am- 
monia, and lime, in consequence of greater af- 
finity. The prussic radical, from the experi- 
ments of Scheele, and especially from those of 
M. Berthollet, seems composed of charcoal 
and azote; hence it is an acid with a double 
base. The phosphorus which has been foimd 
combined with it appears, from theexperiments 
of M. Hassenfratz, to be only accidental 
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Altiioui^ this a(^d eombines with alkalies, in the class of adds; but, as I have already ob- 
eartfas, and metals, in the same way with other served, it is difficult to form a dedded opinion 
acids, it possesses only some of tiie properties upon the nature of this substance until the 
we have been used to attribute to acids, and it subj^t has been farther duddated by a great- 
may consequently be improperly ranked here er number of experiments. 



THIRD PART 


Description of the instruments and operations 
OF chemistry 


INTRODUCTION 

In the two former parts of this work I designed- 
ly avoided being particular in describing the 
manual operations of chemistry, because I had 
found from experience that, in a work appro- 
priated to reasoning, minute descriptions of 
processes and of plates interrupt the chain of 
ideas and render the attention necessary both 
difficult and tedious to the reader. On the 
other hand, if I had confined myself to the sum- 
mary descriptions hitherto given, beginners 
could have only acquired very vague concep- 
tions of practical chemistry from my work and 
must have wanted both confidence and interest 
in operations they could neither repeat nor 
thoroughly comprehend. This want could not 
have been supplied from books ; for, besides that 
there are not any which describe the modem 
instruments and experiments sufficiently at 
large, any work that could have been consulted 
would have presented these things under a very 
different order of arrangement and in a different 
chemical language, which must greatly tend to 
injure the main object of my performance. 

Influenced by these motives, I determined 
to reserve, for a third part of my work, a sum- 
mary descriptfon of all the instruments and 
manipulations relative to elementary chemis- 
try. I considered it as better placed at the end, 
rather than at the beginning of the book, be- 
cause I must have been obliged to suppose the 
reader acquainted with circumstances which a 
beginner cannot know and must therefore have 
read the elementary part to become acquainted 
with. The whole of this third part may there- 
fore be considered as resembling the explana^ 
tions of plates which are usually placed at the 
end of academic memoirs that they may not 
interrupt the connection of the text by length- 
ened description. Though I have tal^ great 
pains to render this part clear and methodical 
and have not omitted any essential instrument 
or apparatus, I am far from pretending by it to 
set adde the necessity of attendance upon lec- 


tures and laboratories for such as wish to ac- 
quire accurate knowledge of the science of 
chemistry. These should familiarise themselves 
to the employment of apparatus, and to the 
performance of experiments by actual experi- 
ence. Nihil eat in inteUedu gwod non priusfuerit 
in aenaUf the motto which the celebrated Rou- 
elle caused to be painted in large characters in 
a conspicuous part of his laboratory, is an im- 
portant truth never to be lost sight of either by 
teachers or students of chemistry. 

Chemical operations may be naturally di- 
vided into several classes, according to the pur- 
poses they are intended for performing. Some 
may be considered as purely mechanical, such 
as the determination of the weight and bulk of 
bodies, trituration, levigation, searching, wash- 
ing, filtration, &c. Others may be considered 
as real chemical operations, because they are 
performed by means of chemical powers and 
agents; such are solution, fusion, &c. Some of 
these are intended for separating the elements 
of bodies from each other, some for reuniting 
these elements together; and some, as combus- 
tion, produce both these effects during tiie 
same process. 

Without rigorously endeavouring to follow 
the above method, I mean to give a detail of 
the chemical operations in such order of ar- 
rangement as seemed best calculated for con- 
ve3dng instruction. I shall be more particular 
in describing the apparatus connected with 
modern chemistry, l^cause these are little 
known by men who have devoted much of their 
time to chemistry and even by many professors 
of the science. 

CHAPTER I 

Of the Inatrumenla Neceaaaryjor Deimnininp 

Oie AbaoliUe and Specific GravUiea of Solid 

and Liquid Bodies 

The best method known for determining the 
quantities of substances submitted to chemical 
experiment or resulting from them, is by means 
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of an accuratdy constructed beam and scales^ 
with properly regulated weights, which well 
known operation is called weighing. The de- 
nomination and quantity of the weights used 
as an unit or standard for this purpose are ex- 
tremely arbitrary, and vary not only in differ- 
ent kingdoms, but even in different provinces 
of the same kingdom, and in different cities of 
the same province. This variation is of infinite 
consequence to be well understood in commerce 
and in the arts; but, in chemistry, it is of no 
momentwhatparticulardenominationof weight 
be employed, provided the results of experi^ 
ments be expressed in convenient .fractions of 
the same denomination. For this purpose, until 
all the weights used in society be reduced to 
the same standard, it will be sufficient for chem- 
ists in different parts to use the common pound 
of their own country as the unit or standard, 
and to express all ite fractional parts in deci- 
mals instead of the arbitrary divisions now in 
use. By this means the chemists of all countries 
will be thoroughly understood by each other, 
as, although the absolute weights of the ingred- 
ients and products cannot be known, they will 
readily, and without calculation, be able to de- 
termine the relative proportions of these to 
each other with the utmost accuracy; so that 
in this way we shall be possessed of an univer- 
sal language for this part of chemistry. 

With this view I have long projected to have 
the pound divided into decimal fractions, and 
I have of late succeeded through the assistance 
of M* Fourche, balancermaker at Paris, who 
has executed it for me with great accuracy and 
judgment. I recommend to all who carry on ex- 
periments to procure similar divisions of the 
pound, which they will find both easy and sim- 
ple In its application, with a very small knowl- 
edge of decimal fractions.^ 

r As the usefulness and accuracy of chemistry 
depend entirely upon the determination of the 
wi^ts of the ins^ients and products both 
before and after experiments, tw much preci- 
stoneannot be employed in this part of the sub^ 
ject; and, for this purpose, we must be provid- 
ed with good instruments. As we are crften 
obliged, in chemical processes, to ascertain, 
within a grain or less^ the tare or weight of 
large and heavy instruments, we must have 
beams made with peculiar niceneSs by accurate 

* M. Lavoisier’s very accurate flections for re- 
ducing the common suraivisions of tne French podnd 
jlmtip d^imid fractions, and vice verso, given in tables 
subjoii^’ to tms ^ part ar^ not'^inted in tbisedi- 


workmen, and these must always be kept apart 
from the laboratory in some place where the 
vapours of acids, or other corrosive liquors, 
cannot have access; otherwise the steel will 
rust, and the accuracy of the balance be de- 
stroyed. I have three sets, of different sizes, 
(made by Mv Fontin with the utmost nicety, 
and, excepting those made by M. Ramsden of 
Ijondon, I do not think any can compare with 
them for precision and sensitivity. The largest 
of these is about three feet long in the beam 
for large weights, up to fifteen or twenty pounds ; 
the second, for weights of eighteen or twenty 
ounces, is exact to a tenth part of a grain; and 
the smaltei^*, calculated only for weighmg about 
one gros, is sensibly affect^ by the |^ve hun- 
dredth part of a grain. \ 

Besides these nicer balances, which ^re only 
used for experiments of research, we must have 
others of less value for the ordinary pur|^ses of 
the laboratory.. A large iron balance, capable 
of weighing forty or fifty pounds within half a 
dram^ one of a middle size, which may ascer- 
tain eight or ten pounds, witliin ten or twelve 
grains, and a small one, by which about a 
pound may be determined, within one grain. 

We must likewise be provided with weights 
divided into their several fractions, both vul- 
gar and decimal, with the utmost nicety, and 
verified by means of repeated and accurate 
trials in the nicest scales; and it requires some 
experience, and to be accurately acquainted 
with the different weights, to be able to use 
them properly. The best way of precisely as- 
certaining the weight of any particular sub- 
stance is to weigh it twice, once with the deci- 
mal divisions of the pound and another tbne 
with the common subdivisions or vulgar frac- 
tions, and, by comparing these"; we attain the 
utmost accuracy. 

By the specific gravity of any substance is 
understood the quotient of its absolute weight 
divided by its magnitude, or, what is the same, 
the weight of a determinate bulk of any body. 
The weight of a determinate magnitude of wa- 
ter has been genially assumed as unity for 
this purpose,; and we express the specifie grav- 
ity gold, sulphuric acid, &c. by saying that 
gold is nineteen times, and sulphuric acid twice 
the weight of water, axul so of other bodies.. ^ 

It is ^ more eaavenient to assume water as 
unity inepmfiegravities^ that those substances 
whose sp<^c gravity we wish to determine;are 
moai fcommoniy weighed in water for that PU^r 
pose. Thus, if we wi^ to determine tbeepe^ 
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dfici levity of gold mider ihe hsmr 

iner, the piece of gold to wei^ 

8 6i^ 4 groB 2j^ gn. in the air,^ it iseuspended 
by Tneans of a fine metallic wire under the acale 
of a hydro^tio balance so as to be entirely 
immersed in water and again weighed. The 
piece of gold in Mr. Brisson's experiment lost 
by this means 8 gm 37 gr$,; and, as it is evi^ 
dent that the weight lost by a body weighed in 
water is precisely equal to the weight of the 
water displaced, or to that of an eqt^ volume 
of water, we may conclude that, in equal mag^ 
nitudes, gold weighs 4893^ gra. and water 2^ 
gra. which, reduced to unity, gives 1.0000 as 
the specific gravity of water and 19.8617 for 
that of gold. We may operate in the same man- 
ner with all solid substances. We have rarely 
any occasion, in chemistry^ to determine the 
specific gravity of solid bodies, unless when 
operating upon allo 3 rs or metallic glasses; but 
we have very frequent necessity to ascertain 
that of fluids, as it is often the only means of 
judging of their purity or degree of concen- 
tration. 

This object may be very fully accomplished 
with the hydrostatic balance, by weighing a 
solid body; such, for example, as a little ball of 
rock crystal suspended by a very fine gold wire, 
first in the air, and afterwards in the fluid whose 
specific gravity we wish to discover. The weight 
lost by the crystal, when weighed in the liquor, 
is equal to that of an equal bulk of the liquid. 
By Treating this operation successively in wa- 
ter and different fluids, we can very readily as- 
certain, by a simple and easy calculation, the 
relative specific gravities of these fluids, either 
with respect to each other or to water. This 
method is not, however, sufficiently exact, or, 
at least, k rather troublesome, from its extreme 
delicacy, when used for liquids differing but 
little in specific gravity from water; such, for 
instance, as mineral waters, or any other water 
containing very small portions of salt in solu- 
tion. 

In some operations of this nature, which have 
not hitherto been made public, I employed an 
ins^nanent of great sensitivity for this purpose 
with great advantage. It consists of a hollow 
cylinder A b c/ (Plate vii. Fig. 6), of brass, or 
rather of’ silver, loaded at its bottom, 6c/, 
mth tin, as represented swimming in a jug of 
water, f mno. To the upper part of the cylin- 
der is attached a stalk of silver wire, notmcHe 

, i Vide Mr. Brisson'^s upon Specific dravUvt 

p. 5.— 


than three fourthS ’Of ^ line diameter, sur- 
mounted by alittle cup d, intended for containr 
ing wei^ts; Upon th4 stalk a mark is made at 

the use of which we shall presently explain. 
This cylinder may be made of any size; but, to 
be accurate, ought at least to displace four 
pounds of water. The weight of tin with which 
this instrument is loaded ought to be such as 
will make it remain almost iti equilibrium in 
distilled water and should not require more 
than Half a dram, or a dram at most, to make it 
sink to g. 

We must first determine, with great preci- 
sion, the exact weight of the instrument and 
the number of additional grains requisite for 
making it sink, in distilled water of a deter- 
minate temperature, to the mark. We then per- 
form the same experiment upon all the fluids 
of which we wish to ascertain the specific grav- 
ity, and, by means of calculation, reduce the 
observed differences to a common standard of 
cubic feet, pints or pounds, or of decimal frac- 
tions, comparing them with water. Thismethod, 
joined to experiments with certain reagents, 
is one of the best for determining the quality of 
waters and is even capable of pointing out dif- 
ferences which escape the most accurate chem- 
ical analysis. I shall, at some future period, 
give an account of a Very extensive set of 
experiments which I have made ui)on this 
subject. 

These metallic hydrometers are only to be 
used for determining the specific gravities of 
such waters as contain only neutral salts or al- 
kaline substances; and they may be construct- 
ed with different degrees of ballast for alcohol 
and other spiritous liquors. When the specific 
gravities of acid liquors are to be ascerteined, 
^e must use a glass hydrometer (Plate vn, Fig. 
14)> This consists of a hollow cylinder of ^ass, 
abeff hermetically sealed at its lower end, and 
drawn out at the Upper into a capillary tube a, 
ending in the little cup or basin d. This instru- 
ment is ballasted with more or less mercury, at 
the bottom of the cylinder introduced throi^ 
the tube, in proporticn to the weight of the 
liquor intend^ Vo be examined. We may intro- 
duce a small graduated i^p of paper into tb€i 
tube ad; and, tiiough these degrees do not 
actly correspond to the fractions of grains ip 
the different liquors, they may be rendered 
very useful in calculation. 

Vhiat is said in this chapter may suffice, 
without further enlargement, for indicating the 
means of ascertaining the ab^lute and specific 
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gravities of solids and fluids, as the necessary 
instrumeuts g^ierally known, and may easi- 
ly be procured. But, as instruments I have 
used for measuring the gases are not anywhere 
described, I shall give a more detailed account 
of these in the following chapter. 


CHAPTER II 

Of Oazametryj or the Measurement of the Weight 

and Volume of Aeriform Substances 

Section I Of the Prieurnato-<hemieat Apparatus 

The French chemists have of late applied the 
name of pneumato-chemical apparatus to the 
very simple and ingenious contrivance, invent- 
ed by Dr. Priestley, which is now indispensably 
necessary to every laboratory. This consists of 
a wooden trough, of larger or smaller dimen- 
sions as is thought convenient, lined with plate- 
lead or tinned copper, as represented in per- 
spective, Plate V. In Fig, 1 the same trough or 
cistern is supposed to have two of its sides cut 
away, to show its interior construction more 
distinctly. In this apparatus, we distinguish be- 
tween the shelf ABCD {Figs, 1 and and the 
bottom or bodyof the cistemFGHI (Ftir,;^).The 
jars or bell-glasses are filled with water in this 
deep part, and, being turned with their mouths 
downwards, are afterwards set upon the shelf 
ABCD, as shown (Plate x. Fig. f, F) The 
upper parts of the sides of the cistern above 
the level of the shelf are called the rim or 
borders. 

The cistern ought to be filled with water, so 
as to stand at least an incn and a half deep up- 
on the shelf, and it should be of such dimen- 
sions as to admit of at least one foot of water in 
every direction in the well. This size is suffici- 
ent for ordinary occasions; but it is often con- 
venient, and even necessary, to have more 
room. I would therefore advise such as intend 
to employ themselves usefully in chemical ex- 
perim^ts, to have this apparatus made of con- 
siderable magnitude, where their place of 
operating will allow. The well of my princi- 
pal cistern holds four cubic feet of water, 
and its shelf has a surface of fourteen square 
feet; yet, in spite of this size, which I at first 
thought immoderate, I am often straitened 
for room. 

In laboratories, where a considerable num- 
ber of experiments are performed, it is neces- 
sary to liave several lesser cisterns, besides the 
large one, which may be called the general nuxg- 


asine; and even some portable ones, which may 
be moved, when necessary, near a furnace or 
wherever they may be wanted. Thm are like- 
wise some operations which dirty the water of 
the apparatus and therefore require to be car- 
ried on in cisterns by themselves. 

It were doubtless considerably cheaper to 
use cisterns, or iron-bound tubs, of wood sim- 
ply dove-tailed, instead of being lined with lead 
or copper; and in my first experiments I used 
them made in that way; but I soon discovered 
their inconvenience. If the water be not always 
kept at the same level, such of the dovetails 
as are left dry shrink, and when more water is 
added it«escapes through the joints, ^d runs 
out. 

We employ crystal jars or bell-glassite, (Plate 
V, Fig, 9, A) for containing the gases in this 
apparatus; and, for transporting thes^, when 
full of gas, from one cistern to another or for 
keeping them in reserve when the cistern is too 
full, we make use of a flat dish BC, surrounded 
by a standing up rim or border, with two han- 
dles DE for carrying it by. 

After several trials of different materials, I 
have found marble the best substance for con- 
structing the mercurial pneumato-chemical ap- 
paratus, as it is perfectly impenetrable by mer- 
cury, and is not liable, like wood, to separate at 
the junctures, or to allow the mercury to es- 
cape through chinks; neither does it run the 
risk of breaking, like glass, stone-ware, or por- 
celain. Take a block of marble BCDE (Plate v, 
Figs, 3 and 4)f about two feet long, 15 or 18 
inches broad, and ten inches thick, and cause 
it to be hollowed out as at mn {Fig. 5) about 
four inches deep, as a reservoir for the mer- 
cury; and, to be able more conveniently to fill 
the jars, cut the gutter TV {Figs. Sy 4i and 5) at 
least four inches deeper; and, as this trench 
may sometimes prove troublesome, it is made 
capable of being covered at pleasure by thin 
boards, which slip into the grooves x y, {Fig. 
5). I have two marble cisterns upon this con- 
struction, of different sizes, by which I can al- 
ways employ one of them as a reservoir of mer^ 
cury, which it preserves with more safety than 
any other vessel, being neither subject to over- 
turn, nor to any other accident. We operate 
with mercury in this apparatus exactly as with 
water in the one before described; but the bell- 
glasses must be of smaller diameter and much 
stronger; or we may use glass tubes, having 
their mouths widened, as in Fig. 7; these are 
called eudiometers by the glass-men who sell 
them. One of the bell-gla^ is represented, 
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5, A« fitiincimg in its place, and wliat is 
called a jar is engra^ Fig. 6. 

‘ The mercurial pneumato-chemicalappamlnB 
is necessary in all experiments wherein the dis- 
engaged gases are capable of being absorbed by 
water, as is frequently the case, especially in 
all combinations, excepting those of metals, in 
fermentation, Ac. 

Sbction II Of the 0<mmeter 

I give the name of gassometer to an' instru- 
ment which I invented and caused constructed, 
for the purpose of a kind of bellows which 
might furnish an uniform and continued stream 
of oxygen gas in experiments of fusion. M« 
Meusnier and I have since made very consid- 
erable corrections and additions, having con- 
verted it into what may be called an universal 
instrument, without which it is hardly pos- 
sible to perform most of the very exact experi- 
ments; The name we have given the instru- 
ment indicates its intention for measuring the 
volume or quantity of gas submitted to it for 
examination. 

It consists of a strong iron beam, DE (Plate 
VIII, Fig. 1), three feet long, having at each end, 
D and E, a segment of a circle, likewise strong- 
ly constructed of iron, and very firmly joined. 
Instead of bring poised as in ordinary balances, 
this beam rests, by means of a cylindrical axis 
of polished steel F (Fig. 9), upon two large 
moveable brass friction-wheels, by which the 
resistance to its motion from friction is consid- 
erably diminished, being converted into fric- 
tion of the second order. As an additional pre- 
caution, the parts of these wheels which sup- 
port the axis of the beam are covered with 
plates of polished rock-crystal. The whole of 
this machinery is fixed to the top of ike solid 
column of wood BC (Fig. 1). To one extremity 
D of the beam, a scale P for holding weights is 
suspended by a flat chain, which applies to the 
curvature of the arc tiDo, in a groove made for 
the purpose. To the other extremity E of the 
beam is applied another flat chain, ikm, so 
constructed as to be incapable of lengthening 
or shortening, by being less or more charged 
with weight; to this chain, an iron trivet, with 
three branches, at, ci, and hi, is strongly fixed 
ate, and these branches support a large invert- 
ed jar A, of hammered copper, of about 18 
inches diameter and 20 inches deep. The whole 
of this machine is represented in perspective, 
Plate vin. Fig. 1; and Plate ix. Figs. 2 and 4 
give pm*pendicular sections, which show its in- 
terior structure. 
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Round the bottom of the jar, on its outside^ 
is fixed (Plate ix. Fig. 2) a border divided into 
compartments 1, 2, 3, 4, ke., intended to m* 
ceive leaden weights separately represented 1, 
2, 3, F^. S. These are intended for increasing 
the weight of the jar when a considerable pres- 
sure is requisite, as will be afterwards explained, 
thoug^i such necessity seldom occurs. The cy- 
lindrical jar A is entirely open below, de (Plate 
IX, Fig. 4); but is closi^ above with a cop^r 
lid, ahc, open at bf, and capable of being shut 
by the cock g. This lid, as may be seen by in- 
specting the figures, is placed a few inches within 
tiie top of the jar to prevent the jar from being 
ever entirely immersed in the water and cov- 
ered over. Were I to have this instrument 
made over again, I should cause the lid to be 
considerably more flattened, so as to be almost 
level. This jar or reservoir of air is contained in 
the cylindrical copper vessel LMNO (Plate 
VIII, Fig. 1) filled with water. 

In the middle of the cylindrical vessel LMNO 
(Plate IX, Fig. 4) are placed two tubes st, xy, 
which are made to approach each other at their 
upper extremities ty; these are made of such a 
length as to rise a little above the upper edge 
LM of the vessel LMNO, and when the jar 
ahcde touches the bottom NO, their upper ends 
enter about half an inch into the conical hol- 
low 6 leading to the stop-cock g. 

The bottom of the vessel LMNO is repre- 
sented, Plate IX, Fig. S, in the middle of which 
a small hollow semispherical cap is soldered, 
which may be considered as the broad end of a 
funnel reversed; the two tubes st, xy (Fig. 4) 
are adapted to this cap at s and x, and by this 
means communicate with the tubes mm, nn, 
00 , pp (Fig. S), which are fixed horizontally up- 
on the bottom of the vessel, and all of whidi 
terminate in, and are united by, the spherical 
cap 8X. Three of these tubes are continued out 
of the vessel, as in Plate viii. Fig. 1 . The first 
marked in that figure 1, 2, 3, is inserted at its 
extremity 3 by means of an intermediate stop- 
cock 4 to the jar V which stands upon the shelf 
of asmallpneumato-riiemicalapparatus GHIE, 
the inside of which is shown Plate ix. Fig. 1. 
The second tube is applied against the outridu 
of the vessel LMNO from 6 to 7, is continued 
at 8, 9, 10, and at 11 is engaged below the jar 
V. The former of these tubes is intended for 
(xmveying gas into the machine and the latter 
for conducting small quantities for trials under 
jarsi The gas is made either to flow into or oiA 
of the machine, according to the degree of jnesM 
si^ it receives; and this pressure is varM at 
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phBsmi by theBcaieP te 80 or 
mwlB of woightB. ^00 gas is to be introdooed 
iato the mac^nO} tiie pressure is tak^ -off, 
mm mdered ne^Uve; but» when gas is to be 
expelled, a pressure isimade with such degree 
^ force as is found necessary. ^ 

The third tube 12, 13, X4^ 13, Is intended for 
oonveying air or gas to any neoessary place or 
apparatus for combustions, combinations, or 
any other experiment in which it is required. 

To explain the \m of the fourth tube, I must 
enter into some discussions. Suppose the vessel 
LMNO (Plate viii, Fig^ I) full of wato, and 
the jar A partly filled with gas, and partly with 
water; it is evident that Ihe weights in the bar* 
sin P may be so adjusted as to occasion an ex* 
act equilibrium between the weight of the ba- 
sin and of the jar, so that the external air shall 
not tend to enter into the jar nor the gas to es- 
cape from it; and in this case the water will 
stand exactly at the same level both within 
and without the jar. On the contrary, if the 
wei^t in the basin P be diminished, the jar 
will then press downwards from its own grav- 
ity, and the water will stand lower within the 
jar than it does without; in this case, the in- 
cluded air or gas will sufier a degree of com- 
pression above that experienced by the extern- 
al air, exactly proportioned to the weight of a 
column of water, equal to the difference of tlie 
external and internal surfaces of the water. 
From these reflections, M. Meusnier contrived 
a method of determining the exact degree of 
pressure to which the gas contained in the jar 
is at any time exposed. For this purpose, he 
^ploys a double glass siphon 19, 20, 21, 22, 
23, flnnly cemented at 19 imd 23. The extrem- 
ity 19 of this sij^on communicates freely with 
the water in the external vess^ of the machine, 
and l^e extremity 23 communicates with the 
fourth tube at the bottom of the cylindrical 
vess^, and consequently, by means of the per- 
^dioular tube «<. (Plate ix, Fig, witii the 
air eontained in the jar. He likewise cement, 
at 16 (Plate viii, Fig* i), ano^er gle^s tube 16, 
17, 13, which communicates at 16 with the wSn 
ter in the exterior vessel LMNO, and, at its 
U{^r end IS, is open to the external air. 

By these several contrivances, it is evident 
that the water^must stand in the tube 16, 17|> 
13, at the same level with that in the dsterU 
lUMNO; and, the contrary, that, in the 
branch 19, 20, 21 , it must stmui high^ or lower 
fseoiding as the air in Jar is subjected to a 
gsaat^s: or lesser pressure i^theextemalair.! 
B»4Mwertam tbe^ differences^ a brass scale dir* 


v^ded into incheft rand Jhes ti fixed 4)etweini 
these two tubes. It ja tea#y.eonodiW tbat^ as 
air, and eil other elaatio Auicls must incmse in 
wei^ by csompression; it knocessaiy to know 
their de^ee cd oandenssMon to be enabled to 
(Xtlcukite their ^uantitkiB and to converts the 
measure of their volumes into cmreapond^ 
weights; and this object is int^ded to beJul* 
filled by the contrivance now described. 

But, to determine the 'spedfic gravity of air 
or of .gaaes, and to ascert^ their wiei^ in a 
known^ volume, it is necessary to know their 
temperature as well as the, degree of pressure 
under which they subsist; and this is aeopinf 
plkhed hy^ means of a small thermometer, 
strongly cemented into a brass coiim wHeh 
screws into the lid of the jar This Uhrmom^ 
eter is represented separately, Plate vhi, Fig* 
lOf and in its place 24, 25, Fig* I and Pkte ix, 
Fig, i. The bulb is in the inside of theuar A, 
and its graduated stalk rises on the outakie of 
the lid. 

The practice of gazometry would still have 
laboured under great difficulties without fur* 
ther precautions than those above described. 
When the jar A sinks in the water of the cistern 
LMNO, it must lose a weight equal to that of 
the Water which it displaces; and consequently 
the compression which it makes upon the con- 
tained air or gas must be proportionally dimin- 
ished. Hence (the gas furnished, during expeii- 
ments from the machine, will not have the same 
density towards the end that it had at the be- 
ginning,; as its specific gravity is continually 
diminishing. This difference may, it is true, be 
detenUined by calculation; but this would have 
occasioned such mathematical investigations 
as must have rendered the use of this appara- 
tus both troublesome and difl^cult. M« Meus* 
nier has remedied this inconvenience by: the 
following contrivance. A square jod of iroxi, 26^ 
27 (Plate vm, Fig* l)s is raised perpendjeular 
to the middle of the beam D£. This rod. passes 
through a boUow box of brass 28, which c^^ens, 
and niay he filled with lead; and this box is 
made to slide slongst the rod by means of a 
toothed pinion playing in a ra(^,.B 0 as .to raise 
or lower the box and to fix it at suchi^plaieeS as 
is judged propw, ' ' . 

When televertcar^beam DB stands haeisonr 
tef, this box gm^^tea to;neitbao 
wken theijai! Asinks ihto the eMemLMNO, 
soas tO'mke the beam incliile to^tbat skk^ it 
is evid^t the loaidecl box 28, whidn^thentwasot 
beyosid>:^e center of sinmenskn, mustt^ 
tate to the side of the jar and augment its 





prMiii«rii^ili6 inidfuded air^ Tfaiaierinoreased 
in propc^ion as tbe box ^is raised towards* 27^ 
becsme theaame nwigbt exeHna greater power 
in proportion to the length of the lever 
wh&cditSit Hence, by moving the box 28 
fdengst the rod 26^ 27, we can augment or di> 
minidi the correction it is intended to zOake 
upbn the pressure of the jar; and both: expe* 
lienee and calculation show that, this may be 
made to compensate very exactly for the loss 
of in the jar at all degrees of pressure. 

I have not hitherto explained the most im* 
portant part of the use of this machine, wfaidb 
is the manner of employing it for ascertaining 
the quantities of the air or gas furnished during 
experiments. To determine this with the most 
rigorous precision, and likewise the quantity 
supplied to the machine from experiments, we 
fixed to the arc which terminates the arm of 
the beam E (Plate viii, Fig. f ), the brasssector 
2 m, divided into degrees and half degrees, which 
consequently moves in common with the beam; 
and the lowering of this end of the beam is 
measured by the fixed index 29, 30, which has 
a nonius giving hundredth parts of a degree at 
its extremity 30. 

The whole partictdars of the different parts 
of the above described machine are represented 
in Plate viii as follow; 

Fig. iS is the flat chain invented by M. Vau* 
canson and employed for suspending the scale 
or basin P, Fig. 1; but, as this lengthens or 
shortens according as it is more or less loaded, 
it would not have answered for suspending the 
iarA, f. 

Fig. 6 is the chain ikin^ which in Fig. 1 sus- 
tains the jar A. This is entirely formed of plates 
of polish^ iron interlaced into each oth^ £Uid 
held together by iron pins. This chain does not 
lengthen in any sensible degree, by any weight 
itiis eapaUe of supporting. 

. Fig. €. The trivet, or three branched stirrup, 
by which the jar A is hung to the balance, with 
tte seiew by which it is fixed in an accurately 
veriiioal position. 

Figi The iron rod 26, 27, which is fixed 
perpendicuUrto the center of the beam, with 
it8box28.i * . * 

I Fi§B. 7 A JS. The friction-wheels, with the 
plates of rock-crystal Z as points of contact by 
whu& the friction of the axisdf the ievear of the 
bshineeisktoided. ^ 

^ fhe pteee of metal which supports 
tlie i^of the frietdon^wheete. ' ^ 

The middle of the lever or beam; with 
tht^asdesipK^ wMchitinoves^ ^ 
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Fig. lO^iThe tfaemiometer for deteitnt^^ 
the tempmature of air or gas contained in 
thejari 

When this gasometer ia to be used, the ois* 
tern or ^eternal Vessel LMNO (Plate vni, Fig. 
1) is to be filled with water to a determinate 
height, which should be the same in all experi>^ 
ments. The level of the wat^ should be t^en 
when the beam of the balance stands horizon- 
tal; this level, when the jar is at the bottom of 
the dstem, is increased by all the water which 
it displaces and is diminished in proportion as 
the jar rises to its highest elevation. We next 
endeavour, by repeated trials, to discover at 
what elevation the box 28 must be fixed to ren- 
der the pressure equal in all situations of the 
beam. 1 should have said nearly, because this 
correction is not absolutely rigorous; and dif- 
ferences of a quarter, or even of half a line, are 
not of any consequence. This height of the box 
28 is not the same for every degree of pressure, 
but varies according as this is of one, two, three, 
or more inches. All these should be registered 
with great order and precision. 

We next take a bottle which holds eight or 
ten pints, the capacity of which is very accu- 
rately determined by weighing the water it is 
capable of containing. This bottle is turned 
bottom upwards, full of water, in the cistern of 
the pneumato-chemical apparatus GHIK (Fig. 
f ), and is set on its mouth upon the shelf of the 
apparatus, instead of the glass jar V, having 
the extr^aity 11 of the tube 7, 8, 9, 10, 11, in- 
serted into its mouth. The machine is fixed at 
zero of pressure, and the degree marked by the 
index 30 upon the sector ml is accurately ob- 
served; then, by opening the stop-cock 8, and 
pressing a little upon the jar A, as much air is 
forced into the bottle as fills it entirely. The de- 
gree marked by the index upon the sector is 
now observed, and we calculate what number 
of cubic inches correspond to each degree. We 
then fill a second and third bottle, and so on, 
in the same manner, with the same precautions, 
and even repeat the operation several times 
with bottles of different sizes, till at last, by 
acemrate attention, we ascertain the exact 
or capacity of the jar A, in all its parts; it 
is better to have it formed at first aoeuratMy 
cylindrical, by which we avoid these calcida- 
tions and estimates. 

The instrument I have been des^^b^g was 
eonstmeted with great accuracy and tmoom- 
men drill by M« Meigitie, Jr^, mgkeer and 
ph^caldnstrmnent-maker. It is n -mest valu- 
aMeinstrument, frem the great oum 
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poses to which it is applicable; and, indeed, 
there are many experiments which are almost 
impossible to perform without it. It becomes 
expenave, because, in many experiments) such 
as the formation of water and of nitric acid, it 
is absolutely necessary to employ two of the 
same machines. In the present advanced state 
of chemistry, very expensive and complicated 
instruments are become indispensably neces- 
sary for ascertaining the analysis and synthesis 
of bodies with the requisite precision as to quan- 
tity and proportion; it is certainly proper to 
endeavour to simplify these and to render them 
less costly; but this ought by no means to be 
attempted at the expense of their convenience 
of application, and much less of their accuracy. 

Section III Soim Other Methods of Measuring 

the Volume of Oases 

The gasometer described in the foregoing 
section is too costly and too complicated for 
being generally us^ in laboratories for meas- 
uring the gases and is not even applicable to 
every circumstance of this kind. In numerous 
series of experiments, more simple and more 
readily applicable methods must be employed. 
For this purpose I shall describe the means I 
used before I was in possession of a gasometer 
and which I still use in preference to it in the 
ordinary course of my experiments. 

Suppose that, after an experiment, there is a 
residuum of gas, neither absorbable by alkali 
nor water, contained in the upper part of the 
jar AEF (Plate iv. Fig. 3) standing on the shelf 
of a pneumato-chemical apparatus, of which 
we wish to ascertain the quantity. We must 
first mark the height to which the mercury or 
water rises in the jar with great exactness, by 
means of slips of paper pasted in several parts 
round the jar. If we have been operating in 
mercury, we begin by displacing the mercury 
from the jar by introducing water in its stead. 
This is readily done by filling a bottle quite full 
of water; having stopped it with your finger, 
turn it up, and introduce its mouth below the 
edge of ^e jar; then, turning down its body 
again, the mercuiy, by its gravity, falls, into 
the bottle, and the water rises in the jar, and 
takes the place occupied by the mercury. When 
this is accomplished, pour so much water iuto 
the cistern ABCD as will stand about an inch 
over the surface of the mercury; then pass the 
dish BC (Plate v, Fig. 9) und^ tiie jar, and 
carry it to the water ^tem (Pigs. 1 and 3). We 
here Change the gas into another jar, which 
hhiS beefl^ P graduated in the manner 


to be afterwards described; and we thus judge 
of the quantity or volume of the gas by means 
of the degrees which it occupies in the gradu- 
ated jar. 

There is another method of determining, the 
volume of gas, which may either be substituted 
in place of the one above described or may be 
usefully employed as a correction or proof of 
that method. After the air or gas is exchanged 
from the first jar, marked with slips of paper, 
into the graduate jar, turn up the mouth of 
the marked jar and fill it with water exactly to 
the marks EF (Plate iv. Fig. 3), and by weigh- 
ing the water we determine the volume of the 
air or gasot contained, allowing one cubic foot, 
or 1 728 cubic inches, of water for each70 pounds, 
French weight. \ 

The manner of graduating jars fon this pur- 
pose is very easy, and we ought to be provUed 
with several of different sizes, and even several 
of each size in case of accidents. Take a tall, 
narrow, and strong glass jar, and, having filled 
it with water in the cistern (Plate v, Fig. f ), 
place it upon the shelf ABCD; we ought always 
to use the same place for this operation, that 
the level of the shelf may be always exactly 
similar, by which almost the only error to which 
this process is liable will be avoided. Then take 
a narrow mouthed phial which holds exactly 6 
oz. 3 gros 61 grs. of water, which corresponds to 
10 cubic inches. If you have not one exactly of 
this dimension, choose one a little larger, and 
diminish its capacity to the size requisite by 
dropping in a little melted wax and rosin. This 
bottle serves the purpose of a standard for 
gauging the jars. Make the air contained in 
this bottle pass into the jar and mark exactly 
the place to which the water has descended; 
add another measure of air and again mark the 
place of the water, and so on, till all the water 
be displaced. It is of great consequence that, 
during the course of this operation, the bottle 
and jar be kept at the same temperature with 
the water in the cistern; and, for this reason, 
we must avoid keeping the hands upon either 
as much as possible; or, if we suspect they have 
been heated, we must cool them by means of 
the water in the cistern. The hei^t of the ba- 
rometer and thermmneter during this experi- 
ment is of no consequence. 

When the marks have been thus ascertained 
upon the jar for every ten cubic inches, we en- 
grave a scale upon one of its sides by means of 
a diamond pencil. Glass tubes are graduated 
in the same manner for use in the mercurial ap- 
paratus, only thay most be divided into cufaiQ 
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ihAeSf and tenths of a cubic inch. The bottle ter the difference between the surface of the 
used for f^uging these must hold Soz.^ gros 25 mercury in the cistern and that in the jar, and 
grs. of mercury, which exactly corresponds to the height of the barometer and thermometer, 
a cubic inch of that metal. at the end of each experiment. 

The method of determining the volume of When all the gas or gases absorbable by wa- 
air or gas by means of a graduated jar has the ter and potash are absorbed, water is admitted 
advantage of not r^uiring any correction for into the jar to displace the mercury; and, as is 
the difference of height between the surface of described in the preceding section, the mw'cury 
the water within the jar and in the cistern; but in the cistern is to be covered by one or two 
it requires corrections with respect to the height inches of water. After this, the jar is to be trans- 
of the barometer and thermometer. But, when ported by means of the flat dish BC (Plate v, 
we ascertain the volume of air by weighing the Fig, 9) into the water apparatus; and the quan* 
water which the jar is capable of containing, tity of gas remaining is to be ascertain^ by 
up to the marks EF, it is necessary to make a changing it into a graduated jar. After this, 
further correction for the difference between small trials of it are to be made by experiments 
the surface of the water in the cistern and the in little jars, to ascertain nearly the nature of 
height to which it rises within the jar. This will the gas in question. For instance, into a small 
be explained in the fifth section, of this chapter, jar full of the gas (Plate v. Fig, 8) a lighted ta- 
« TTT « .. per is introduced; if the taper is not immediately 

Sbc™n IV 0/ tAe MeiJutd of Separahng ih^ extinguished, we conclude the gas to contain 

DiffererU Gazes from Ea/ih Other oxygen gas; and, in proportion to* the bright- 

As experiments often produce two, three, or ness of the flame, w^e may judge if it contain 
more species of gas, it is necessary to be able to less or more oxygen gas than atmospheric air 

separate these from each other that we may as- contains. If, on the contrary, the taper be in- 

certain the quantity and species of each. Sup- stantly extinguished, we have strong reason to 
pose that under the jar A (Plate iv, Fig. 5), is presume that the residuum is chiefly composed 

contained a quantity of different gases mixed of azotic gas. If, upon the approach of the ta- 

together and standing over mercury; we begin per, the gas takes fire and burns quietly at the 

by marking with slips of paper, as before direct- surface with a white flame, we conclude it to be 

ed, the height at which the mercury stands pure hydrogen gas; if this flame is blue, we 

within the glass; then introduce about a cubic judge it consists of carbonated hydrogen gas; 

inch of water into the jar, which will swim over and, if it takes fire wdth a sudden deflagration, 

the surface of the mercury. If the mixture of that it is a mixture of oxygen and hydrogen 

gas Contains any muriatic or sulphurous acid gas. If, again, upon mixing a portion of the re- 
gas, a rapid and considerable absorption will siduum with oxygen gas, red fumes are pro- 

instontly take place, from the strong tendency duced, we conclude that it contains nitrous gas. 

these two gases have, especially the former, to These preliminary trials give some general 
combine with or be absorbed by water. If the knowledge of the properties of the gas and nar 

water only produces a slight absorption of gas ture of the mixture, but are not sufficient to de- 

hardly equal to its own bulk, we conclude that termine the proportions and quantities of the 

the mixture neither contains muriatic acid, sul- several gases of which it is composed. For this 

phuric acid, or ammoniacal gas, but that it purpose all the methods of analysis must be 

contains carbonic acid gas, of which water only employed ; and, to direct these properly, it is of 

absorbs about its own bulk. To ascertain this great use to have a previous approximation by 

conjecture, introduce some solution of caustic the above methods. Suppose, for instance, we 

alkali, and the carbonic acid gas will be grad- know that the residuum consists of oxygen ami 

uaHy absorbed in the course of a few hours; it azotic gas mixed together; put a determinate 

combines with the caustic alkali or potash, and quantity, 100 parts, into a graduated tube of 

the remaining gas is left almost perfectly free ten or twelve lines diameter, introduce a solu- 

from any sensible residuum of carbonic acid gas. tion of sulphuret of potash in contact with the^ 

After each experiment of this kind, we must gas, and leave them together for some da^; 

carefully mark the height at which the mercury the sulphuret absorbs the whole oxygen 

stands within the jar by slips of paper pasted and leaves the azotic gas pure, 
on and varnished over when dry, that they If it is known to contain hydrogen gas, a de- 

may i^t bewared off when plac^ in the wa- terminate quantity is introduced into Voita’e 
ter apparatus. It is likewise necessary to regia- eudiometer alongst with a known proportion of 
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h^rdrogeii gas; these are deflagrated tog^her 
by means of the electrical spark ; fresh portions 
of oxygen gas are successively added till no fixN 
ther deflagration takes place and till the gi^t^ 
est possible diminution is produced. By this 
process water is formed, which is immediately 
absorbed by the water of the apparatus ; but, if 
the hydrogen gas contain charcoal, carbonic 
add is formed at the same time, which is not 
absorbed so quickly; the quantity of this is 
readily ascertained by assisting its absorption, 
by means of agitation. If the residuum con* 
tains nitrous gas, by adding oxygen gas, with 
which it combines into nitric acid, we can very 
nearly ascertain its quantity from the diminu- 
tion produced by this mixture. 

I confine myself to these general examples, 
which are sufficient to give an idea of this kind 
of operation; a whole volume Would not serve 
to exihiin every possible case. It is necessary 
to become familiar with the analysis of gases 
by long experience; we must even acknowledge 
t^t they mostly possess such powerful affini- 
ties to each other that we are not always cer- 
tain of having separated them completely. In 
these cases, we must vary our experiments in 
every possible point of view, add new agents to 
the combination, and keep out others, and con- 
tinue our trials till we are certain of the truth 
and exactitude of our conclusions. 

SncnoN V Of the Necessary Corrections of the. 
Volume of Gases, According to the Pressure qf 
the Atmosphere 

All dastic fluids are compressible or conden- 
sable in proportion to the weight with which 
they are loaded. Perhaps this law, whidi is 
ascertained by general experience, may suffer 
some irregularity when these fluids are under 
a degree of condensation almost sufficient to 
reduce them to the liquid state, or when either 
a state of extreme rarefaction or GondeQsar< 
tion;,* but we seldom approach either of these 
Imite with most of tiie gases which we submit 
to our experiments. I understand this proposi- 
tion of gases bdng compressible, in proportion 
to their superincumbent weighti^ as follows: 

: A barometeri which is an instrument gener- 
ally known; is, properly speaking, a species of 
s^hon^ ABCD (Plate xii^ Fig. 16), whose lc^. 
is filled with mercury, whIbtttelegCD is 
If we suppose the branch CD indef^ 
initely continued tffi it equals theheigbt of our 
atetesphere^ we can reat^ conceive that the 
hiMsaeter is« in reality, a sort of. balance, in 
ttcolum of i^ds in equilibria; 


util with a ootomn of air of the same 
But it is unnecessary to prolongate tbe brsu^ 
CD to such a hei^t, as it is evident that the 
barometer, being immersed in air, the ocdumn 
of mercury AB wffi be equally in equilibriiim 
with a column of air of the same diameter, 
though the leg CD be cutoff at C, and the part 
CD be taken away altogether. 

The medium height of mercury in equilibri- 
um with the weight bf a column of air, from 
the highest part of the atmosphere to the sur- 
face of the earth, is about twenty-eight French 
inches in the lower parts of the city of Paris; 
or, in oth^.words, the air at the surfqfce of the 
earth at Paris is usually pressed Uj^n by a 
weight equal to that of a column ofhnercury 
twenty-eight inches in height. I must tib under- 
stood in this way in the several parii of this 
publication when talking of the differed gases, 
as, for instahoe, wheh the cubic foot of festygen 
gas is said to weigh 1 or. 4 gros, under 28 inches 
pressure. The hei^t of this column of mercury, 
supported by the pressure of the air, diminish- 
es in proportion as we are devated above the 
surface of the earth, or rather above the level 
of the sea, because the mercury can only form 
an equilibrium with the column of air which is 
above it and is not in the smallest degite af- 
fected by the air which is below its level. 

In what ratio does the mercury in the barom- 
eter descend in proportion to its elevation; or; 
which is the same thing, according to what law 
or ratio do the several strata of the atmosphere 
decrease in density? This question, which has 
exercised tiie ingenuity of natural philosophers 
diuing the last century, is considerably eiudh 
dated by the’ following experiment. 

If we take the glass siphon ABODE (Plate 
XII, Fig, 17), shut at £ and open at A, and in- 
troduce a few drops of mercury, so as to inter* 
c^t the communication of air tetween the leg 
AB and the leg BE, it is evident that the air 
contained in BODE is pressed upon, in com- 
mon with the whole surrounding air, by a. 
weight or column of air equal to 28 inches of 
mercery. But, if we pour ^ inches of merlsury 
into tihe leg AB, it is plain the air in the brafid^ 
BODE will now be pressed upon by a wdgbt 
equal to twice 28 inches of mercury, or twice 
the wei|^ of the atmosphere; and experience 
shows thatv in this ease, the inducted air; in- 
stead of ifiUing the tube from B tb £j only oo*« 
cupies frcHn C to oi* exactly one faaU cS the 
sp^e H filled before. If to this first coluiBm of 
mercury weadd twocnher porticm^ 
eadi, infthe bnaseh AB, the air in the branch 
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B(l!9DS iidH be pii^sed th^ 

of the ^tmoeiiherei c^ four tifiiee the 
weijght of 28 foehesdf atod itiPiB thcsh 

only fill the 6pe.o6 fiM D to E, or eilttiotty'Ohe 
quarter of the epaide it ' occupied at the com- 
metieement of the ^tperitoient; From these 
periments, which iuay bteinfinitely>aried/has 
been deduced as a generd law of nature. Which 
seems applicable to all permanently eliy tic fiu^ 
ids, that they diminish in volume in protiortion 
to the weights with which they are prised up^ 
oni; or, in other words: *Hhe volume if all etcM: 
fluids is in the inverse ratio of the weight hy which 
they arei compressed” 

The mfcperiments which havejbeen made for 
measuring the heights of mountains by means 
of the barometer confirm the truth of these de- 
ductions; and, even supposing, them in some 
degree inaccurate, these differences are so ex- 
tremely small th^ they may be reckoned as 
nullities in chemical experiments. When this 
law of the compression of elastic fluids is once 
well understood, it becomes easily applicable 
to the corrections necessary in pneumato- 
cihemical experiments Upon the volume of gas 
in relation to its pressure. These corrections 
are of two kinds, the one relative to the vari- 
ations of the barometer and the other for the 


weif^ of thia gas occupying 100 cubic indttes, 
under 29.5 inches of barometrical pressure; for, 
as It eorieeponds to 101.786 cubic inches at the 
pressure of 28, and as; at this pressure, and at 
16® (64*5®> of temperature, each cubic inch of 
oxygen gas weighs half a grain, it follows that 
100 cubic inches, under 28.5 barometrical pres- 
sure, must Weigh 50.893 grains. This conclu- 
sion might have been formed more directly, as, 
since the volume of elastic fluids is in the in- 
verse ratio of their compression, their weights 
must be in the dii^ect ratio of the same com- 
pression: hence, since 100 cubic inches weigh 
50 grains under the pressure of 28 inches, we 
have the following statement to determine the 
weight of 100 cubic inches of the same gas at 
28.5 barometrical pressme; 28:50::28.5::r, the 
unknown quantity, =60.893. 

The following case is more complicated. Sup- 
pose the jar A (Plate xii, Fig. 160 to' contain a 
quantity of gas in its upper part ACD, the rest 
of the jar below CD being full of mercury, and 
the whole standing in the mercurial basin or 
reservoir GHIK, filled with mercury up to EF, 
and that the difference between the surface CD 
of the mercury in the jar, and EF, that in the 
cistern, is six inches, while the barometer stands 
at 27.5 inches. It is evident from these data 


column of water or mercury contained in the 
jars. I shall endeavour to explain these by 
examples, be^nning with the most Simple 
case. 

Suppose that 100 cubic inches of oxygen gas 
are obtained at 10® (64.5®) of the thermometer, 
and at 28 inches 6 lines of the barometer, it is 
required to know what volume the 100 cubic 
inches of gas would occupy, under the pressure 
of 28 inches,^ and what is the exact weight of 
the 100 inches of oxygen gas? Let the unknown 
voiomee, or the number of inches this gas would 
occup 3 ^ at 28 inches df the barometer, be ex- 
press^i by x; and, since the Volumes are in the 
iiiv^se ratio of their superincumbent weights^ 
we haW the following statement: 100 cubic’ 
inches is te x inversely as *29.5 inches pres- 
sure is td 28.0 inches; or directly 28:28.5::l00: 
««101.786^Ubic inches, at 28 inches bard-; 
mCti4Cal ptessure; that is td say, the same gas 
or‘ai)r'#hicfa at 28.5 inches 6f the baWwneter oc- 
cupies 100 cubic inches of volume; wiH occupy 
101,786 cubic inches when the b^meter is at 
28 indim. It is .equally easy to calculate the 


that the air contained in ACD is pressed upon 
by the weight of the atmosphere, diminished 
by the weight of the column of mercury CE, or 
by 27.5 --6=21.6 inches of bardmetrical pres- 
sure. This air is therefore less compressed than 
the atmosphere at the mean height of the ba- 
rometer, and consequently occupies more space 
than it would occupy at the mean pressure, 
the difference being exactly proportional to the 
difference between the compressing weights; 
If; then, upon measuring the space ACD, it isi 
fdund to be 120 cubic indies, it must be re-* 
duced to the vdlume which it would occupy 
under the mean pressure of 28 inches. This is 
done by the following statement: 120a:, the 
unknown volume, : :21 .5 :28 inversely ; this gives 

120X21;5 u' • I 

X = — =92.143 cubic inches. 

In these calculations we may either redu^ 
the height (rf the mercury in the bammeter; 
and the difference of level in the jar and basin, 
into Unes or dedmal fractions of the inch^bnt 
Ipreferthetatier; as it is more readily calci^f^ 
ed. Ae, in these operations, which fieqtienfiy 
reimr, it is of great to have means of abl^ 
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viatidh; I have ^veii a table in the appenmX 
for jreducing Knee andiraotionsof lines into dec- 
imal fractions of the inch. ' ' ' 
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In experiments performed in the weter-^p* 
paratus, we must make similar corrections to 
procure rigorously exact results, by taking into 
account, and making allowances for the differ- 
ence of height of the water within the jar above 
the surface of the water in the cistern. But, as 
the pressure of the atmosphere is expressed in 
inches and lines of the mercurial barometer, 
and as homogeneous quantities only can be 
calculated together, we must reduce the ob- 
served inches and lines of water into corre- 
spondent heights of the mercury. I have given 
a table in the appendix for this conversion, 
upon the supposition that mercury is 13.5681 
times heavier than water 

Section VI Of the Correction Reiative to the 

Degrees of the Tlirnnorneter 


possible to the standard of 10^ (54.5®); by this 
means any errors in correcting the wei^t or 
volume of gases by reducing them to the com- 
mon standard, will become of little momenta 
The calculation for this correction is ex^ 
tremely easy* Divide the observed volume 
of air by 510 and multiply the quotient by 
the degrees of temperature above or below 
10® (54*5®)* This correction is negative when 
the actual temperature is above the standard 
and positive when below. By the use of 
logarithmical tables this calculation is much 
facilitated. 

Section* VII ExantpU for Cal(ndaU 1 ^i the Cor^ 
rectipns Relative to the Variations of Pressure 
and Temperature • 


In ascertaining the weight of gases, besides 
reducing them to a mean of barometrical pres- 
sure, as directed in the preceding section, we 
must likewise reduce them to a standard ther- 
mometrical temperature; because, all elastic 
fluids being expanded by beat and condensed 
by cold, their weight in any determinate vol- 
ume is thereby liable to considerable altera- 
tions. As the temperature of 10® (54.5®) is a 
medium between the heat of summer and the 
cold of winter, being the temperature of sub- 
terraneous places and that which is most easily 
approached to at all seasons, I have chosen that 
degree as a mean to which I reduce air or ges 
in this species of calculation. 

M. de Luc found that atmospheric air was 
increased part of its bulk, by each degree of 

a mercurial thermometer, divided into 81 de- 
grees, between the freezing and boiling points; 
thisgives 34ii part for each degree of Reaumur's 
thermometer, which is divided into 80 degrees 
between these two points. The experiments of 
M. Monge seem to make this dilatation less 
for hydrogen gas, which he thinks is only di- 
lated We have not any exact experiments 
hitherto published respecting the ratio of dila- 
tation of the other gases; but, from the trials 
which have been made, their dilatation seems 
to differ little from that of atmospheric air. 
Hence I inay take for granted, till further ex- 
periments give us better information upon this 
subject, that atmos^daerical air is dilated 
part, and hydrogen gas H«»o part for each de- 
gree of the thermometer;, but, as there is still 
gimt uncertainty upon this point, we ought 
alwgya^to operate in a temperature as near as 

appendix is omitted in this edition.— 

Enneoa. 


CASE 

1 

In the jar A (Plate iv. Fig, 5), standW in a 
water-apparatus, is contained 3^ cubic inches 
of air; the surface of the water within the jar 
at EF is 4J^ inches above the water in the cis- 
tern, the barometer is at 27 inches lines, 
and the thermometer at 15® (65.75®). Having 
burnt a quantity of phosphorus in the air, by 
which concrete phosphoric acid is produced, 
the air after the combustion occupies 295 cubic 
inches, the water within the jar stands 7 inches 
above that in the cistern, the barometer is at 
27 inches hues, and the thermometer at 16® 
(68®). It is requir^ from these data to deter- 
mine the actual volume of air before and after 
combustion and the quantity absorbed during 
the process. 


CalcvMion before Combustion 


The air in the jar before combustion was 353 
cubic inches, but it was only under a barometri- 
cal pressure of 27 inches 9 hnes, which, reduc- 
ed to decimal fractions, gives 27.79167 inches; 
and from this we must deduct the difference of 
4^ inches of water, which corresponds to 
0.33166 inches of the barometer; hence the real 
pressure of the air in the jar is 27.46001. As the 
vdume of elastic fluids dimmish in the inverse 
ratio of the compressing weights, we have the 
following statement to reduce t^ 353 inches 
to the volume the air would occupy at 28 inches 
barometrical pressure. 

353:0?, the unknown volume, ::27.46001 :28. 

„ 353 X27.46001 

Hence, gg ^ * 


> 346.192 culac inch- 


es, which is the volume the same quantity of 
air wpuid have occupied at 28 inchesof the ba- 
rometer. 




Tlie 210th part of this oorrected volume is 
1.65» which, for the five degrees of temperature 
above the standard g^ves 8.255 cubic inches; 
and, as this correction is subtractive, the real 
corrected volume of the air before combustion 
is 337.942 inches. 

Calculation after Combustion 

By a similar calculation upon the volume of 
air after combustion, we find its barometrical 
pressure 27.77083-0.51593 » 27.25490. Hence, 
to have the volume of air under the pressure of 
28 inches, 295: a?::27.77083:28 inversely; or, x 

» ^ 287.150. The 210th part of 

this corrected volume is 1.368, which, mul- 
tiplied by 6 degrees of thermometrical dif- 
ference, gives the subtractive correction for 
temperature 8.208, leaving the actual cor- 
rected volume of air after combustion 278.942 
inches. 


The corrected volume before combustion 337.942 
Ditto remaining after combustion 278.042 

Volume absorbed during combustion 59.000. 


Section VIII Method of Determining the Ahso- 

hde Gravity of the Different Gases 

Take a large balloon A (Plate v, Fig. 10) 
capable of holding 17 or 18 pints, or about half 
a cubic foot, having the brass cap beds strongly 
cemented to its neck and to which the tube and 
stop-cock/^ is fixed by a tight screw. This ap- 
paratus is connected by the double screw, rep- 
resented separately at Fig. 1^ to the jar BCD, 
Fig, 10, which must be some pints larger in di- 
mensions than the balloon. This jar is open at 
top and is furnished with the brass cap hi and 
stop-cock Im, One of these stop-cocks is repre- 
sented separately at Fig. 11. 

We first determine the exact capacity of the 
balloon by filling it with water and weighing it 
both full and empty. When emptied of water, 
it is dried with a cloth introduced through its 
neck de, and the last remains of moisture are 
removed by exhausting it once or twice in an 
air-pump. 

When the weight of any gas is to be ascer- 
tained, this apparatus is used as follows: fix 
the balloon A to the plate of an air-pump by 
means of the screw of the stop-cock fg, whidi 
is left open; the balloon is to be exhausted as 
completely as possible, observing carefully the 
degree of exhaustion by means of the barom- 


eter attached to the air-pump. When the vacu- 
um is formed, the stop-cock/g is shut and the 
weight of the balloon determined with the most 
scrupulous exactitude. It is then fixed to the 
jar BCD, which we suppose placed in water in 
the shelf of the pneumato-chemical apparatus 
{Fig. /) ; the jar is to be filled with the gas we 
mean to weigh, and then, by opening tiie stop- 
cocks fg and Zm, the gas ascends into the balr 
loon, whilst the water of the cistern rises at the 
same time into the jar. To avoid very trouble- 
some corrections, it is necessary, during this 
first part of the operation, to sink the jar in the 
cistern till the surfaces of the water within the 
jar and without exactly correspond. The stop- 
cocks are again shut, and the balloon being un- 
screwed from its connection with the jar, is to 
be carefully weighed; the difference between 
this weight and that of the exhausted balloon 
is the precise weight of the air or gas contained 
in the balloon. Multiply this weight by 1728, 
the number of cubic inches in a cubic foot, and 
divide the product by the number of cubic 
inches contained in the balloon; the quotient is 
the weight of a cubic foot of the gas or air sub- 
mitted to experiment. 

Exact account must be kept of the baromet- 
rical height and temperature of the thermom- 
eter during the above experiment; and from 
these the resulting weight of a cubic foot is 
easily corrected to the standard of 28 inches 
and 10®, as directed in the preceding section. 
The small portion of air remaining in the bal- 
loon after forming the vacuum must likewise 
be attended to, which is easily determined by 
the barometer attached to the air-pump. If 
that barometer, for instance, remains at the 
hundredth part of the height it stood at before 
the vacuum was formed, we conclude that one 
hundredth part of the air originally contained 
remained in the balloon and consequently that 
only ^Hoo of gas was introduced from the jar 
into the balloon. 


CHAPTER III 

Description of the Cakrirmier, or Apparatvjsfor 
Measuring Calorie 

The calorimeter, or apparatus for measuring 
the relative quantities of heat contained in 
bodies, was described by M. de liUplace and 
me in the Recueil de VAcadimie for 1780, p. 
355, and from that essay the materials of this 
chapter are extracted. 

If, after having cooled any body to the frees- 
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iiig pmiili it be exposed in an aimbepbere iA 
28* (SSJS^, the will gradually beocone 
from the surface inwards, till at liwt it 
acquires the same temperature with the sur- 
rounding ak. But, if a piece of ice be placed in 
the same situation, the circumstances are quite 
different; it does not approach in the smallest 
degree tbwards the temperatureof the circum- 
ambient air but remains constantly at sero 
(32^), or the temperature of melting ice, tiU 
^e last portion of ice be completely melted. 

This phenomenon is readily explained, as, to 
melt ice, or reduce it to water, it requires to be 
combing with a certain portion of caloric; the 
whole caloric attracted from the surrounding 
bodies, is arrested or fixed at the surface or ex- 
ternal layer of ice which it is employed to dis- 
solve, and combines with it to form water; the 
next quantity of caloric combines with the sec- 
ond layer to dissolve it into water, and so on 
successively till the whole ice be dissolved or 
converted into water by combination with ca- 
loric, the very last atom still remaining at its 
former temperature, because the caloric has 
never penetrated so far as long as any inter- 
mediate ice remained to melt. 

Upon these principles, if we conceive a hol- 
lowsphereoficeat the temperatureof zero (32®) 
placed in an atmosphere 10® (54.5®), and con- 
taining a substance at any degree of tempera- 
ture above freezing, it follows, 1st, that the 
heat of the external atmosphere cannot pene- 
trate into the internal hollow of the sphere of 
ice; 2nd, that the heat of the body placed in 
the hollow of the sphere cannot penetrate out- 
wards beyond it, but will be stopped at the in- 
temalsurfaceand continually employed to melt 
successive layers of ice, until the temperature 
of the body be reduced to zero (32®) by having 
all its superabundant caloric above that tem- 
perature carried off by the ice. If the whole wa- 
ter, formed within the sphere of ice during the 
reduction of the temperature of the included 
body to zero, be carefully collected, the weight 
of the water will be exactly proportional to the 
quantity of caloric lost by the body in passing 
from its original temperature to that of melting 
ice; for it is evident that a double quantity of 
caloric would have melted twice the quantity 
of ioe; hence the quantity of ice melted is a 
very exact measure of the quantity of caloric 
employed to prodilce that effect and conse- 
quently of the quantity lost by the only sub- 
stance that could possibly have supplied it. 

1 have made this supposition of what would 
taheipbtein a hollow sphere of ioe for the pur- 


pose Of more resdily explaining ^he mettiod 
need in this species ctf ^periment^ 
first conomved by M. de Le^ilaee. It would be 
difficult to procure such spheres of ioe and in- 
convenient to make use of them when got; but, 
by means of the following apparatus^ we have 
remedied that defect. I acknowledge the, name 
of calorimeUrf which I have given it, as derived 
partly from Greek and partly from Latin, is in 
some degree open to criticism; but, in matters 
of science, a slight deviation from strict ety- 
mology, for the sake of giving distinctness of 
idea, is excusaHe; and I could not derive the 
name entirely from Greek without appijoadhing 
too near t(f Ihe names of known instruments 
employed for other purposes. \ 

The calorimeter is represented in Flaw vi. It 
is shown in perspective at Fig. 1, and its inte- 
rior structure is engraved in Figs. 2 and\3; the 
former being a horizontal, and the latter ^ per^ 
pendicular section. Its capacity or cavity 'is di- 
vided into three parts, which, for better dis- 
tinction, 1 shall name the interior, middle, and 
external cavities. The interior cavity//// {Fig. 
4), into which the substances submitt^ to ex- 
periment are put, is composed of a grating or 
cage of iron wire supported by several iron 
bars; its opening or mouth LM is covered by 
the lid HG of the same materials. The middle 
cavity bbbb (Figs. 2 and 8) is intended to con- 
tain the ice which surrounds the interior cav- 
ity, and which is to be melted by the caloric of 
the substance employed in the experiment. The 
ice is supported by the grate mm at the bottom 
of the cavity, under which is placed the sieve 
nn. These two are represent^ separately in 
Figs. 5 and 6. 

In proportion as the ice contained in the mid'^ 
die cavity is melted by the calorio disengaged 
from the body placed in the interior cavity, 
the water runs through the grate and sieve and 
falls through the conical funnel ced (Fig. 3), 
and tube ary, into the receiver F (Pig. 1): This 
water may be retained or let out at pleasure,/ 
by means of the stop-cock u. The external cav^ 
ity aaua (Figs. 2 and 3), is filled with ice, to 
prevent any effect upon the ice in the middle 
cavity from the heat of the surrounding air, 
and the water produced from it is carried off 
through the pipe ST, which shuts by means of 
the stop-cock r. The whole machine is covered 
by the lid ¥F (Fig^ 7), made 6f tin painted With 
oil colour to prev^t rust. 

When this machine is to be employed,- the 
middle cavity bhbb (Fi^. 3 and 3);'the lid 
QH (Fig. 4) of the interior cavtty, »tlie 
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efifiential ’that ihb experiment be tamed on in 
a temperature somewhat above freezing : henoe^ 


nal cavity aaaa iFiffs. 19 and^), todihe gen^ 
era! lid EF (Fig. 7), are all filled with peui^ed 
ice; w^ ramm^so tibat no void spaces remain, 
and the ice of the middle cavity is allowed to 
drain. The machine is then opened, and the 
substancesubxnitted to experiment being placed 
in the< interior cavity, it is instantly closed; 
After waiting till the included body is com- 
pletely cooled to the freezing point, and the 
whole melted ice has drained from the middle 
cavity, the water collected in the vessel F (Fig. 
1) is accurately t^reighed. The weight of the wa- 
ter produced during the experiment is an exact 
measure of the caloric disengaged during the 
cooling of the included body, as this substance 
is evidently in a similar situation with the one 
formerly mentioned as included in a hollow 
sphere of ice; the whole caloric disengaged is 
stopped by the ice in the middle cavity, and 
that ice is preserved from bdng affected by 
any other heat by means of the ice contained 
in the general lid {Fig. 7) and in the external 
cavity. Experiments of this kind last from fif- 
teen to twenty hours; they are sometimes ac- 
celerated by covering up the substance in the 
interior cavity with well drained ice, which 
hastens its cooling. 

The substances to be operated upon are 
placed in the thin iron bucket (Fig, 5), the cov- 
er of which has an opening fitted with a cork, 
into which a small thei-mometer is fixed* When 
we use acids, or other fiuids capable of injuring 
the metal of the instruments, they are con- 
tained in the matrass (Fig. iO), which has a 
similar thermometer in a cork fitted to its 
mouth, and which stands in the interior cav- 
ity upon the small cylindrical support RS (Fig. 
10 ). 

It is absolutely requisite that there be no 
communication between the external and mid- 
dle cavities of the calorimeter, otherwise the 
ice melted by the influence of tiie surrounding 
air, in the external cavity, would mix with the 
water produced from the ice of the middle cav- 
ity, whi<^ would no longer be a measure of the 
c^oric lost by the substance submitted to ex- 
periment. 

When the temperature of the atmosphere is 
onty a few de^ees above the freezing point, its 
heat can hardly reach the middle cavity, being 
arrested by the ice of the cover (Fig^ 7) and Of 
thd external cavity; but, if the temperature of 
the air be under the degree of freezing, ft might 
cod the iee contained in the niiddle cavity by 
cainemg1^4ce in the external cavity to fall, in 
idace, below zero (32^). It is tiierefore 


in time of frost, the calorimeter must be kept 
in an apartment carefully heated. It is likewise 
necessary that the ice employed be not under 
zero (32®) ; fpr which purpose it must be pound- 
ed and spread out thin for some time in a place 
of a hi^er temperature. 

The ice of the interior cavity always retains 
a certain quantity of water adhering to its sur- 
face, which may be supposed to belong to the 
result of the experiment; but as, at the begin- 
ning of each experiment, the ice is already sat- 
urated with as much water as it can contain, if 
any of the water produced by the caloric should 
remain attached to the ice, it is evident that 
very nearly an equal quantity of what adhered 
to it before the experiment must have run down 
into the vessel F in its stead ; for the inner sur- 
face of the ice in the middle cavity is very little 
changed during the experiment. * 

By any contrivance that could be devised, 
we could not prevent the access of the external 
air into the interior cavity when the atmos- 
phere was 9® or 10® (52® or 54®) above zero. The 
air confined in the cavity, being in that case 
specifically heavier than the external air, es- 
capes downwards through the pipe xy (Fig. 3), 
and is replaced by the warmer external air, 
which, giving out its caloric to the iee, becomes 
heavier and sinks in its turn; thus a current of 
air is formed through the machine, which is the 
more rapid in proportion as the external air ex- 
ceeds the internal in temperature. This curi'ent 
of warm air must melt a part of the ice and in- 
jure the accuracy of the experiment. We may, 
in a great degree, guard against this source of 
error by keeping the stop-cock u continually 
shut; but it is better to operate only when the 
temperature of the external air does not exceed 
3^ or at most 4® (39® to 41®); for we have ob- 
i^rved that, in this case, the melting of the in- 
terior ice by the atmospheric air is perfectly 
insensible; so that we may answer for the ac- 
curacy of our experiments upon the specific 
heat of bodies to a fortieth part. 

We have had construe^ two of tiie above- 
described machines; one, which is intendedf for 
such experiments as do not require the interidr 
air to be renewed, is precisely formed accerding 
to the description here given; the other, 'which 
answers for experiments upon combdBtion, res- 
piration, Ac. in which fresh quantities df Sir 
are tirdispensably necessary, differs froni tiie 
foimier in having two small tubes in the twO 
lids, by which a current'nf atmospheric air' 
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may be blown into the interior cavity of the 
machine. 

It is extremely easy, with this apparatus, to 
determine the phenomena which occur in op- 
erations where caloric is either disengaged or 
absorbed. If we wish, for instance, to ascertain 
the quantity of calorie which is disengaged from 
a solid body in cooling a certain number of de- 
grees, let its temperature be raised to 80® (212®) ; 
it is then placed in the interior cavity //// 
{Figs, 2 and S) of the calorimeter, and allowed 
to remain till we are certain that its tempera- 
ture is reduced to zero (32®); the water pro- 
duced by melting the ice during its cooling is col- 
lected and carefully weighed; and this weight, 
divided by the volume of the body submitted 
to experiment, multiplied into the degrees of 
temperature which it had above zero at the 
commencement of the experiment, gives the 
proportion of what the English philosophers 
call specific heat. 

Fluids are contained in proper vessels, whose 
specific heat has been previously ascertained, 
and operated upon in the machine in the same 
manner as directed for solids, taking care to de- 
duct, from the quantity of water melted during 
the experiment, the proportion which belongs 
to the containing vessel. 

If the quantity of caloric disengaged during 
the combination of different substances is to be 
determined, these substances are to be pre- 
viously reduced to the freezing degree by keep- 
ing them a sufficient time surrounded with 
pounded ice; the mixture is then to be made in 
the inner cavity of the calorimeter, in a proper 
vessel likewise reduced to zero (32®) ; and they 
are kept inclosed till the temperature of the 
combination has returned to the same degree. 
The quantity of water produced is a measure of 
the cabric disengaged during the combination. 

To determine the quantity of caloric disen- 
gaged during combustion and during animal 
re^3iration, the combustible bodies are burnt, 
or the animals are made to breathe in the in- 
tmor cavity, and the water produced is care- 
fully collect^. Guinea pigs, which resist the 
effects of cold extremely well, are well adapted 
for this experiment. As the continual renewal 
of air is absolutely necessary in such experi- 
ments, we blow fr^ air into the interior cav- 
il^ of the calorimeter by means of a pipe des- 
tined for that purpose and allow it to escape 
tfarou^ another pipe of the same kind; and 
the heat of this air may not produce errors 
in the results of the experiments, the tube 
^ofa conv^ it into the machine is made to 


pass throu^ pounded ice, (hat it may be re- 
duced to zero (3^) before it arrives at the cal- 
orimeter. The air which escapes must likewise 
be made to pass through a tube surrounded 
with ice, included in the interior cavity of the 
machine, and the water which is produced must 
make a part of what is collected, because the 
caloric disengaged from this air is part of the 
product of the experiment. 

It is somewhat more difficult to determine 
the specific caloric contained in the different 
gases, on account of their small degree of den- 
sity; for, if they are only placed in the calorim- 
eter in vessels like other fluids, the quantity of 
ice melted & so small that the result of the ex- 
periment becomes at best very uncerikin. For 
this species of experiment we have contrived to 
make the air pass through two metallic worms, 
or spiral tubes; one of these, through wh\ch the 
air passes and becomes heated in its v^y to 
the calorimeter, is contained in a vessel full of 
boiling water, and the other, through which 
the air circulates within the calorimeter to dis- 
engage its caloric, is placed in the interior cav- 
ity, ////, of that machine. By means of a small 
thermometer placed at one end of the second 
worm, the temperature of the air, as it enters 
the calorimeter, is determined, and its temper- 
ature in getting out of the interior cavity is 
found by another thermometer placed at the 
other end of the worm. By this contrivance we 
are enabled to ascertain the quantity of ice 
melted by determinate quantities of air or gas, 
while losing a certain number of degrees of tem- 
perature, and, consequently, to determine their 
several degrees of specific caloric. The same 
apparatus, with some particular precautions, 
may be employed to ascertain the quantity of 
caloric disenpged by the condensation of the 
vapours of different liquids. 

The various experiments which may be made 
with the calorimeter do not afford absolute con- 
clusions, but only give us the measure of rela- 
tive quantities; we have therefore to fix a unit, 
or standard point, from whence to form a scale 
of the several results. The quantity of caloric 
necessary to melt a pound of ice has been chos- 
en as this unit; and, as it requires a pound of 
water of the temperature of 60® (167®) to melt 
a pound of ice, the quantity of caloric expressed 
by our unit or standard point is what raises a 
pound of water from zero (32®) to 60® (167®). 
When this unit is once determined, we have 
only to express the quantities of caloric disen- 
gaged from different bodies by cooling a cer- 
tain number of degrees in analogous values* 
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The following is an easy mode of calculation 
for this purpose, applied to one of our earliest 
experiments. 

We took 7 16. 11 os. 2 pros 36 prs. of plate- 
iron, cut into narrow slips and rolled up, or ex- 
pressing the quantity in decimals, 7.7070319. 
These, being heated in a bath of boiling water 
to about 78® (207.5®), were quickly introduced 
into the interior cavity of the calorimeter. At 
the end of eleven hours, when the whole quan- 
tity of water melted from the ice had thorough- 
ly drained off, we found that 1.109795 pounds 
of ice were melted. Hence, the caloric disen- 
gaged from theironbycooling78®(175.6®) hav- 
ing melted 1.109795 pounds of ice, how much 
would have been melted by cooling 60® (135®)? 
This question gives the following statement in 
direct proportion, 78 :1.109795::60::a; —0.8569. 
Dividing this quantity by the weight of the 
whole iron employed, viz. 7.7070319, the quo- 
tient 0.1 10770 is the quantity of ice which would 
have been melted by one pound of iron whilst 
cooling through 60® (135®) of temperature. 

Fluid substances, such as sulphuric and ni- 
tric acids, &c., are contained in a matrass (Plate 
VI, Fig. 9) having a thermometer adapted to 
the cork, with its bulb immersed in the liquid. 
The matrass is placed in a bath of boiling wa- 
ter, and when, from the thermometer, we judge 
the liquid is raised to a proper temperature, the 
matrass is placed in the calorimeter. The cal- 
culation of the products, to determine the spe- 
cific caloric of these fluids, is made as above di- 
rected, taking care to deduct from the water 
obtained the quantity which would have been 
produced by the matrass alone, which must be 
ascertained by a previous experiment. The table 
of the results obtained by these experiments is 
omitted, because not yet sufficiently complete, 
different circumstances having occasioned the 
series to be interrupted; it is not, however, lost 
sight of ; and we are less or more employed up- 
on the subject every winter. 

CHAPTER IV 

Of Mechanical Operations for Dmtian of Bodies 

Section I Of Trituration, Levigation, and Pvir 

yerbtatian 

These are, properly speaking, only prelimi- 
nary mechanical operations for dividing and 
s^iarating the particles of bodies and reducing 
them into very fine powder. These operations 
can never leducesubstances into their primary^ 
or etementary and ultimate particles; they do 


not even destroy the aggregation of bodies; for 
every particle, after the most accurate tritura- ' 
tion, forms a small whole, resembling the orig- 
inal mass from which it was divided. The real 
chemical operations, on the contrary, such as 
solution, destroy the aggregation of bodies and 
separate their constituent and integrant par- 
ticles from each other. 

Brittle substances are reduced to powder by 
means of pestles and mortars. These are of 
brass or iron (Plate i. Fig. f ) ; of marble or gran- 
ite (Fig. £) ; of lignum vitae (Fig. 3 ) ; of glass 
(Fig. 4 ) ; of agate (Fig. S ) ; or of porcelain(Fi(^. 
6). The pestles for each of these are represent^ 
in the plate, immediately below the mortars to 
which they respectively belong, and are made 
of hammered iron or brass, of wood, glass, por- 
celain, marble, granite, or agate, according to 
the nature of the substances they are intended 
to triturate. In every laboratory, it is requisite 
to have an assortment of these utensils, of var- 
ious sizes and kinds. Those of porcelain and 
glass can only be used for rubbing substances 
to powder, by a dexterous use of the pestle 
round the sides of the mortar, as it would be 
easily broken by reiterated blows of the pestle. 

The bottom of mortars ought to be in the 
form of a hollow sphere, and their sides should 
have such a degree of inclination as to make 
the substances they contain fall back to the 
bottom when the pestle is lifted, but not so per- 
pendicular as to collect them too much togeth- 
er, otherwise too large a quantity would get be- 
low the pestle and prevent its operation. For 
this reason, likewise, too large a quantity of 
the substance to be powdered ought not to be 
put into the mortar at one time; and we must 
from time to time get rid of the particles al- 
ready reduced to powder, by means of sieves 
to be afterwards described. 

The most usual method of levigation is by 
means of a flat table ABCD (Plate 1, Fig. 7) of 
porphyry or other stone of similar hardness, 
upon which the substance to be reduced to pow- 
der is spread and is then bruised and rubb^ by 
a muller M of the same hard materials, the 
bottom of which is made a small portion of a 
large sphere; and, as the muller tends continu- 
ally to drive the substances towards the sides 
of the table, a thin flexible knife or spatula of 
iron, horn, wood, or ivory, is used for brining 
them back to the middle of the stone. 

In large works, this operation is perfcHmed 
by means of large* rollers of hard stone, which 
turn upon each other, either horizontally, in 
the way of corn-mills, or by one vertical roUet 
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tumifig upon a flat fitone. In the above opeiar 
i& often requisite to moisten the sub* 
stances a Mttle, to prevent the fine powder from 
flying off. 

Tli^re are many bodies which cannot be re« 
duced to powder by any of the foregoing meth*> 
ods; such are fibrous substances, as woods; 
such as are tough and elastic, as the horns of 
animals, elastic gum, &c., and the malleable 
n^tals which flatten under the pestle, instead 
of being reduced to powder. For inducing the 
woods to powder, rasps (Plate 1, Fig, S) are 
employed; files of a finer kind are used for horn, 
and still finer ( Plate 1 , Figs, 9 and 1 0) for metals . 

Someof themetals, though not brittleenough 
to powder under the pestle, are too soft to be 
filed, as they clog the file and prevent its opeiv 
ation. Zinc is one of these, but it may be pow* 
dered when hot in a heated iron mortar, or it 
may be rendered brittle, by alloying it with a 
small quantity of mercury. One or other of 
these methods is used by fire-work makers for 
producing a blue flame by means of zinc. Met- 
als may be reduced into grains, by pouring them 
when melted into water, which serves very well 
when they are not wanted in fine powder. 

Fruits, potatoes, &c., of a pulpy and fibrous 
nature may be reduced to pulp by means of the 
grater (Plate 1, Fig, 11), 

The choice of the Afferent substances of 
which these instruments are made is a matter 
of importance; brass or copper are unfit for 
operations upon substances to be used as food 
or in pharmacy; and marble or metallic instru- 
ments must not be used for acid substances; 
hence mortars of very hard wood, and those of 
porcelain^ granite, or glass, are of great utility 
in many operations. 

Section II Of Sifting and Washing Patvdered 

None of the mechanical operations employed 
reducing bodies to powder is capable of pro- 
dudng it of an equal degree of fineness through- 
out; powder obtained by the longest and 
most accurate kituration being still an assem^ 
blageof pmtieleB of various sizes. The coarser 
of these are removed, so as only to leave the 
finer and more homogeneous particles by means 
of sieves (Plate Figs* IM^ IS, 14, IS) of differ^ 
salt finenesses, a^pted to the particular pur- 
poses they m intended for; all the powdered 
toattm* which is Imger than the interstices of 
sieve reimdns b^ind and is again submit- 
Isidrto pestle, while the finer pass through. 
IHheieve {Fig, IS) is made of hair-dotb, or of 


silk gauto;’ and the one represented Fig, iS 
is of parchment pierhSd witis round holes of a 
proper size; this latter is employed in the man- 
ufacture of gun-powder. When very subtile or 
valuable materials are to be siftod, whioh are 
easily dispersed, or when this 'finer parts of the 
powdermay be hurtful, a compound sieve (Ft^. 
IS) is made use of, which consists of the rieve 
ABCD, with a lid £F, and receiver OH; these 
three parts are represented as pined toother 
for use (Fig, 14)> 

There is a method of procuring powders of 
an uniform fineness, considerably more acCur-> 
ate than the sieve; but it can only be used with 
such subntfeinces as are not acted upojh by wa- 
ter. The powdered substance is mixed and agi- 
tated with water, or other oonvenmt fluid; 
the liquor is allowed to settle for a mw mo- 
ments, and is then decanted off; the qoarsest 
powder remains at the bottom of the^essel, 
and the finer passes over with the liquid. By 
repeated decantations in this manner, various 
sediments are obtained of different degrees of 
fineness; the last sediment, or that which re- 
mains longest suspended in the liquor, being 
the finest. This proccjss may likewise be used 
with advantage for separating substances of 
different degrees of specific gravity, though of 
the same fineness; this last is chiefly employed 
in mining, for separating the heavier metallic 
ores from the lighter earthy matters with which 
they are mixed. 

In chemical laboratories, pans and jugs of 
glass or earthen ware are employed for tois op- 
eration; sometimes, for decanting the liquor 
without disturbing the sediment, the glass Si- 
phon ABCHI (Plate n. Fig, 11) is used, which 
may be supported by means of the perforated 
board DE, at the proper depth in the vessel 
F6, to draw off all the liquor required into the 
receiver LM. The principles and application of 
this useful instriunent are so well Imown as to 
need no explanation. 

Section III, Of Filtration 

A filtre is a species of very fine sieve, which 
is permeable to the partides of fluids, but 
through which the particles of the l^est ppwr 
dered solids aie incapable of passing; h^ce its 
use in separating fine powders from Sus]{)endon 
in fluids. In pbamaoy, very dose and fins 
woollen dotfas ato chiefly used for this opsra^ 
tion; these are commonly formed in a contod 
dmpe (Plate n, Fig, S), which has theadvalit-^ 
ageofuniringnUtbeHquoFwbichxteldnethio^ 
into a point A/wfaereiV may be readily collet 
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mateeul^l laboiatjoriea^ this String bag is Section IV Of DecMaiMn^ 


stretched upon^^b^wocH^ (Plate n. Fig. /), 

For the purposes of chemistry, as it is requi- 
site, to have the filtres perfectly Clean, unsised 
papesr is substituted instead of cloth or flannel; 
throui^ this substance, no solid body, however 
flndy it be powdered, can peneti^te, and fluids 
percolate through it with the greatest readiness. 
A$ paper breaks easily when wet, various meth- 
ods.of supporting it are used according to cir- 
cumstances. When a large quantity of fluid is 
to be filtrated, the paper is supported by the 
frame of wood (Plate ii, Fig. S) ABCD, having 
a piece of coarse doth stretched over it by 
means of iron hooks. This cloth misst be well 
cleaned each time it is used, or even new cloth 
must be employed, if there is reason to suspect 
its being impregnated with anything which can 
injure the subsequent operations. In ordinary 
operations, where moderate quantities of fluid 
are to be filtrated, different kinds of glass fun- 
nels are used for supporting the paper, as rep- 
resented Plate II, Figs. 5, 6^ and 7. When sev- 
eral flltrations must be carried on at once, the 
board orshelfAB, Fi 9 .P,supporteduponstanda 
C and D, and pierced with round holes, is very 
convenient for containing the funnels. 

Some liquors are so thick and clammy as 
not to be able to penetrate through paper with- 
out some previous preparation, such as clari- 
fication by means of white of eggs, which being 
mixed with the liquor, coagulates when brought 
to boil and, entangling the greater part of the 
im])urities of the liquor, rises with tiiem to the 
suriace in the state of scum. Spiritous liquors 
may be clarified in the same manner by means 
of isinglass dissolved in water, which coagu- 
lates by the action of the alcohol without the 
assistance of heat. 

As most of the acids are produced by distil- 
lation, and are consequently clear, we have 
rasely any occasion to filtrate them; but if, at 
any time, concentrated acids require this oper- 
ation, it is impossible to employ paper, which 
would be corroded and destroy^ by the acid. 
For this purpose, pounded ^aas, or rather 
quarts or rods^erystal, broken in pieces and 
grosriy powdered, answers very wdl; a few of 
the larger pieces are put in the neck of the fbn- 
lid; these aie covered witb^tbe smaller pieces, 
thefiner powder is placed over all, and the aeid 
ispoured on top. For the ordinary purposes of 
eodtety^ rrver-Waiter is frequently filtrated by 
mesaitaof etatn wadnKl sand, to separate its kxH 
pmftisB; 


This cperation is often eadMltituted instead 
of filtration for Berating solid particles which 
arediffused through liquors. These are allowed 
to settle in conic^ vessels, ABODE (Plate n, 
Fig. 10)^ the diffused matters gradually sub- 
side, and the clear fluid is gently poured off. If 
the sediment be extremdiy light, and apt to 
mix again with the fluid by the slightest mo- 
tion, the siphon (Ftg. 11) \& used, instead of de- 
cantation, for drawing off the clear fluid. 

In experiments where the weight of the pre- 
cipitate must be rigorously ascertained, decan- 
tation is preferable to filtration, providing the 
precipitate be several times washed in a con- 
siderable proportion of water. The weight of 
the precipitate may indeed be ascertain^, by 
carefully weighing the filtre before and after 
the operation; but, when the quantity of pre- 
cipitate is small, the different proportions of 
moisture retained by the paper, in a greater or 
lesser degree of exsiccation, may prove a ma- 
terial source of error which ought carefully to 
be guarded against. 

CHAPTER V 

Of Chemical Means for Separating the Particles 
of Bodies from Each Other Without Decompo- 
sition, and for Uniting them Again 

I HAVE already shown that there are two meth- 
ods of dividing the particles of bodies, the me* 
chamcal and chemical. The former only sepa- 
rates a solid mass into a great number of small- 
er masses; and for these purposes various spe- 
cies of forces are employed, according to cir- 
cumstances, such as the strength of man or of 
animals, the weight of water applied thmugh 
the means of hydraulic engines, the expanrive 
power of steam, the force of the wind, Ac. By 
ail these mechanical powers, we can nev^ re- 
duce substances into powder beyond a certsam 
degree of fineness; and the smallest particle 
produced in this way, though it seems very 
nute to our organs, is stilt in fact a mountain 
when compared with the ultimate elementary 
particles of the pulverized substance. 

The chemical agents, on the contrary, divide 
bodies into their primitive particles. If, for ist* 
stance, a neutral salt be actkl upon by Aesb, it 
is divided as far as is possible without eeasiiil^ 
to be a neutral salt. In this dmpter, X mean to 
give examples of this kind ol division of bodiee^ 
to whidi I shall add some aeoimtof the rda- 
tiveoperations.* ^ 
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Sbction 1 Of the Solution of Salte 

In chemical language, the terms of Bolvtion 
and dissolution have long been confounded and 
have very improperly beenindiscriminatelyem- 
ployed for expressing both the division of the 
particles of a salt in a fluid, such as water, and 
the division of a metal in an acid. A few reflec- 
tions upon the effects of these two operations 
will suffice to show that they ought not to be 
confounded together. In the solution of salts, 
the saline particles are only separated from each 
other, whilst neither the salt nor the water are 
at all decomposed; we are able to recover both 
the one and the other in the same quantity as 
before the operation. The same thing takes 
place in the solution of resins in alcohol. Dur- 
ing metallic dissolutions, on the contrary, a de- 
composition, either of the acid or of the water 
which dilut^ it, always takes place; the metal 
combines with oxygen and is changed into an 
oxide, and a gaseous substance is ffisengaged; 
BO that in reality none of the substances employ- 
ed remain, after the operation, in the same 
state they were in before. This article is entire- 
ly confined to the consideration of solution. 

To understand properly what takes place 
during the solution of salts, it is necessary to 
know that, in most of these operations, two 
distinct effects are complicated together, viz., 
solution by water, and solution by caloric ; and, 
as the explanation of most of the phenomena 
of solution depends upon the distinction of 
these two circumstances, I shall enlarge a little 
upon their nature. 

Nitrate of potash, usually called nitre or salt- 
petre, contains very little water of crystalliza- 
tion, perhaps evennoneatall;yet this salt lique- 
fies in a degree of heat very little superior to 
that of boiling water. This liquefaction cannot 
therefore be produced by means of the water of 
crystallization, but in consequence of the salt 
being very fusible in its nature, and from its 
passing from the solid to the liquid state of ag- 
gregation when but a little raised above the 
temperature of boiling water. All salts are in 
this manner susceptible of being liquefied by 
caloric, but in higher or lower degrees of tem- 
perature. Some of these, as the acetites of pot- 
ash and soda, liquefy with a very moderate 
heat, whilst others, as sulphate of potash, lime, 
require the strongest fires we are capable 
of producing. This liquefaction of salts by ca- 
loric produces aneactly the same phenomena 
wi^i the mditilag'lbf ice; it is accomplished in 
each salt by a determinate degree of heat. 


which remains invariaUy the same during the 
whole time of the liquefaction. Caloric is em- 
ployed and becomes fixed during the melting 
of the salt, and is, on the contrary, disengaged 
when the salt coagulates. These are general 
phenomena which universally occur daring the 
passage of every species of substance from the 
solid to the fluid state of aggregation, and from 
fluid to solid. 

These phenomena arising from solution by 
caloric are always less or more conjoined with 
those which take place during solutions in wa- 
ter. We cannot pour water upon a salt, on pur- 
pose to dissolve it, without employing a com- 
pound sdT^nt, both water and caloric; hence 
we may distinguish several differentlcases of 
solution, according to the nature and mode of 
existence of each salt. If for instance, a salt be 
with difficulty soluble in water, and reqdily so 
by caloric, it evidently follows that this salt 
will be with difficulty soluble in cold water, 
and considerably in hot water; such is nitrate 
of potash, and more especially oxygenated mu- 
riate of potash. If another salt be little soluble 
both in water and caloric, the difference of its 
solubility in cold and warm water will be very 
inconsiderable; sulphate of lime is of this kind. 
From these considerations, it follows that .there 
is a necessary relation between the following 
circumstances; the solubility of a salt in cold 
water, its solubility in boiling water, and the 
degree of temperature at which the same salt 
liquefies by caloric, unassisted by water; and 
that the difference of solubility in hot and cold 
water is so much greater in proportion to its 
ready solution in caloric, or in proportion to its 
susceptibility of liquefying in a low degree of 
temperature. 

The above is a general view of solution; but, 
for want of particular facts and sufficiently ex- 
act experiments, it is still nothing more than 
an approximation towards a particular theory. 
The means of completing this part of chemical 
science is extremely simple; we have only to as- 
certain how much of each salt is dissolved by a 
certain quantity of water at different degrees 
of temperature; and as, by the experiments 
published by M. de Laplace and me, the quan- 
tity of caloric contained in a pound of water at 
ea^ degree of the thermometer is accurately 
known, it will be very easy to determine, by 
simple experiments, the proportion of water 
and caloric required for solution by each ealt, 
what quantity of caloric is absorbed by each at 
the moment of liquefaction, and how much is 
disengaged at the moment of crystallization. 
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Henee the reason why salts are more rapidly 
soluble in hot than in cold water is perfectly 
evident. In all solutions of salts caloric is em- 
ployed; when that is furnished intermediately 
from the surrounding bodies, it can only arrive 
slowly to the salt; whereas this is greatly accel- 
erated when the requisite caloric exists ready 
combined with thewater of solution. 

In general, the specific gravity of water is 
augmented by holding salts in solution: but 
there are some exceptions to the rule. Some 
time hence, the quantities of radical, of oxygen, 
and of base, which constitute each neutral salt, 
the quantity of water and caloric necessary for 
solution, the increased specific gravity com- 
municated to water, and the figure of the ele- 
mentary particles of the crystals, will all be ac- 
curately known. From these all the circum- 
stances and phenomena of crystallization will 
be explained, and by these means this part of 
chemistry will be completed. M. Seguin has 
formed the plan of a thorough investigation of 
this kind, which he is extremely capable of 
executing. 

The solution of salts in water requires no 
particular apparatus; small glass phials of dif- 
ferent sizes (Plate ii, Figs, 16 and 17), pans of 
earthern wkre A {Figs, 1 and S), long-necked 
matrasses (Fig, 14)t and pans or basins of cop- 
per or of silver (Figs, 18 and 15) answer very 
well for these operations. 

Section II Of Lidviaiion 

This is an operation used in chemistry and 
manufactures for separating substances which 
are soluble in water from such as are insoluble. 
The large vat or tub (Plate ii, Fig, 12), having 
a hole D near its bottom containing a wooden 
spiget and faucet or metallic stop-cock DE, is 
generally used for this purpose. A thin stratum 
of straw is placed at the bottom of the tub: 
over this, the substance to be lixiviated is laid 
and covered by a cloth, then hot or cold water, 
according to the degree of solubility of the sa- 
line matter, is poured on. When the water is 
supposed to have dissolved all the saline parts, 
it is let off by the stop-cock; and, as some of 
the water charged with salt necessarily adheres 
to the straw and insoluble matters, several fresh 
quantities of water are poured on. The straw 
serves to secure a proper passage for the water, 
and may be ccmpared to the straws or glass rods 
usedinffltrating to keep the paperfrom touching 
the sides of the funnel. The cloth which is laid 
over**the matters under lixiviation prevents the 
water from making a hoQow in these substances 


where it is poured on, through which it might 
escape without acting upon the whole mass. 

This operation is less or more imitated in 
chemical experiments; but as in these, espe- 
cially with anal 3 dioal views, greater exactness is 
required, particular precautions must be em- 
ployed, so as not to leave any saline or soluble 
part in the residuum. More water must be em- 
ployed than in ordinary lixiviations, and the 
substances ought to be previously stirred up in 
the water before the clear liquor is drawn off, 
otherwise the whole mass might not be equally 
lixiviated, and some parts might even escape 
altogether from the action of the water. We 
must likewise employ fresh portions of water 
in considerable quantity, until it comes off en- 
tirely free from salt, which we may ascertain 
by means of the hydrometer formerly described. 

In experiments with small quantities, this 
operation is conveniently performed in jugs or 
matrasses of glass, and by filtrating the liquor 
through paper in a glass funnel. When the sub- 
stance is in larger quantity, it may be lixivi- 
ated in a kettle of boiling water, and filtrated 
through paper supported by cloth in the wood- 
en frame (Plate ii. Figs, 8 and 4) I £i<nd in opera- 
tions in the large way, the tub already men- 
tioned must be used. 

Section III Of Evaporation 

This operation is used for separating two 
substances from each other, of which one at 
least must be fluid, and whose degrees of vola- 
tility are considerably different. By this means 
we obtain a salt, which has been dissolved in 
water, in its concrete form; the water, by heat- 
ing, becomes combined with caloric, which ren- 
ders it volatile, while the particles of the salt 
being brought nearer to each other, and within 
the sphere of their mutual attraction, unite 
into the solid state. 

As it was long thought that the air had great 
influence upon &e quantity of fluid evaporated, 
it will be proper to point out the errors which 
this opinion has produced. There certainly is a 
constant slow evaporation from fluids exposed 
to the free air; and, though this spedes oi evap- 
oration may considered in some degree as a 
solution in air, yet caloric has considerable in- 
fluence in produdng it, as is evident from the 
refrigeration which always accompanies this 
process; hence we may consider this gradual 
evaporation as a compound solution made part- 
ly in air and partly in caloric. But the eva^ra- 
tion which takes place from a fluid kept bon^ 
tinually boiling, is quite different in its nature, 
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and in it tiie evaporation produced by theaor 
tion of tiie air is exeeedin^y inconsid^able in 
comparison with that which is occasioned by 
caloric. Thk latter Species may be termed 
pomtdum rather than emporofton. This proe-* 
ess is not accelerated in proportion to the ex- 
of evaporating surface, but m proportion 
to the quantities of caloric which combine with 
the fluid. Too free a current of cold air is often 
hurtful to this process, as it tends to carry off 
caloric from the water and consequently re- 
tards its Conversion into vapour. Hence there 
is no inconvenience produced by covering, in a 
certain degree, the vessels in which liquids are 
evaporated by continual boiling, provided the 
covering body be of such a nature as does not 
strongly draw off the caloric, or, to use an ex- 
pression of Dr. Franklin’s, provided it be a bad 
conductor of heat. In this case, the vapours es- 
cape through such opening as isleft, and at least 
as much is evaporated, frequently more than 
when free access is allowed to the external air. 

As during evaporation the fluid carried off 
by caloric is entirely lost, being sacrificed for 
the sake of the fixed substances with which it 
was combined, this process is only employed 
where the fluid is of small value, as water, for 
instance. But, when the fluid is of more conse- 
quence, we have recourse to distillation, in 
which process we preserve both the fixed sub- 
stance and the volatile fluid. The vessels em- 
ployed for evaporation are basins or pans of 
copper, silver, or lead (Plate n, Figs. 13 sud 15)^ 
or capsules of glass, porcelain, or stone ware 
(Plate u, A, Figi, 1 and 2\ Plate iii, Sand 
4). The i^st utensils for t^s purpose are made 
of the bottoms of glass r^rts and matrasses, 
as their equal thinness renders them more fit 
than any other kind of glass vessel for bearing 
a brisk fire and sudden alterations of heat and 
cold without breaking. 

As the method of cutting these glass vessels 
is nowhere described in books, I riiall here give 
a d^ription of it, that they may be made by 
chanists for themselves out of spoiled retorts, 
matrasses, and recipients, at a much cheaper 
rate than any which can be procured from^ss 
manufacturers. The instrument (Plate ni^ Fig. 
consisting of an iron ring AC, fixed to tim 
AB, havinga wooden handlsD, is employed 
as follows: Make the ring red hot in the fire, 
and put it upon the matrass Q (Ftp. ^), which 
is to be cut : when the glass is sufficiently beat- 
ediiito^ow on a little cold water, and it will gexH 
kieak exactly at tiie circular line heated 
bf tbeiiing* 


Small flasks or i^naboftomi^bw 
ing good vessels for evaporatingsmallquantities 
of fluid: they are very dbeap,fl^ stand the fire 
remarkably. One or i more of these may, be 
placed upon a second grate above the furnace 
(Plate III, Fig, 3), where they wffl only experi- 
ence a gentle heat. By this means a ^eat num- 
ber of experiments may be carried on at one 
time. A glass retort, placed in a sand-bath, and 
covered with a dome of baked earth (Plate in, 
Fig, i), answers pretty well for evaporations; 
but in this way it is always considerably slow+ 
er, and is even liable to accidents; as the sand 
heats unequally, and the glass cannot dilate in 
the same tmequal manner, the retort is very 
liable to break. Sometimes the sand mrves ex- 
actly the office of the iron ring formerly men-^ 
tioned ; for, if a single drop of vapour, condensed 
into liquid, happens to fall upon the\ heated 
part of the vessel, it breaks circularly ht that 
place. When a very intense fire is necessary, 
earthen crucibles may be used; but we gener- 
ally use the word evaporation to express what 
is produced by the temperature of boiling wa- 
ter or not much higher. 

Section IV Of Crystallization 

In this process the integrant parts of a solid 
body, separated from each other by the inter* 
vention of a fluid, are made to exert the mutual 
attraction of aggregation, so as to coalesce and 
reproduce a solid mass. When the particles of 
a body are only separated by caloric, and the 
substance is thereby retained in the liquid state, 
all that is necessary for making it crystallize is 
to remove a part of the caloric which is lodged 
between its particles, or, in other words, to cool 
it. If this refrigeration be slow, and the Itody be 
at the same time Left at rest, its particles as- 
sume a regular arrangement, and crystalliza- 
tion, properly so called, takes place; but, if the 
refrigeration is made rapidly, or if the liquor 
be agitated at the moment of its passage to 'the 
concrete state, the crystidlization is irregular 
and confused. 

The same phenom^ occur with watm'y so- 
lutions, or rathm* in those made partly in water 
and partly by calorie. So long as there remains 
a sufficiency of water and caloric to ke^ the 
particles of the body asunder beyond thespbere 
of their mutual attraction, the salt mmaias in 
the fluid state; but, whmiever tither calorie or 
water is not present in sufficient quantity^ and 
the atteacti<m of tiie particles tor each other 
baecnnes superior to the power which keeps 
them asun^i (he saK its oonersto 
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{<]fia, and the crystajhi produeed m the more 
regntar in propc^ion os the evApomtion h&s 
been slower and more tranquilly performed. 

All the phenomena we formerly mentioned 
as itaking place during the solution of salts, oc- 
cur in a contrary sense during their crystalliza- 
tion. Caloric is disengaged at the instant of 
their assuming the solid state, which furnishes 
an additional proof of salt being held in solu- 
tion by the compound action of water and ca- 
loric. Hence, to cause salts to crystallize which 
readily liquefy by means of calorie, it is not 
sufficient to carry off the water which held 
them in solution, but the calqric united to them 
must likewise be removed. Nitrate of potash, 
oxygenated muriate of potash, alum, sulphate 
of soda, &c., are examples of this circumstance, 
as, to make these salts crystallize, refrigeration 
must be added to evaporation. Such salts, on 
the contrary, as require little caloric for being 
kept in solution, and which, from that circum- 
stance, are nearly equally soluble in cold and 
warm water, are crystallizable by simply car- 
rying off the water which holds them in solu- 
tion, and even recover their solid state in boil- 
ing water; such are sulphate of lime, muriate 
of potash and of soda, and several others. 

The art of refining saltpetre depends u{)on 
these properties of salts, and upon their differ- 
ent degrees of solubility in hot and cold water. 
This salt, as produced in the manufactories by 
the first operation, is composed of many differ- 
ent salts: some are deliquescent and not sus- 
ceptible of being crystallized, such as the nitrate 
and muriate of lime; others are almost equally 
soluble in hot and cold water, as the muriates 
of potash and of soda ; and, lastly, the saltpetre, 
or nitrate of potash, is greatly more soluble in 
hot than it is in cold water. The operation is 
begun by pouring upon this mixture of salts as 
much water as will hold even tiie least soluble, 
the muriates of soda and of potash, in solution: 
so long as it is hot, this quantity readily dis- 
solves all the saltpetre, but, upon cooling, tiie 
greater part of this s^t crystallizes, leaving 
about a sixths part remaining dissolved, and 
mixed with tibe nitrate of lime and the two mur 
nates. The nitre obtmed by this pmoess is 
still, somewhat iminregnated with o&w salts, 
because it has been crystallized from water in 
which these abound, it is completely purified 
from these by a second solution in asz^ quan- 
tHy of boiling .water, and second crystallization. 
The^ptaiforreinajnii^afterthese^ 
of <mtre isrstill loaded with a isixtuie of saltr 
petey and other salts; by further evajpoiation, 


crude saltpetre, or rou^-petre, as the work* 
men call it, Is procuted from it, and this is pur- 
ified by two fresh solutions and crystallizations. 

The deliquescent earthy salts which do not 
contain the nitric acid are rejected in this man- 
ufacture; but those which consist of that acid 
neutralized by an earthy base are dissolved in 
water, the earth is precipitated by means of 
potash, and allowed to subside; the clear liquor 
is then decanted, evaporated, and allowed to 
crystallize. The above management for refin- 
ing saltpetre may serve as a general rule for 
separating salts from each other which happen 
to be mixed together. The nature of each must 
be considered, the proportion in which each 
dissolves in given quantities of water, and the 
different solubility of ejich in hot and cold wa- 
ter. If to these we add the property which some 
salts possess, of being soluble in alcohol, or in a 
mixture of alcohol and water, we have many 
resources for sepaniting salts from each other 
by means of crystallization, though it roust be 
allowed that it is extremely difficult to render 
this separation perfectly complete. 

The vessels used for crystallization are pans 
of earthen ware A (Plate ii. Figs, 1 and 2) and 
large flat dishes (Plate ni, Fig, 7). When a sa- 
line solution is to be exposed to a slow evapora- 
tion in the heat of the atmosphere, with free 
access of air, vessels of some depth (Plate tii, 
Fig. 3) must be employed, that there may be a 
considerable body of liquid; by this means tije 
crystals produced are of considerable size, and 
remarkably regular in their figure. 

Every species of salt crystallizes in a peculiar 
form, and even each salt varies in the form of 
its crystals according to circumstances, which 
take place during crystallization. We must not 
from thence conclude that the saline particles 
of each species are indeterminate in their fig- 
ures. The primitive particles of all bodies, es- 
pecially of salts, are perfectly constant in their 
specific forms; but the crystals which form m 
our experiments are composed of congeries of 
minute particles, which, thou^ perfectiy equal 
in size and shape, may assume very disaimiiar 
arrangements and consequently produce a vaM 
variety of regular forms, which have not fkt 
small^t apparent resemblance to each ottor 
nor to the original crystal. This subjecst bos 
been v^y ably treated by the Ahh6 
seyeral Af^moires presented to the Academy 
and in his work upon the structure of crystalsL 
It is only necessary to extend gen^aliy to the 
class of salts the principles he has parihndarly 
ap(dfod to some crystallized stones. . ^ 
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SbctiomV Of Simj^ Diatilkttian 

Ab distillation has two distinct objects to ac- 
complish, it is divisible into simple and com- 
pound; and, in this section, I mean to confine 
m3n3elf entirely to the former. When two bodies, 
of which one is more volatile than the other, or 
has more affinity to caloric, are submitted to 
distillation, our intention is to separate them 
from each other. The more volatile substance 
assumes the form of gas, and is afterwards con- 
densed by refrigeration in proper vessels. In 
this case distillation, like evaporation, becomes 
a species of mechanical operation, which sep- 
arates two substances from each other without 
decomposing or altering the nature of either. 
In evaporation, our only object is to preserve 
the fixed body, without paying any regard to 
the volatile matter; whereas, in distillation, 
our principal attention is generally paid to the 
volatile substance, unless when we intend to 
preserve both the one and the other. Hence, 
simple distillation is nothing more than evap- 
oration produced in close vessels. 

The most simple distilling vessel is a species 
of bottle or matrass A (Plate 5), which 

has been bent from its original form BC to BD, 
and which is then called a retort; when used, it 
is placed either in a reverberatory furnace 
(Plate XIII, Fig, B) or in a sand bath under a 
dome of baked earth (Plate in. Fig, f). To re- 
ceive and condense the products, we adapt a 
recipient E (Plate in. Fig, 0), which is lut^ to 
the retort. Sometimes, more especially in phar-^ 
maceutical operations, the glass or stone ware 
cucurbit. A, with its capital B (Plate in, Fig, 
IB) OT the glass alembic and capital (Fig, 13) 
of one piece, is ^ployed. This latter is man- 
aged by means of a tubulated opening T, fitted 
with a ground stopper of crystal; the capital, 
both of the cucurbit and alembic, has a furrow 
or trench, rr, intended for conveying the con- 
densed liquor into the beak RS by which it 
runs out. As, in almost all distillations, expan- 
sive vapours are produced, which might burst 
the vee^db employed, we are under the neces- 
sity of having a small hole T (Fig, 9) in the 
bdlloon or recipient, through which these may 
find vent; hence, in this way of distilling, all 
the products which are permanently aeriform 
are enlarely lost, and even such as with diffi- 
culty lose that state have not sufficient space to 
condense in the balloon. This apparatus is not, 
therefore, proper for experiments of investiga- 
tion^ and can only be admitted in tiie ordinary 
operations of the laboratoiy or in pharmacy. 


In the article appropriated for compound dis- 
tillation, I shall explain the various methods 
which have been contrived for preserving the 
whole products from bodies in this process. 

As glass or earthen vessels are very brittle, 
and do not readily bear sudden alterations of 
heat and cold, every well regulated laboratory 
ought to have one or more alembics of metal 
for distilling water, spiritous liquors, essential 
oils, Ac. This apparatus consists of a cucurbit 
and capital of tinned copper or brass (Plate iii. 
Figs, 15 and 16)f which, when judged proper, 
may be placed in the water bath D (Fig, 17), 
In distillations, especially of spiritou^ liquors, 
the capital must be furnished with a mfrigera- 
tory, SS (Fig, 16), kept continually fined with 
cold water; when the water becomes h^ted, it 
is let off by the stop-cock, R, and renewW with 
a fresh supply of cold water. As the fiiud dis- 
tilled is converted into gas by means of Caloric 
furnished by the fire of the furnace, it is evi- 
dent that it could not condense, and, conse- 
quently, that no distillation, properly speak- 
ing, could take place, unless it is made to de- 
posit in the capital all the caloric it received in 
the cucurbit; with this view, the sides of the 
capital must always be preserved at a lower 
temperature than is necessary for keeping the 
distilling substance in the state of gas, and the 
water in the refrigeratory is intended for this 
purpose. Water is converted into gas by the 
temperature of 80® (212®), alcohol by 67® 
(182.75®), ether by 32® (104®) : hence these sub- 
stances cannot be distilled, or, rather, they will 
fly off in the state of gas, unless the tempera- 
ture of the refrigeratory be kept under these 
respective degrees. 

In the distillation of spiritous and other ex- 
pansive liquors the above described refrigera- 
tory is not sufficient for condensing all the 
vapours which arise; in this case, therefore, in- 
st^d of receiving the distilled liquor immed- 
iately from the beak, TU, of the capital into a 
recipient, a worm is interposed between them. 
This instrument is represented Plate iii. Fig, 
18, contained in a worm tub of tinned copper; 
it consists of a metallic tube bent into a con- 
siderable number of spiral revolutions. The 
vessel which contains tihe worm is kept full of 
cold water, which is renewed as it grows warm. 
This contrivance is employed in all distilleries 
of spirits, without the intervention of a capital 
and refrigeratory, properly so called. The one 
represented in the plate is furnished with two 
worais, one of thembeing particularly appropri- 
ated to distillations of odoriferous substances. 
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In some simple distiUations it is necessary 
to interpose an adopter between the retort 
and receiver, as shown (Plate iii, Fig, 11). This 
may serve two different purposes, either to 
separate two products of different degrees of 
volatility, or to remove the receiver to a 
greater distance from the furnace, that it may 
be less heated. But these, and several other 
more complicated instruments of ancient con- 
trivance, are far from producing the accuracy 
requisite in modern chemistry, as will be 
readily perceived when I come to treat of 
compound distillation. 

Section VI Of SMimalion 

This term is applied to the distillation of sul> 
stances which condense in a concrete or solid 
form, such as the sublimation of sulphur, and 
of muriate of ammonia, or sal ammonia. These 
operations may be conveniently performed in 
the ordinary distilling vessels already described , 
though, in the sublimation of sulphur, a species 
of vessels, named alludeh, have been usually 
employed. These are vessels of stone or porce- 
lain ware, which adjust to each other over a 
cucurbit containing ^e sulphur to be sublimed. 
One of the best subliming vessels, for substances 
which are not very volatile, is a flask, or phial 
of glass, sunk about two thirds into a sand 
bath; but in this way we are apt to lose a part 
of the products. When these are wished to be 
entirely preserved, we must have recourse to 
the pneumato-chemical distilling apparatus, 
to be described in the following chapter. 

CHAPTER VI 

Of Pmumtdo-ckemical Diatillaticma, Metallic 
DieeoMions, and Some Other Operations 
Which Require Very Complicated Instruments 

Section I Of Compound and PneumakH^iemi- 
cal DistiUations 

In the preceding chapter, I have only treated 
of distillation as a simple operation, by which 
two substances, differing in degrees of volatil- 
ity, may be separated from each other; but dis- 
tillation often actually decomposes the sub- 
stances submitted to its action and becomes 
one of the most complicated operations in 
chemistry. In every distillation, the substance 
distilled must be brought to the state of gas in 
the cucurbit or retort, by combination with ca- 
loric. In shnple distiUation, this calorio is given 


out in the refrigeratory or in the worm, and 
the substance again recovers its liquid or solid 
form, but the substances submitted to com- 
pound distillation are absolutely decompound- 
ed; one part, as for instance the charcoal they 
contain, remains fixed in the retort, and all the 
rest of the elements are reduced to gases of dif- 
ferent kinds. Some of these are susceptible of 
being condensed and of recovering their solid 
or liquid forms, whilst others are permanently 
aeriform; one part of these are absorbable by 
water, some by the alkalies, and others are not 
susceptible of being absorbed at all. An ordi- 
nary distilling apparatus, such as has been de- 
scribed in the preceding chapter, is quite insuf- 
ficient for retaining or for separating these di- 
versified products, and we are obliged to have 
recourse, for this purpose, to methods of a more 
complicated nature. 

The apparatus I am about to describe is cal- 
culated for the most complicated distillations, 
and may be simplified according to circum- 
stances. It consists of a tubulated glass retort 
A (Plate IV, Fig, J), having its beak fitted to a 
tubulated balloon or recipient BC; to the up- 
per orifice D of the balloon a bent tube DEfg 
is adjusted, which, at its other extremity p, is 
plunged into the liquor contained in the bottle 
L, with three necks xxx. Three other similar 
bottles are connected with this first one, by 
means of three similar bent tubes disposed in 
the same manner; and the farthest neck of the 
last bottle is connected with a jar in a pneu- 
mato-chemical apparatus, by means of a bent 
tube. A determinate weight of distilled water 
is usually put into the first bottle, and the other 
three have each a solution of caustic potash in 
water. The weight of all these bottles, and of 
the water and alkaline solution they contain, 
must be accurately ascertained. Every thing 
being thus disposed, the junctures between the 
retort and recipient, and of the tube D of the 
latter, must be luted with fat lute, covered 
over with slips of linen, spread with lime and 
white of egg; all the other junctures are to be 
secured by a lute made of wax and rosin melted 
together. 

When all these dispositions are completed) 
and when, by means of heat applied to the re- 
tort A, the substance it contains becomes de- 
composed, it is evident that the least volatile 
products must condense or sublime in the beak 
or neck of the. retort itself, where most of the 
concrete substances will fix themselves. The 
more volatile substances, as the lighter oils, 
ammonia, and several otherSi wiU ocmdense in 
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the reeiiHent QG, whilst the gases, whic^ are 
tiot Bueoeptible of condensation by cold; will 
(m^by the tubes, and boil up throu^ tiie 
tidUora in the several bottles. Such as are 
absoibable by water will remain in the first 
bottte, and those which caustic alkali can 
absorb will remain in the others; whilst sUch 
gases as are not susceptible of absorption, 
either by water or alkalies, will escape by the 
tube RM, at the end of which they may be 
received into jars in a pneumato-chemical ap- 
paratus. The charcoal and fixed earth, &c. 
which form the substance or residuum, once 
called capiU mortuunit remain behind in the 
retort. 

In this manner of operating, we have always 
a very material proof of the accuracy of the 
analysis, as the whole weights of the products 
taken together, after the process is finished/ 
must be exactly equal to the weight of the orig- 
inal substance submitted to distillation. Hence, 
for instance, if we have operated upon oight 
ounces of starch or gum arabic, the weight of 
the charry residuum in the retort, together with 
that of all the products gathered in its neck 
and the balloon, and of all the gas received into 
the jars by the tube RM added to the addition- 
al weight acquired by the bottles, must, when 
taken together, be exactly eight ounces. If the 
product be less or more, it proceeds from error, 
and the experiment must be repeated until a 
satisfactory result be procured, which ought 
not to differ more than six or eight grains in the 
pound from the weight of the substance sub^ 
mitted to experiment. 

In experiments of this kind, I for a long time 
met with an almost insurmountable difiiculty, 
which must at last have obliged me to desist al- 
together but for a very simple method of avoid- 
ing it, pointed out to me by M. Hassenfratz. 
The smallest diminution in the heat of the f ur- 
mce, and many other circumstances insepar- 
able from this kind of experiments, cause fre- 
quent reabsorptions of gas; the water in the 
cistm of the pneumato-chemical apparatus 
rushes into ^ last bottle through the tube 
RM, the same circumstance happens from one 
bottle intoanother,and1^e fluid is often forced 
even intd the redi^ent C. This accident is pre- 
vented using' tottles having three necks, as 

repies^ted in the plate, into one of which, in 
eai^ bottle, a eapiUary glass-tube St, sf, 
is adapted) so as to have its lower extremity t 
in the liquor. If any absorption takes 
piaoe« dther in the retort or in any of the bot- 
HidBf a mdSi^nt quantity of eternal air enters, 


by means of these tubes, to^^fili up the void; 
and we get rid of the incbnVenience at the price 
of having a small mixture of common air 
the products of the experin^nt, which is there* 
by prevented from failing altogether. Though 
these tubes admit the external air, they danxiot 
permit any of the gaseous substances to escape, 
as they are always shut below by the water of 
the bottles. 

It is evident that, in the course of experi-^ 
ments with this apparatus, the liquor of the bot- 
tles must rise in these tubes in proportion to the 
pressure sustained by the gas or air contained 
in the bottles; and this pressure is determined 
by the height and gravity of the column of 
fluid contained in all the subsequent bottles. 
If we suppose that each bottle contaW three 
inches of fluid, and that there are three inches 
of water in the cistern of the connected ap- 
paratus above the oriflee of the tube RM, 
and allowing the gravity of the fluids* to be 
only equal to that of water, it follows that the 
air in the first bottle must sustain a pressure 
equal to twelve inches of water; the water must 
therefore rise twelve inches in the tube S, con- 
nected with the first bottle, nine inches in that 
belonging to the second, six inches in the third, 
and three in the last; wherefore these ;tubes 
must be made somewhat more than twelve, 
nine, six and three inches long respectively, al- 
lowance bdng made for oscillatory motions, 
which often t^e place in the liquids. It is some- 
times necessary to introduce a similar tube be- 
tween the retort and recipient; and, as the 
tube is not immersed in fluid at its lower ex- 
tremity until some has collected in the prog- 
ress of the distillation, its upper end must be 
shut at first with a little lute, so as to be opened 
according to necessity or after there is suffici- 
ent liquid in the recipient to secure its lower 
extremity. 

This apparatus cannot be used in veiy accu- 
rate experiments, when the substances intend- 
ed to be operated upon have a very rapid ac- 
tion upon each other or when one of them can 
(mly be introduced in small successive portions) 
as in such as produce violent effervescence when 
mixed toge^r. In such cases, vm eniploy a 
tubulated reftoit A (Plate vii. Pig, |), into 
which one of the substances is introdnoedviiifis^ 
f(»rring always the solid body, if any such is to 
be treated; we then liite to the opening of the 
retort a heat tube BCDA, terminating at its 
upper extremity B in a funnel; and at its 
end Ain acapilbiy opening* The fluid material 
of tbe ex{i«iiiDzeniis poinsd inte retbrlby 
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such a length, from B to C, that the column of 
liquid , introduced may counterbalance tiie re- 
sistance t>rQduoed by the liquors contained in 
all the bottles (Plate iv, Fig. 1 ). 

Those who have not Id^u accustomed to use 
the above described distilling apparatus may 
perhaps be startled at the great number of 
openings which require luting, and the time 
necessary for making all the previous prepara- 
tions in experiments of this kind. It is very 
true that, if we take into account all the neces- 
sary wei^ings of materials and products, both 
before and after the experiments, these pre- 
paratory and succeeding steps require much 
more time and attention than the experiment 
itself. But, when the experiment succeeds prop- 
erly, we are well rewarded for all the time and 
trouble bestowed, as by one process carried on 
in this accurate manner much more just and 
extensive knowledge is acquired of the nature 
of the vegetable or animal substance thus sub- 
mitted to investigation than by many weeks 
assiduous labour in the ordinary method of 
proceeding. 

When in want of bottles with three orifices, 
those with two may be used; it is even possible 
to introduce all the three tubes at one opening, 
so as to employ ordinary wide-mouthed bot- 
tles, provided the opening be sufficiently large. 
In this case we must carefully fit the bottles 
with corks very accurately cut and boiled in a 
mixture of oil, wax, and turpentine. These 
corks are pierced with the necessary holes for 
receiving the tubes by means of a round file, 
as in Plate iv. Fig. 8 . 

Section II Of Metallic Dissolvjlions 

I have already pointed out the difference be- 
tween solution of salts in water and metallic 
dissolutions. The former requires no particular 
vessels, whereas the latter requires very com- 
plicated vessels of late invention, that we may 
not lose any of the products of the experiment, 
and may thereby procure truly conclusive re- 
sults of the phenomena which occur. The met- 
als, in general, dissolve In acids with efferves- 
cence, whidi is only a motion excited in the 
Wvent by the disengagement of a great niqn- 
ber of bubbles of air or aeriform fluid, which 
.proceed from thesurface of the metal and break 
at the surface of the liquid, 

Jd. Cavendish and Dr, Priestley were the 
first inventors of ai proper apparatus for (Kd- 
]eotihg:theae elastic fluids* TIuit of Dr, Priestr 


A (dilate viii Fig* B), with its qpik, %qugh 
which passes the bent glass tube BC, whi^ b 
engaged under a jar filled with water in the 
pneumato-chemical apparatus, or sim^dy in a 
basin full of water. The metal is first intn> 
duced into the bottle, the acid is then pomed 
over it, and the bottle is instantly closed with 
its coric and tube, as represented in the plate . B ut 
this apparatus has its inconveniences. When 
the acid is much concentrated, or the metal 
much divided, the effervescence begins before 
we have time to cork the bottle properly, and 
some gas escapes, by which we are prevented 
from ascertaining the quantity disengaged with 
rigorous exactness. In the next place, when we 
are obliged to employ heat, or when heat is 
produced by the process, a part of the acid dis- 
tills and mixes with the water of the pneuniato- 
chemical apparatus, by which means we are 
deceived in our calculation of the quantity of 
acid decomposed. Besides these, the water in 
the cistern of the apparatus absorbs all the gas 
produced which is susceptible of absorption 
and renders it impossible to collect these with- 
out loss. 

To remedy these inconveniences, I at first 
used a bottle with two necks (Plate vii, Fig. r5), 
into one of which the glass funnel BC is luted 
80 as to prevent any air escaping; a glass rod 
DE is fitted with emery to the funnel, so as to 
serve the purpose of a stopper. When it is used, 
the matter to be dissolved is first introduced 
into the bottle, and the acid is then permitted 
to pass in as slowly as we please, by raising the 
glass rod gently as often as is necessary until 
saturation is produced. 

Another method has been since employed, 
which serves the same purpose, and is prefer- 
able to the last described in some instances. 
This consists in adapting to one of the mouths 
of the bottle A (Plate vii, Fig. 4 ), a bent tube 
DEFG, having a capillary opening at D, and 
ending in a funnel at G. This tube is securely 
luted to the mouth C of the bottle. When any 
liquid is poured into the funnel, it falls down to 
F; and, if a sufficient quantity be added, it 
passes by tbe curvature E and falls slowly into 
the bottle, so long as fresh liquor is supplied Set 
the funnel. The liquor can never be forced out 
of the tube, and no gas can escape through it, 
because tixe weight of the liquid serves the pur- 
pose of an accurate cork. 

To prevent any distillation of acid, espe- 
cially in dimlutions accompanied ^th heat, 
this tube is adapted to the retort A (Plate vn, 
Fig., i), and a small tubulated recipient, M, 
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applied, ih which any liquor which may distill and connected bottle are made of considerablei 


IS condensed. On purpose to separate any gas 
that is absorbable by water, we add the double 
necked bottle L, half filled with a solution of 
caustic potash; the alkali absorbs any carbonic 
acid gas, and usually only one or two other gases 
pass into the jar of the connected pneumato- 
chemical apparatus through the tube NO. In 
the first chapter of this third part we have di- 
rected how these are to be separated and ex- 
amined. If one bottle of alkaline solution be 
not thought sufficient, two, three, or more, 
may be added. 

Section III ApparaJtm Necessary in Expert^ 

ments upon Vinous and Putrefactive Fermen- 
tations 

For these operations a peculiar apparatus, 
especially intended for this kind of experiment, 
is requisite. The one I am about to describe is 
finally adopted as the best calculated for the 
purpose, after numerous corrections and im- 
provements. It consists of a large matrass, A 
(Plate X, Fig, I), holding about twelve pints, 
with a cap of brass a 6, strongly cemented to 
its mouth, and into which is screwed a bent 
tube cdf furnished with a stop-cock e. To this 
tube is joined the glass recipient B, having 
three openings, one of which communicates 
with the bottle C placed below it. To the pos- 
terior opening of this recipient is fitted a glass 
tube ghif cemented at g and i to collets of 
brass, and intended to contain a very deliques- 
cent concrete neutral salt, such as nitrate or 
muriate of lime, acetite of potash, &c. This 
tube communicates with two bottles D and E, 
filled to X and y with a solution of caustic 
potash. 

All the parts of this machine are joined to- 
gether by accurate screws, and the touching 
parts have greased leather interposed, to pre- 
vent any passage of air. Each piece is likewise 
furnished with two stop-cocks, by which its 
two extremities may be closed, so riiat we can 
weigh each separately at any period of the op- 
eration. 

The fermentable matter, such as sugar, with 
a proper quantity of yeast and diluted with 
water, is put into the matrass. Sometimes, when 
the fermentation is too rapid, a considerable 
quantity of froth is produced, which not only 
fills the neck of the matrass, but passes into 
the recipient, and from thence runs down into 
the bottle C. On purpose to collect this scum 
and must, and to prevent it from reaching the 
tube filled with deliquescent salts, the recipient 


capacity. 

In the vinous fermentation, only carbonic 
acid gas is disenga^, carrying with it a small 
proportion of water in solution. A great part of 
this water is deposited in passing through the 
tube ghi^ which is filled with a deliquescent 
salt in gross powder, and the quantity is ascer- 
tained by the augmentation of the weight of 
the salt. The carbonic acid gas bubbles up 
through the alkaline solution in the bottle D, 
to which it is conveyed by the tube klm. Any 
small portion which may not be absorbed by 
this firsf Ijottle is secured by the solution in the 
second bottle E, so that nothing, in general, 
passes into the jar F, except the common air 
contained in the vessels at the commracement 
of the experiment. \ 

The same apparatus answers extremely well 
for experiments upon the putrefactive ((ermen- 
tation; but, in this case, a considerable quan- 
tity of hydrogen gas is disengaged through the 
tube qr 8 tUf by which it is conveyed into the 
jar F; and, as this disengagement is very rapid, 
especially in summer, the jar must be frequently 
changed. These putrefactive fermentations re- 
quire constant attendance from the above cir- 
cumstance, whereas the vinous fermentation 
hardly needs any. By means of this apparatus 
we can ascertain, with great precision, the 
weights of the substances submitted to fermen- 
tation, and of the liquid and aeriform products 
which are disengaged. What has been already 
said in Part I, Chapter XIII, upon the products 
of the vinous fermentation, may be consulted. 

Section IV Apparatus for (he Decomposition 

of Water 

Having already given an account, in the first 
part of this work, of the experiments relative 
to the decomposition of water, I shall avoid 
any unnecessary repetitions and only give a 
few summary observations upon the subject in 
this section. The principal substances which 
have the power of decomposing water are iron 
and charcoal; for which purpose, they require 
to be made red hot, otherwise the water is only 
reduced into vapours and condenses afterwards 
by refrigeration without sustaining the small- 
est alteration. In a red heat, on the contrary, 
iron or charcoal carry off the oxygen from its 
union with hydrogen; in the first case, black 
oxide of iron is pr^uced, and the hydrogen is 
disengaged pure in form of gas; in the other 
case, carbonic acid gas is formed, which disen- 
gages, mixed with the hydrogen gas ; and this 
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latter b commonly carbonated, or holds char- 
coal in solution. 

A musket barrel, without its breach pin, an- 
swers exceedingly well for the decomposition 
of water by means of iron, and one should be 
chosenofconsiderablelength and pretty strong. 
When too short, so as to run the risk of heating 
the lute too much, a tube of copper is to be 
strongly soldered toone end.Thebarrelisplaced 
in a long furnace CDEF (Plate vii. Fig, 11), 
so as to have a few degrees of inclination from 
E to F; a glass retort. A, b luted to the upper 
extremity E, which contains water and is placed 
upon the furnace WXX. The lower extremity 
F is luted to a worm SS, which is connected 
with the tubulated bottle H, in which any wa- 
ter distilled without decomposition, during the 
operation, collects, and the dbengaged gas is 
carried by the tube KK to jars in a pneumato- 
chemical apparatus. Instead of the retort, a fun- 
nel may be employed, having its lower part 
shut by a stop-cock, through which the water 
is allowed to drop gradually into the gun-bar- 
rel. Immediately upon getting into contact with 
the heated part of the iron, the water is con- 
verted into steam, and the experiment pro- 
ceeds in the same manner as if it were f urni^ed 
in vapours from the retort. 

In the experiment made by M. Meusnier 
and me before a committee of the Academy, we 
used every precaution to obtain the greatest 
possible precision in the result of our experi- 
ment, having even exhausted all the vessels 
employed before we began, so that the hydro- 
gen gas obtained might be free from any mix- 
ture of azotic gas. The results of that experi- 
ment will hereafter be given at large in a par- 
ticular Mimoire, 

In numerous experiments, we are obliged to 
use tubes of glass, porcelain, or copper, instead 
of gun-barrels; but glass has the disadvantage 
of being easily melted and flattened, if the heat 
be in the smallest degree raised too high; and 
porcelain is mostly full of small minute pores, 
through which the gas escapes, especially when 
compressed by a column of wato. For these 
reasons I procured a tube of brass, which M. 
de la Briche got cast and bored out of the solid 
for me at Strasburg, under his own inspection. 
This tube is extremely convenient for decom- 
posing alcohol, which resolves into charcoal, 
carbonic acid gas, and hydrogen gas; it may 
likewise be u^ with the same advantage 
for decomposing water by means of charcoal, 
and iba great number of mcperiments of this 
natme* 


CHAPTER VII 

Of fte C(m'po9iiJtion and Use of LvJten 

The necessity of properly securing the junc- 
tures of chemical vessels to prevent the escape 
of any of the products of experiments must be 
sufficiently apparent; for this purpose lutes are 
employed, which ou^t to be of such a nature 
as to be equally impenetrable to the most sub^ 
tile substances, as glass itself through which 
only caloric can escape. 

This first object of lutes is very well accom- 
plished by bees wax, melted with about an 
eighth part of turpentine. This lute is very eas- 
ily managed, sticks very closely to glass, and is 
very difficult to penetrate; it may be rendered 
more consistent, and less or more hard or pli- 
able, by adding different kinds of resinous mat- 
ters. Though this species of lute answers ex- 
tremely well for retaining gases and vapours, 
there are many chemical experiments which 
produce considerable heat, by which this lute 
becomes liquefied, and consequently the expan- 
sive vapours must very readily force through 
and escape. 

For such cases, the following fat lute is the 
best hitherto discovered, though not without 
its disadvantages, which shall be pointed out. 
Take very pure and dry unbaked clay reduced 
to a very fine powder ; put this into a brass mor- 
tar and beat it for several hours with a heavy 
iron pestle, dropping in slowly some boiled lin- 
seed oil; this is oil which has been oxygenated, 
and has acquired a drying quality by being 
boiled with litharge. This lute is more tena- 
cious, and applies better, if amber varnish be 
used instead of the above oil. To make this 
varnish, melt some yellow amber in an iron 
ladle, by which operation it loses a part of its 
succinic acid and essential oil, and mix it with 
linseed oil. Though the lute prepared with this 
varnish is better than that made with boiled 
oil, yet, as its additional expense is hardly 
compensated by its superior quality, it is sel- 
dom used. 

The above fat lute is capable of sustaining a 
very violent degree of heat, is impenetrable by 
aci^ and spiritous liquors, and adheres exceed- 
ingly well to metals, stone ware, or glass, pro- 
viding they have been previously rendered per- 
fectly dry. But if, unfortimately, any of the 
liquor in the course of an experiment gets 
through, either between the glass and the lute 
or between the layers of the lute itsdf , so as to 
moisten tiie part, it is extremely difficult to 
dose the opening. This is the chid inoonveni* 
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enoe which attendi of fait lute and per- 

haps the only one it is subject to. As it is apt to 
eoftm h^t, we must surround all the junc- 
tures witib slips, wet bladder applied over the 
luting and fixed on by pack-thread tied round 
both above and bebw the joint; the bladder^ 
and consequently the lute telow, must be far- 
th^ secur^ by a number of turns of pack- 
thread all over it. By these precautions, we are 
free from ev^ danger of accident; and the 
junctures secured in this manner may be con- 
sidered, in experiments, as hermetically sealed. 

It frequently happens that the figure of the 
junctures prevents the application of ligatures, 
which is the case with the three-necked bottles 
formerly described; and it even requires great 
address to apply the twine without shaking the 
apparatus: so that, where a number of junc- 
toes require luting, we are apt to displace sev- 
eral while securing one. In these eases, we may 
substitute slips of linen, spread with white of 
egg and lime mixed together, instead of the wet 
bladder. These are applied while still moist, 
and very speedily dry and acquire consider- 
able hardness. Strong glue dissolved in water 
may answer instead of white of egg. These fil- 
lets are usefully applied likewise over junctures 
luted together with wax and rosin. 

Before appl 3 dng a lute, all the junctures of 
the vessels must be accurately and firmly fitted 
to each other, so as not to admit of being moved . 
If the beak of a retort is to be luted to the neck 
of a recipient, they ought to fit pretty accurate- 
ly ; otherwise we must fix them, by introducing 
lE^ort pieces of soft wood or of cork, If the dis- 
propoiiion between the two be very consider- 
able, we must employ a cork which fits the 
nedk of the recipient, having a circular hole of 
proper dim^ions to admit the beak of the re- 
torts The same precaution is necessary in adapt- 
ing ben^ tubes to the necks of bottles in the ap- 
pai^atus represented Plate iv, Fig. 1, and others 
ot a49imilar nature. Each mouth of each bottle 
must be fitted with a cork, having a Iiole made 
with a round file of a proper size for containing 
the tuber' And, when one mouth is intended, to 
admit two or more tubes, which frequently 
happens when we have not a suffici^t num- 
ber of bottles with two or three necks, we must 
use a cork >witb two or three holes (Plate iv, 
Fig* 8). . 

. When the whole a]n>axatuB is thus solidly 
jouaed, so that no part can play upon another, 
webegiu to lute. The lute is soften^ by knead- 
roUing it betwe^ the fingm^ with the 
aasistoimofbeatifneo^^ into^ 
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tures, taking great care to mdceit appiy^<[$liQBe,^ 
and adhere firmly in every part; a second roll 
is applied oyer the first, sq as to pass it on each 
side, and so on till each juncture be sufficiently 
covered; after this,, the slips of bladder, or 
linen, as above directed, must be carefully ap^ 
plied over all. Though: this operation may! apr» 
pear extremely simple, yet it requires peculiar 
delicacy and management; great care must be 
taken not to disturb one juncture whilst luting 
another, and more especially when applying 
the fillets and ligatures. 

Before beginning any experiment, |he close- 
ness of the^luting ought always to be Previous- 
ly tried, either by slightly heating thqretort A 
(Plate Fig. J), or by blowing in a little air 
by some of the perpendicular tubes 5 i s s; the 
alteration of pressure causes a change in the 
level of the liquid in these tubes. If the appa- 
ratus be accurately luted, this alteration of 
level will be permanent; whereas, if there be 
the smallest opening in any of the junctures, 
the liquid will very soon recover its former lev- 
el It must always be remembered that the 
whole success of experiments in modern chem- 
istry depends upon the exactness of this oper- 
ation, which therefore requires the utmost pa-' 
tience and most attentive accuracy. 

It would be of infinite service to enable chem- 
ists, especially those who are engaged in pneu- 
matic processes, to dispense with the use of 
lutes, or at least to diminish the number neces- 
sary in complicated instruments. I once thought* 
of having my apparatus constructed so as to 
unite in all its parts by fitting with emery, in 
the way of bottles with crystal stoppers; but 
the execution of this plan was extremely diffir 
cult. I have since thought it preferable to sub- 
stitute columns of a few lines of mercury 
place of lutes, and have got an apparatus con- 
structed Upon this principle, which 
capable of very convenient application in a 
great number of j^cumstances. r . 

It oontistsof a double necked bottle A (?late 
XU, Fig. the interior neck be communi- 
cate with the inside of the bottle, and the exr 
terior neck or, rim ds leaves an interval between, 
the two necksr forming a deep gutter mtended 
to contain themercury. The cap or lid of 
B enters this gutter and is properly Stted to itj^ 
having notchesiniMn lower edge fc^ the passege 
of the tubes which convey the gas. ThesetubeSr 
instead of entering directly into the bottles as 
intheoidmary, apparatus, have a.double bend 
for making them enter the gutter, as.fffeaei 
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aented m and for foakaag them £t the 

nolches of tto cap B ; they rise again from the 
gutter to enter the inside of the bottle over the 
border Of the inner mouth. When the tubels are 
disposed in their proper places and the cap 
fir^y fitted on, the gutter is filled with mer^ 
eury,' by which means the bottle, is completely 
exelud^ from any communication, excepting 
through the tubes. This apparatus may be very 
eonvenient in many operations in which the 
substances emptoyed have no action upon 
mercury; Plate xu, Fig. 14t represents an ap^ 
paratus upon this principle properly fitted 
together. 

M. Seguin, to whose active and intelligent 
assistance I have been very freqimtly much 
indebted, has bespoken for me, at the glass- 
houses, some retorts hermetically united to 
their recipients, by which luting will be alto- 
gether unnecessary. 

CfiAPTER VIII 

Of Operations upon Combustion and Deflagror 

turn 

Section I Of Combustion in General 

Combustion, according to what has been al- 
ready said in the first part of this work, is the 
deocHXLposition of oxygen gas produced by a 
combustible body. The oxygen which forms 
the base of this gas is absorbed by and enters 
into combination with the burning body, while 
the caloric and light are set free. Every com- 
bustion, therefore, necessarily supposes oxy- 
genation; whereas, on the contrary, every oxy- 
genation does not necessarily imply ooncomi-r 
tant combustion; because combustion, prop- 
erly so called, cannot take place without dis- 
eng^ement of caloric and fight. Before com- 
bustion can take place, it is necessary that the 
base of oxygen gas should have g^ter affinity 
to the combustible body than it has to caloric; 
and‘ this elective attraction, to use Bergman’s 
expression^ can only take place at a certain de- 
gree of temperature^ which is different for each 
combustible substance; hence the necessity of 
givinga first motion or begpniung fo every com*^ 
bustion by the approach of a heated body; 
This necessity of heating any body we mean to 
Iwn depends upon certain contiderationsi 
which havenot hitherto beenattended to by wy 
natural philosoj^er, for which reason I shali 
ehlamia little upon the subjieet in this placOi 
. > Nainmsat present in a etate of eqiiMibriuin> 
whtob cannot, have been attained until eil. the 


spontaneous oondnistions or oxygenations poa* 
siUe in the ordinaiy d^ees oi tempmture 
had taken place. Hence, no new combustions 
or oxygenations can happen without destroy- 
ing this equilibrium and raising the combust- 
ible substances to a superior degree of temper- 
ature. To illustrate this abstract view of the 
matter by example: let us suppose the usual 
temperature of the earth a little changed, and 
that it is raised only to the degree of boiling 
water; it is evident that, in tffis case, phos- 
phorus, which is combustible in a considerably 
lower degree of temperature, would no longer 
exist in nature in its pure and simple state but 
would always be procured in its acid or oxy- 
g^iated state, and its radical would become one 
of, the substances unknown to chemistry. By 
gradually increasing the temperature of the 
earth the same circumstance would successive- 
ly happen to all the bodies capable of combus- 
tion; and, at last, every possible combustion 
having taken place, there would no longer ex- 
ist any combustible body whatever, as every 
substance susceptible of that operation would 
be oxygenated and consequently incombust- 
ible. 

There cannot therefore exist, so far as relates 
to us, any combustible body, except such as 
are incombustible in the ordinary temperatures 
of the earth; or, which is the same thing in 
other words, that it is essential to the nature of 
every combustible body not to possess tiie 
property of combustion, unless heat^, or raised 
to the degree of temperature at which its com- 
bustion naturally t^es place. When this de- 
gree is once produced, combustion commences, 
and the caloric which is disengaged by the de- 
composition of the oxygen gas keeps up the 
temperature necessary for continuing combus- 
tion. When this is not the case, that is, when 
the disengaged caloric is insuffici^t for keep- 
ing up the necessary temperature, the combus- 
tion ceases. This circumstance is expressed, in 
common language by saying that a body bums 
iU or withriifficulty. 

Although combustion possesses scmiecircmn-* 
stances jn common with distillation, especially 
with tbeopmpound kind of that operation^ thqy 
differ in a very material point. In distiUatkm 
there is a separation of one part of tbedemmitB 
of the substance from each other, anda oom- 
binatitm of these in a new order, oocasiohedby 
tile, affinities which take pkce in the itwxeased 
tomperatuie produced during dietiUation. This 
likewise happens in combustion, but witii this 
farther circumstance, that a new element, uot 
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originally in the body, is brou^t into action; 
oxygen is added to the substance submitted to 
the operation, and caloric is disengaged. 

The necessity of employing oxygen in the 
state of gas in all experiments with combustion, 
and the rigorous determination of the quanti* 
ties employed, render this kind of operations 
peculiarly troublesome. As almost all the prod- 
ucts of combustion are disengaged in the state 
of gas, it is still more difficult to retain them 
than even those furnished during compound 
distillation; hence this precaution was entirely 
neglected by the ancient chemists; and this set 
of experiments exclusively belong to modem 
chemistry. 

Having thus pointed out, in a general way, 
the objects to be had in view in experiments 
upon combustion, I proceed, in the following 
^sections of this chapter, to describe the differ- 
ent instruments 1 have used with this view. 
The following arrangement is formed, not upon 
the nature of the combustible bodies, but upon 
that of the instruments necessary for combus- 
tion. 

Section II Of the Combustion of Phosphorus 

In these combustions we begin by filling a 
jar, capable at least of holding six pints, with 
oxygen gas in the water apparatus (Plate v. 
Fig. 1); when it is perfectly full, so that the gas 
begins to flow out below, the jar. A, is carried 
to the mercury apparatus (Plate iv. Fig. S). 
We then dry the surface of the mercury, both 
within and without the jar, by means of blot- 
ting-paper, taking care to keep the paper for 
some time entirely immersed in the mercury 
before it is introduced under the jar, lest we let 
in any common air, which stic^ very obsti- 
nately to the surface of the paper. The body to 
be submitted to combustion, being first very 
accurately weighed in nice scales, is placed in 
a small flat shallow dish, D, of iron or porce- 
lain; this is covered by the larger cup P, which 
serves the office of a diving bell, andthe whole 
is passed throu^ the mercury into the jar, 
after which the larger cup is retired. The diffi- 
culty of passing the materials of combustion in 
this manner tiurough the mercury may be avoid- 
ed by raising one of the sides of the jar, A, for 
a moment, and slipping in the little cup, D, 
with the combustible b^y as quickly as pos- 
sible. In this mann^ ot operating, a small quan- 
of common air gets into the jar, but it is so 
inconsiderable aS not to injure either the 
piCg^ or accuracy of the e:q>aiment in any 
sei^fale degree. 


When the cup, D, is introduced imder the 
jar, we suck out a part of the oxygen gas, so as 
to raise the mercury to EP, as formerly direct- 
ed, Part I, Chapter V; otherwise, when the 
combustible body is set on fire, the gas becom- 
ing dilated woidd be in part forced out, and we 
should no longer be able to make any accurate 
calculation of the quantities before and after 
the experiment. A very convenient mode of 
drawing out the air is by means of an air-pump 
syringe adapted to the siphon, GHI, by which 
the mercury may be raised to any degree under 
twenty-eight inches. Very inflammable bodies, 
as phosphorus, are set on fire by meafia of the 
crooked iron wire MN (Plate iv. Fig. p) made 
red hot and passed quickly through the mer- 
cury. Such as are less easily set on fire have a 
small portion of tinder, upon which a\minute 
particle of phosphorus is fixed, laid upon them 
before using the red hot iron. \ 

In the first moment of combustion the air, 
being heated, rarifies, and the mercury de- 
scends; but when, as in combustions of phos- 
phorus and iron, no elastic fluid is formed, ab- 
sorption becomes presently very sensible, and 
the mercury rises high into the jar. Great at- 
tention must be used not to burn too large a 
quantity of any substance in a given quantity 
of gas, otherwise, towards the end of the exper- 
iment the cup would approach so near the top 
of the jar as to endanger breaking it by the 
great heat produced and the sudden refrigera- 
tion from the cold mercury. For the methods 
of measuring the volume of the gases, and for 
correcting the measures according to the height 
of the barometer and thermometer, &c., see 
Chapter II, Sections V and VI of this part. 

The above process answers very well for 
burning all the concrete substances, and even 
for the fixed oils. These last are burnt in lamps 
under the jar and are readily set on fire by 
means of tinder, phosphorus, and hot iron. But 
it is dangerous for substances susceptible of 
evaporating in a moderate heat, such as ether, 
alcohol, and the essential oils; these substances 
dissolve in considerable quantity in oxygen gas ; 
and, when set on fire, a dangerous and sudden 
explosion takes place, which carries up the jar 
to a great height, and dashes it in a thousand 
pieces. From two such explosions some of the 
members of the Academy and myself escaped 
vmy narrowly. Besides, though this manner of 
operating is sufficient for determining pretty 
accuratdy the quantity of oxygen gas ab^bed 
and of carbonic acid produced, as water is l&e- 
wise formed in all experiments Upon vegetabte 
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and animal matters which cont^ an excess of 
hydrogen, this apparatus can neither coUect it 
nor detennine its quantity. The experiment 
with phosphorus is even incomplete in this way, 
as it is impossible to demonstrate that the 
weight of the phosphoric acid produced is equal 
to the sum of the weights of the phosphorus 
burnt and oxygen gas absorbed during the 
process. 1 have been, therefore, obliged to vary 
the instruments according to circumstances, 
and to employ several of different kinds, which 
I shall describe in their order, beginning with 
that used for burning phosphorus. 

Take a large balloon A (Plate iv. Fig. 4) of 
crystal or white glass, with an opening, EF, 
about two inches and a half or three inches di- 
ameter, to which a cap of brass is accurately 
fitted with emery, and which has two holes for 
the passage of the tubes xspxjyyy. Before shut- 
ting the balloon with its cover, place within it 
the stand, BC, supporting the cup of porcelain 
D, which contains the phosphorus. Then lute 
on the cap with fat lute and allow it to dry for 
some days and weigh the whole accurately; 
after this exhaust the balloon by means of an 
air-pump connected with the tube xxx^ and 
fill it with oxygen gas by the tube yyy, from 
the gasometer (Plate viii. Fig. 1) described 
Chapter II, Section II, of this part. The phos- 
phorus is then set on fire by means of a burn- 
ing-glass and is allowed to burn till the cloud 
of concrete phosphoric acid stops the combus- 
tion, oxygen gas being continually supplied 
from the gasometer. When the apparatus has 
cooled, it is weighed and unluted; the tare of 
the instrument being allowed, the weight is that 
of the phosphoric acid contained. It is proper, 
for greater accuracy, to examine the air or gas 
contained in the balloon after combustion, as 
it may happen to be somewhat heavier or lighter 
than common air; and this difference of weight 
must be taken into account in the calculations 
upon the results of the experiment. 

Sbction III Of the Combustion of Charcoal 

The apparatus I have employed for this proc- 
ess consists of a small conical furnace of ham- 
mered copper, represented in perspective, Plate 
F^. 9f and internally displayed Fig. IL It 
is divided into the furnace, ABC, where the 
charcoal is burnt, the grate, de, and the ash- 
hole, F; the tube, GH, in the middle of the 
dome of the furnace serves to introduce the 
charcoal, and as a chimney for carrying off the 
ail* which has served for combustion. , Through 
the tube, Imn, which communicates with Ihe 


gasometer, the hydrogen gas, or air, intended 
for supporting the combustion, is conveyed in- 
to the ash-hole, F, whence it is forced, by the 
application of pressure to the gasometer, to 
pass through the grate, da, and to blow upon 
the burningcharcoal placed immediatelyabove. 

Oxygen gas, which forms *Jlooof atmospheric 
air, is changed into carbonic acid gas during 
combustion with charcoal, whilst the asotic 
gas of the air is not altered at all. Hence, after 
the combustion of charcoal in atmospheric air, 
a mixture of carbonic acid gas and azotic gas 
must remain; to allow this mixture to pass off, 
the tube, op, is adapted to the chimney, GH, 
by means of a screw at G, and conveys the gas 
into bottles half filled with solution of caustic 
potash. The carbonic acid gas is absorbed by 
the alkali, and the azotic gas is conveyed into 
a second gazometer where its quantity is as- 
certained. 

The weight of the furnace, ABC, is first ac- 
curately determined ; then introduce the tube 
RS, of known weight, by the chimney, GH, till 
its lower end S rests upon the grate, dc, which 
it occupies entirely; in the next place, fill the 
furnace with charcoal and weigh the whole 
again, to know the exact quantity of charcoal 
submitted to experiment. The furnace is now 
put in its place, the tube, Imn, is screwed to 
that which communicates with the gazometer, 
and the tube, op, to that which communicates 
with the bottles of alkaline solution. Every- 
thing being in readiness, the stop-cock of the 
gazometer is opened, a small piece of burning 
charcoal is thrown into the tube, RS, which is 
instantly withdrawn, and the tube, op, is 
screwed to the chimney, GH. The little piece 
of charcoal falls upon the grate, and in this 
manner gets below the whole charcoal, and is 
kept on fire by the stream of air from the ga- 
zometer. To certain that the combustion is 
begun, and goes on properly, the tube, gra, is 
fixed to the furnace, having a piece of glass ce- 
mented to its upper extremity, s, throu^ which 
we can see if the charcoal be on fire. 

I neglected to observe above that the fur- 
nace a^ its appendages are plunged in water 
in the cistern TVXY (Plate xii. Fig. 11)^ to 
which ice may be added to moderate the heat, 
if necessary; though the heat is by no means 
very considerable, as there is no air but what 
comes from the gazometer, and no more of the 
charcoal bums at one time than what is inmiedlr 
lately over the grate. 

As one piece of (diarcoal is consumed anqth^ 
falls down into its place, in consequence of the 
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dedSvity of the sides dt the fumeoe; this gets 
i&td t^ streattL of air from the grate, ie, and 
is burnt; and so on, successively, till &e ^ole 
charcoal is consumed. The air which has served 
the purpose of the combustion passes through 
the mass of charcoal and is forced by the pres* 
sure of the gasometer to escape t^u^ the 
tube, op, and to pass through the bottles of 
alkaline solution. 

This experiment furnishes all the necessary 
data for a complete analytis of atmospheric air 
and of charcoal. We know the weight of char- 
coal consumed; the gasometer gives us the 
measure of the air employed; the quantity and 
quality of gas remaining after combustion may 
determined as it is received, either in an<^ 
other gasometer, or in jars, in a pneumato- 
chemical apparatus; the weight of ashes re- 
maining in the ash-hole is readily ascertained ; 
.and, finally, the additional weight acquired 
by the bottles of alkaline solution gives the 
exact quantity of carbonic acid formed dur- 
ing the process. By this experiment we may 
likewise determine, with sufficient accuracy, 
the proportions in which charcoal and oxy- 
gen enter into the composition of carbonic 
acid. 

In a future Minwire 1 shall g^ve an account 
to the Academy of a series of experiments I 
have undertaken with instrument upon all the 
vegetable and animal charcoals. By some very 
sti^t alterations, this machine may be made 
to answer for observing the principal phenom^ 
ena of respiration. 

Skc^tion IV Of (he Combustion of Oils 

Oils are more compound in their nature than 
charcoal, being formed by the combination of 
at least tw6 Aments, charcoal and hydrogen; 
of course, after their combustion in common 
water, carbonic acid gas, and azotic gas 
imnain. BD^oe the apparatus ^ployed for 
their omnbustion requires to be ^apted 
for collecting these three products, and is Con^ 
sequently more complicated than the charcoal 
furnace. 

The apparatus I employ for this purpose is 
compost of a large jar or pitcher A (Plate 
Fig. 4)f surroimd^ at its upper edge by a rim 
of iron |mpei4y hemented at DE receding 
item the jar at BC so as to leave a furrow or 
gutter is x between it and the outside of the jar 
smtiewhatmorethan twbin<^^deep. Thecover 
or lid of the jar {Fig. 6) is likewise surroiinded 
lion rim^/^, which adjusts into the 

which, beiflt filled irithmeroSiy^, 


has the effect of (dosmg'the jai^limiMioalljr 
an instant, without uting imy lute; and,asithe 
gutter will hold abo^t two inches of mereuryv 
the air in the jar may be made to sustain tiie 
pressure of more than two feet of water, with- 
out dan^ of its escaping. 

The lid has four holes, Thik^ for^ the pas- 
sage of anoqual number of tubes. The opening 
T is furnished with a leather box, throiigh which 
passes the rod {Fig. S) intended for raising and 
lowering the wick of the lamp, as will be after^ 
wards directed. The three other hdes are in- 
tended for the passage of three several tubes, 
one of which conveys the oil to the lamp, a sec- 
ond conveys air for keeping up the combustion, 
and the third carries off the air, afW it has 
served for combustion. The lamp in which the 
oil is burnt is represented Fig. 1^; a is the resei^ 
voir of oil, having a funnel by which it ^s filled ; 
bcdefgh is a siphon which conveys the oil to 
the lamp 11 ; 7, 8, 6, 10, is the tube which con- 
veys the air for combustion from the gasom- 
eter to the same lamp. The tube 5 c is formed 
externally, at its lower end 5, into a male screw, 
which turns in a female screw in the lid of the 
reservoir of oil o; so that, by turning the resets 
voir one way or the other, it is made to rise or 
fall, by which the oil is kept at the necfesary 
level. 

When the siphon is to be filled, and the com- 
munication formed between the reservoir of oil 
and the lamp, the stop-cock c is shut and that 
at e opened, oil is poured in by the opening/ at 
the top of the siphon till it rises within three or 
four lines of the upper edge of the lamp; the 
stop-cock k is then shut and that at c opened; 
the oil is then poured in at /, till the branch 
bed of the siphon is filled, and then the stop- 
cock e is clo^. The two branches of the siphon 
bdng now completely filled, a cmnmuhication 
is fuUy established between the reservoir and 
the lamp. 

In Plate xn, Fig. Jf, all the parts of tiie lamp 
11 {Fig. B). are represented magnified, to shqw 
them distinctly^ The tube ik carries the 6il 
from the reservoir to the cavity a a aa, which 
contains the wick; the tifibe 9, l6l brings the air 
from the gazometer for keeping upthe coi^tus- 
tion; this air Spreads through the cavity 4dddf 
and, by means bf the-paSsages cccc ai^Mbfr, 
ia distrilmted on each side of the wi^, aftk 
the principles of tiie lamps instructed by 
gind, QttiiMimeti ^hd Jjange. ^ 

Tb render the whole of this compficiat^ np 
partus more eatily understood,' afid that 
description may all otiiers trf tibe 
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Idnrf iiMMre r«Etdily lolloweld, it is repreji^tited 
ctople^fy connoted together fbr itee in Plate 
je;!. The gazoiheter P famishes air for the com- 
busfiion by the tube and stop-cock 1, 2; the 
tllte 2, 8, communicates with a secoaSitd gaaom- 
^ter« imch is filled whilst the first one is emp- 
tying during the prOcesS, that there may be no 
interruption to the combustion; 4; 6, is a tube 
of glass filled with deliquescent salts^ for drying 
the air as much as possible in its passage; and 
the weight of this tube and its’ contain^ salts, 
at the beginning of the experiment being known, 
ii is ^sy to determine the quantity of water 
absorbed by them from the air. Prom this deli- 
quescent tube the air is conducted through the 
pipe 5, 6, 7, 8, 9, 10, to the lamp 11, where it 
spreads on both sides of the wick, as before de- 
scribed, and feeds the flame. One part of this 
air, which serves to keep up the combustion of 
the oil, forms carbonic acid gas and water by 
oxygenating its elements. Part of this water 
condenses uix)n the sides of the pitcher A, and 
another part is held in solution in the air by 
means of caloric furnished by the combustion. 
This air is forced by the compression of the ga- 
someter to pass through the tube 12, 13, 14, 
15, into the bottle 16, and the worm 17, 18, 
where the water is fully condensed from the 
refrigeration of the air; and, if any water still 
remains in solution, it is absorbed by deliques- 
cent salts contained in the tube 19, 20. 

All these precautions are solely intended for 
collecting and determining the quantity of wa- 
ter formed during the experiment ; the carbonic 
acid and azotic gas remains to be ascertained. 
The former is absorbed by caustic alkaline so- 
lution in the bottles 22 and 25. 1 have only rep- 
resented two of these in the figure, but nine at 
least are requisite; and the last of the seiies may 
be hhlf filled with lime-water, which is the most 
certmn reagent for indicating the presence of 
carbonic acid ; if the lime-water is not rendered 
turbid, we may be certain that no sensible quan- 
tity of that acid remains in the air. 

The rest of the air which has served for com- 
bustion; and which chiefly consists of azotic gas, 
thcm^ still mixed with a considerable portion 
of oxygen gas which has escaped unchanged 
from the combustion, is carried throu^ a third 
tube 28, 29; of deliquescent saltsy to deprive it 
6f ' any moisture it may have acquired in the 
bottles of alkaline solution and Ihne-Water, and 
thence by the tube 29; 30; info a gazom- 
eter, where its quantity ia ascertained* Small 
^feSSla^'a^w thent^^ it,^ Whidi abe ex- 
assMon sulphuret of potashl to 


ascertain the proportions of oxygen and aaotic 
gas it contains. 

In the combustion of oils the wick becomes 
charred at last and obstructs the rise of the oil; 
besides, if we raise the wick above a certain 
height, more oil rises through its capillary tubes 
than the stream of air is capable of consuming, 
and smoke is produced. Hence it is necessary 
to be able to lengthen or shorten the wick with^ 
out opening the apparatus; this is accomplished 
by means of the rod 31, 32, 33, 34, which passes 
through a leather-box and is connected with 
the support of the wick; and that the motion 
of this rod, and consequently of the wick, may 
be regulated with the utmost smoothness and 
facility, it is moved at pleasure by a pinion 
which plays in a toothed rack. The rod, with 
its appendages, are represented Plate xii, Fig. 
3. It appeared to me that the combustion would 
be assisted by surrounding the flame of the 
lamp with a small glass jar open.at both ends, 
as represented in its place in Plate xi. 

I shall not enter into a more detailed descrip- 
tion of the construction of this apparatus, which 
is still capable of being altered and modified in 
many respects, but shall only add that when it 
is to be used in experiment, the lamp and reser- 
voir with the contained oil must be accurately 
weighed, after which it is placed as before di- 
rected and lighted; having then formed the 
connection between the ait in the gazometer 
and the lamp, the external jar A (Plate Xt) is 
fixed over all and secured by means of the 
board BC and two rods of iron which connect 
this board with the lid and are screwed to ib. 
A small quantity of oil is burnt while the jar is 
adjusting to the lid, and the product of that 
combustion is lost; there is likewise a small 
pcnl^ion of air from the gazometer lost at the 
same time. Both of these are of very inconsid- 
erable consequence in extensive experimaits, 
and they are even capable of being valued in 
our calculation of the results. 

In a particular Mimovre, I shall give an ac- 
count to the Academy of the difficulties inse|>- 
arable from this kind of experiment. These are 
so insurmountable and troublesome that Ihave 
liot hitherto been able to obtain any rigerous 
determinatioh of the quantities of the {rnduds. 
I have sufficient proof; however, thatthO*%ed 
Oils' are entirely resolved during cxMaabuirtkm 
info water and carbonic acid gas; and 
quently that they are oompc^ of hydro- 
gen' and eharcQai ; but I have ho certain 
iedge respeoting the propoitlons of thefo in- 
gredients. 
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Section V Of the CtmAustion of Alcohol 

The combustion of alcohol may be very read- 
ilyperformedintheapparatusalreadydescribed 
for the combustion of charcoal and phosphorus. 
A lamp filled with alcohol is placed under the 
jar A (Plate iv, Fig. 5), a small morsel of phos- 
phorus is placed upon the wick of the lamp, 
which is set on fire by means of the hot iron, as 
before directed. This process is, however, liable 
to considerable inconvenience; it is dangerous 
to make use of oxygen gas at the beginning of 
the experiment for fear of deflagration, which 
is even liable to happen when common air is 
employed. An instance of this had very near 
proved fatal to myself, in presence of some 
members of the Academy. Instead of preparing 
the experiment, as usual, at the time it was to 
be performed, I had disposed everything in or- 
der the evening before; the atmospheric air of 
the jar had thereby sufficient time to dissolve a 
good deal of the alcohol; and this evaporation 
had even been considerably promoted by the 
height of the column of mercury, which I had 
raised to EF (Plate iv. Fig. S). The moment I 
attempted to set the little morsel of phosphorus 
on fire by means of the red hot iron, a violent 
explosion took place, which threw the jar with 
great violence against the floor of the labora- 
tory and dashed it in a thousand pieces. 

Hence we can only operate upon very small 
quantities, such as ten or twelve grains of alco- 
hol, in this manner; and the errors which may 
be committed in experiments upon such small 
quantities prevents our placing any confidence 
in their results. 1 endeavoured to prolong the 
combustion, in the experiments contained in 
the Recveil de VAcadSmie for 1784, p. 593, by 
lighting the alcohol first in common air and 
fumisli^g oxygen gas afterwards to the jar, in 
'^proportion as it consumed; but the carbonic 
acid gas produced by the process beeame a 
great hinderance to the combustion, the more 
so that alcohol is but difficultly combustible, 
especially in worse than common air; so that 
even in this way very small quantities only 
could be burnt. 

Perhaps this combustion might succeed bet- 
ter in the oil apparatus (Plate xi) ; but 1 have 
not hitherto ventured to try it. The jar A in 
which the combustion is performed is near 1400 
cul^ inches in dimension; and, were an explo- 
sion to take place in such a vessel, its cons^ 
qu^ces would be very terrible and very diffi- 
to guard ag^nst. I have not^ however, de- 
spaired of making the attempt. 


From all these difficulties, I have been hiib« 
erto obliged to confine mysdf to experiments 
upon very small quantities of alcohol, or at 
least to combustions made in open vessels, such 
as that represented in Plate ix, Fig. 5, which 
will be described in Section VII of this (^pter. 
If I am ever able to remove these difficulties, I 
shall resume this investigation. 

Section VI Qf the Combustion of Ether 

Tho’ the combustion of ether in close vessels 
does not present the same difficulties as that of 
alcohol, yet it involves some of a different kind, 
not more easily overcome, and which still pre- 
vent the* iSrogress of my experiments.il endeav- 
oured to profit by the property wmch ether 
possesses of dissolving in atmospheric air and 
renderingit inflammable withoutexploBion.For 
this purpose, I constructed the res^oir of 
ether abed (Plate xii. Fig. 8), to which air is 
brought from the gazometer by the tuoe 1, 2, 
3, 4. This air spreads, in the first place, in the 
double lid ac of the reservoir, from which it 
passes through seven tubes ef, gh, ik, Ac., which 
descend to the bottom of the ether, and it is 
forced by the pressure of the gazometer to boil 
up through the ether in the reservoir. We may 
replace the ether in this first reservoir, ip pro- 
portion as it is dissolved and carried off by the 
air, by means of the supplementary reservoir 
E, connected by a brass tube fifteen or eighteen 
inches long and shut by a stop-cock. This length 
of the connecting tube is to enable the descend- 
ing ether to overcome the resistance occasioned 
by the pressure of the air from the gazometer. 

The air, thus loaded with vapours of ether, 
is conducted by the tube 5, 6, 7, 8, 9, to the jar 
A, into which it is allowed to escape through a 
capillary opening, at the extremity of which it 
is set on fire. The air, when it has served the 
purpose of combustion, passes through the bot- 
tle 16 (Plate xi), the worm 17, 18, and the deli- 
quescent tube 19, 20, after which it passes 
through the alkaline l^ttles; in these its car- 
bonic acid gas is absorbed, the water formed 
during the experiment having been previously 
deposited in the former parts of the apparatus. 

When I caused this apparatus constructed, I 
supposed that the combination of atmospheric 
air and ether formed in the reservoir abed 
(Plate XII, Fig. 8) was in proper proportion for 
supporting combustion; but in this I was mis- 
tak^; for there is a very considerable quantity 
of excess of ether; so that an additional quan- 
tity of atmospheric air is necessary to enable it 
to bum fully. Hence a lamp constructed upon 
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these principles will bum in common air, which 
furnishes the quantity of oxygen necessary for 
combustion, but will not burn in close vessels 
in which the air is not renewed. From this cir- 
cumstance, my ether lamp went out soon after 
being lighted and shut up in the jar A (Plate 
XII, Fig. 8). To remedy this defect, I endeav- 
oured to bring atmospheric air to the lamp by 
the lateral tube 10, 11, 12, 13, 14, 15, which 1 
distributed circularly round the flame; but the 
flame is so exceedingly rare that it is blown out 
by the gentlest possible stream of air, so that I 
have not hitherto succeeded in burning ether. 
I do not, however, despair of being able to ac- 
complish it by means of some clmnges 1 am 
about to have made upon this apparatus. 

Section VII Of (he Comhueiion of Hydrogen 

Gas and the Formation of Water 

In the formation of water, two substances, 
hydrogen and oxygen, which are both in the 
aeriform state before combustion, are trans- 
formed into liquid or water by the operation. 
This experiment would be very easy and would 
require very simple instruments, if it were pos- 
sible to procure the two gases perfectly pure, 
so that they might bum without any residuum. 
We might, in that case, operate in very small 
vessels and, by continually furnishing the two 
gases in proper proportions, might continue the 
combustion indefinitely. But, hitherto, chem- 
ists have only employed oxygen gas mixed with 
azotic gas; from which circumstance, they have 
only been able to keep up the combustion of 
hydrogen gas for a very limited time in close 
vessels, because, as the residuum of azotic gas 
is continually increasing, the air becomes at 
last so much contaminated that the flame weak- 
ens and goes out. This inconvenience is so much 
the greater in proportion as the oxygen gas em- 
ployed is less pure. From this circumstance, we 
must either be satisfied with operating upon 
small quantities or must exhaust the vessels at 
intervals, to get rid of the residuum of azotic 
gas; but, in this case, a portion of the water 
formed during the experiment is evaporated by 
the exhaustion; and the resulting error is the 
more dangerous to the accuracy of the process, 
so that we have no certain means of valuing it. 

These considerations make me desirous to 
repeat the principal experiments of pneumatic 
chemistry with oxygen gas entirely free from 
any admixture of azotic gas; and this may be 
procured from oxygenat^ muriate of potash. 
The oi^g^ gas extracted from this salt does 
not appear to contain azote, unless accident^ 


ally, so that, by proper precautions, it may be 
obtained perfectly pure. In the mean time, the 
apparatus employ^ by M. Meusnier and me 
for the combustion of hydrogen gas, which is 
described in the experiment for recomposition 
of water. Part I, Chapter VIII, and need not 
be here repeated, will answer the purpose ; when 
pure gases are procured, this apparatus will re- 
quire no alterations, except tl^t the capacity 
of the vessels may then be diminished. 

Plate IV, Fig. 5. 

The combustion, when once begun, continues 
for a considerable time but weakens gradually, 
in proportion as the quantity of azotic gas re- 
maining from the combustion increases, till at 
last the azotic gas is in such over proportion 
that the combustion can no longer be support- 
ed, and the flame goes out. This spontaneous 
extinction must be prevented, because, as the 
hydrogen gas is pressed upon in its reservoir, 
by an inch and a half of water, whilst the oxy- 
gen gas suflers a pressure only of three lines, 
a mixture of the two would take place in the 
balloon, which would at last be forced by the 
superior pressure into the reservoir of oxygen 
gas. Wherefore the cmnbustion must be stop- 
ped by shutting the stop-cock of the tube dDd 
whenever the flame grows very feeble; for 
which purpose it must be attentively watched. 

There is another apparatus for combustion, 
which, though we cannot with it perform ex- 
periments with the same scrupulous exactness 
as with the preceding instruments, gives very 
striking results that are extremely proper to be 
shown in courses of philosophical chemistry. It 
consists of a worm EF (Plate ix. Fig. 6) con- 
tained in a metallic cooler ABCD. To the up- 
per part of this worm E, the chimney GH is 
fixed, which is composed of two tubes, the in- 
ner of which is a continuation of the worm, md 
the outer one is a case of tin-plate, which sur- 
rounds it at about an inch distance, and the in- 
terval is filled up with sand. At the inferior ex- 
tremity K of the inner tube, a glass tube is 
fixed, to which we adopt the Argand lamp LM 
for burning alcohol, &c. 

Things being thus disposed, and the lamp 
being fiUed wito a determinate quantity of al- 
cohol, it is set on fire; the water which is formed 
during the combustion rises in the chimney K£, 
and, IMng condensed in the worm, runs out at 
its extremity F into the bottle P. The doulde 
tube of the chimney, filled with sand in the in- 
terstice, is to prevent the tube from cooling in 
its upper part and condensing the water; other- 
wise, it would fall back in the tube, and we 
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flfaould not ba able to aeoertaiii its quan1;ity> 
md besides it sacdght fall in drops upon tbe wick 
fund extinguish the flame* The intention of this 
eonBtructio& is to keep the chimney always hot 
and the worm always cool, that the water may 
be preserved in the state of vapour whilst ris- 
ing and may be condensed immediately upon 
getting into the descending part of the appara- 
tw. By this instrument, which was contrived 
by M* Meusnier, and which is described by 
me in the Recueil de VAcadSmie for 1784, p. 
593, we may, with attention to keep the worm 
always cold, collect nearly seventeen ounces of 
water from the combustion of sixteen ounces 
of alcohol. 

Section VIII Of the Oxidation of Metata 

The term oxidation or calcination is chiefly 
used to signify the process by which metate ex- 
posed to a certain degree of heat are converted 
into oxides by absorbing oxygen from the air. 
This combination takes place in consequence 
of oxygen possessing a greater aflinity to met- 
als, at a certain temperature, than to calorie, 
which becomes disengaged in its free state; but, 
as this disengagement, when made in common 
air, is slow and progressive, it is scarcely evi- 
dent to the senses. It is quite otherwise, how- 
ever, when oxidation takes place in oxygen gas ; 
for, teing produced with much greater rapidity, 
it is gener^ly accompanied with heat and light, 
so as evidently to show that metallic substances 
are real combustible bodies. 

All the metab have not the same degree of 
affinity to oxygen. Gold, silver, and platinum, 
for instance, are incapible of taking it away 
from its combination with caloric, even in the 
neatest known heat; whereas the other metals 
absorb it in a larg^ or smaller quantity, until 
the affinities of the metal to oxygen, and of ihe 
latter to caloric, are in exact equilibrium. In- 
deed, this state of equilibrium of aflSnities may 
be assumed as a general law of nature in aU 
eombiaations. 

In all operations of this nature, the oxidation 
of metals is accelerated by giving iree access to 
&& air; it is sometimes much assisted by join- 
ing the action of a bellows, which dii^ts a 
stream of airover thesurfaoe of the metal. This 
process becomes greatly more rapid if a stream 

oxygen gas be used, which is readily done by 
meansof thegasometerfrnm^iydescribed. The 
in this case, throws out a brilliant flame^ 
axi4.4he oxidation is very quickly accomplished ; 
bgktbis method can only be in ccm- 
fij^egcperiments, on aeoouht of theexpenseof 


prcKmringosyge^^ of mes, and 

in all the common operations of thelaboratoryi 
the calcination or oxidation of metab is usual* 
ly performed in a dish of baked clay (Plate xv, 
Fig. d), commonly called a roasting placed 
in a strong fumiace. The substances to to oxi- 
dated are frequeatly stirred, on purpose to pre- 
sent fresh suiibces to the air. 

Whenever this operation is perfom^ upon 
a metal which is not volatile, and from>w^h 
nothing flies off into the surrounding air during 
the process, the metal acquires additional 
weight; but the cause of thb increased weight 
during p^ation could never have Imndbcov- 
ered by means of experiments performed in free 
air; and it is only since these operations have 
been performed in close vessels, ana in deter- 
minate quantities of air, that any just conjec- 
tures have been formed concerning the cause of 
thb phenomenon. The first methodYor this 
purpose b due to Dr. Priestley, who exposes the 
metal to be calcined in a porcelain cup N (Pbte 
IV, Fig. ll)f pbced upon the stand IK, under 
a jar A, in the basin BODE, full of water; the 
water is made to rise up to GH, by sucking out 
the air with a siphon, and the focus of a burn- 
ing glass is made to kll upon the metal. In a 
few minutes the oxidation takes place, a part of 
the oxygen contained in the air combines with 
the metal, and a proportional diminution of the 
volume of air is produced; what remains is 
nothing more than azotic gas, still however 
mixed with a small quantity of oxygen gas. I 
have given an account of a series of experiments 
made with this apparatus in my Physical and 
Chemical Essays, first published in 1773. Mer- 
cury may be us^ inst^d of water in this ex- 
periment, whereby the results are rendered still 
more conclusive. 

Another process for thb purpose was invent- 
ed by M. Boyle, of which I gave an account in 
the Recueil de VAcad&mie for 1774, p. 351. The 
metal is introduced into a retort (Plate ni; Fig. 

the beak ol which is hermetically sealed; 
the metal is then oxidated by means of heat ap- 
l^ed with great precaution. The wei^t of the 
vessel and its contained substances b not at sM 
changed by thb process, until the extiemity of 
the neck of the retort is broken; but, when that 
b done, the external air rushes in with a hissing 
noise. Thb operation b attended witii danger, 
unless a part of the air b driven out of the re- 
tort by means of heat before it b henneticaUy 
sealedy as otiierwbe the Tetcnrt would be apt to 
burst by the dilation of the air wben .plao^Sn 
the furnace. The quantity of air out 
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my be reo^ired under in the paeum 
aheTOcat api^atus, by which its quantity and 
that of the air remaining in the retort is aacer** 
tained. 1 have not multiplied my experiments 
upon oxidation of metals so much as I could 
have wished; neither have I obtained satisfac- 
tory results with any metal except tim It is 
much to be wished that some person would 
undertake a series of experiments upon oxida*- 
tion of metals in the several gases; the subject 
is important and would fully repay any trouWe 
which this kind of experiment might occasion. 

As all the oxides of mercury are capable of 
revivifying without addition and restore the 
oxygen gas they bad before absorbed) this seem- 
ed to be the most proper metal for becoming the 
subject of conclusive experiments upon oxida- 
tion. I formerly endeavoured to accomplish the 
oxidation of mercury in close vessels, by filling 
a retort) containing a small quantity of mer- 
cury, with oxygen gas, and adapting a bladder 
half full of the same gas to its beak; See Plate 
IV, Fig. 12. Afterwards, by heating the mer- 
cury in the retort for a very long time, I suc- 
ceeded in oxidating a very small portion, so as 
to form a little red oxide floating upon the sur- 
face of the running mercury; but the quantity 
was so small that the smallest error committed 
in the determination of the quantities of oxy- 
gen gas before and after the operation must 
have tlirown very great uncertainty upon the 
results of the experiment. 1 was, besides, dis- 
satisfied with this process, and not without 
cause, lest any air might have escaped through 
the pores of the bladder, more especially as it 
becomes shrivelled by the heat of the furnace 
unless covered over with cloths kept constant^ 
ly wet. 

This experiment is performed with more cer^ 
tainty in toe. apparatus described in the Becueil 
de VAcadimie for 1775, p. 580. This consists of 
a retort A (Plate iv. Fig, having a crooked 
^ss tube BODE of ten or twelve lines internal 
diameter melted on to its beak, and which is 
engaged under toe bell glass FG, standing with 
its mouth downwards in a basin filled wito wa- 
ter or mercury* The retort is placed upon the 
bars of toe furnace MMNN (Plate rv, Fig. 2)^ 
or in A sand bath, and by means of this appa- 
ratus m may, in toe course of several days, 
oxidate a small qqantity of mercury in comr 
mon air ; the red oxide floats upon the surface, 
from u^hich it may be oofleoted and revivified^ 
80 as. to compare toe quantity of oxyg^ ^ 
obtained, in revivification with toe id^rption 
place during oxidation* Tina kintl 
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of experiment can only be performed updn a 
small scale, so that no very certain odnduskniB 
can be drawn from them.^ 

The combustion of iron in oxygen gas being 
a true oiddation of that metal, ought to be men- 
tioned in this place. The apparatus employed 
by M. Ingenhousz for this operation is repre- 
sented in Plate IV, Fig. 17; but, having already 
described it sufficiently in Chapter III, I shall 
refer the reader to what is said of it in that 
place. Iron may likewise be oxidated by com- 
bustion in vessels filled with oxygen gas, in the 
way already directed for phosphorus and toar- 
ooal. This apparatus is represented in Plate iv, 
Fig. 3, and described in the fifth chapter of the 
first part of this work. We learn from M. In- 
genhousz that all the metals, except gold, sil- 
ver, and mercury, may be burnt or oxidat^ in 
the same manner, by reducing them into very 
fine wire or very thin plates cut into narrow 
slips; these are twisted round with iron-wire, 
which communicates the property of burning 
to the other metals. 

Mercury is even with difficulty oxidated in 
free air. In chemical laboratories, this process 
is usually carried on in a matrass A (Plate iv, 
Fig. 10), having a very flat body and a very 
long neck BC, which vessel is commonly called 
BoyWs hell. A quantity of mercury is intro- 
duced sufficient to cover the bottom, and it is 
placed in a sand bath, which keeps up a con- 
stant heat approaching to that of boiling mer- 
cury. By continuing this operation with five or 
six similar matrasses during several months, 
and renewing the mercury from time to time, a 
few ounces of red oxide are at last obtain^. 
The great slowness and inconvenience of this 
apparatus arises from the air not being suffici- 
ently renewed; but if, on toe other hand, too 
free a circulation were given to toe external air, 
it would carry off the mercury in solution in 
the state of vapour, so toat in a few days none 
would remain in the vessel. 

As, of all the experiments upon toe oxidation 
of metals, those with mercury are toe most 
conclusive, it were much to be wished that a 
simple apparatus could be contrived by which 
this oxidation and its results might be demon- 
strated in public courses of chemistry. JTfais 
might, inmyopinion, beaocomplishedbymelh^ 
ods similar to those I have already described 
for toe combustion of charcoal and the 0 ila; bat^ 
from other pursuits, I have not been aide hith^ 
erto to resume this kind of experim^t*; 

ifleesa aoeosniof this eXpeiilxiimt,' Pinil, CHitlqH 
tsr Airraoa. . 
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The oxide of mercury revives without addi- 
tion, by being heated to a slightly red heat. In 
this degree of temperature, oxygen has greater 
affinity to caloric than to mercury, and forms 
oxygen gas. This is always mixed with a small 
portion of azotic gas, which indicates that the 
mercury absorbs a small portion of this latter 
gas during oxidation. It almost always con- 
tains a little carbonic acid gas, which must un- 
doubtedly be attributed to the foulnesses of the 
oxide; these are charred by the heat, and con- 
vert a part of the oxygen gas into carbonic acid. 

If chemists were reduced to the necessity of 
procuring all the oxygen gas employed in their 
experiments from mercury oxidated by heat 
without addition, or, as it is called, calcined or 
precipitaled per se, the excessive dearness of that 
preparation would render experiments, even 
upon a moderate scale, quite impracticable. 
But mercury may likewise be oxidated by means 
of nitric acid ; and in this way we procure a red 
oxide even more pure than that produced by 
calcination. I have sometimes prepared this ox- 
ide by dissolving mercury in nitric acid, evap- 
orating to dryness, and calcining the salt, either 
in a retort or in capsules formed of pieces of 
broken matrasses and retorts, in the manner 
formerly described; but I have never succeed- 
ed in making it equally beautiful with what is 
sold by the druggists, and which is, I believe, 
brought from Holland. In choosing this, we 
ought to prefer what is in solid lumps composed 
of soft adhering scales, as when in powder it is 
sometimes adulterated with red oxide of lead. 

To obtain oxygen gas from the red oxide of 
mercury, I usually employ a porcelain retort 
having a long glass tube adapted to its beak, 
which is engaged under jars in the water pneu- 
mato-chemical apparatus, and I place a bottle 
in the water, at the end of the tube, for receiv- 
ing the mercury, in proportion as it revives and 
distils over. As the oxygen gas never appears 
till the retort becomes red, it seems to prove 
the principle established by M. BerthoUet that 
an obscure heat can never form oxygen gas and 
that light is one of its constituent elements. We 
must reject the first portion of gas which comes 
over as being mixed with common air, from 
what was contained in the retort at the begin- 
ning of the experiment; but, even with this 
precaution, the oxygen gas procured is usually 
contaminated with a tenth part of azotic gas 
and with a very small portion of carbonic acid 
gas! This latter is leadily got rid of, by making 
the gas pass through a sdution of caustic alka- 
li; but we know of no method for separating the 


azotic gas; its proportions may however be as- 
certained, by leaving a known quantity of tiie 
o^gen gas contaminated with it for a fort*- 
night, in contact with sulphuret of soda or pot- 
ash, which absorbs the oxygen gas so as to con- 
vert the sulphur into sulphuric acid and leaves 
the azotic gas remaining pure. 

We may likewise procure oxygen gas from 
black oxide of manganese or nitrate of potash, 
by exposing them to a red heat in the appara- 
tus already described for operating upon red 
oxide of mercury; only, as it requires such a 
heat as is at least capable of softening glass, we 
must employ retorts of stone or of porcelain. 
But the purest and best oxygen gas is what is 
disengaged from oxygenated muriam of potash 
by simple heat. This operation is performed in 
a glass retort, and the gas obtained is perfectly 
pure, provided that the first portions, which 
are mixed with the common air of th^ vessels, 
be rejected. 

CHAPTER IX 
Of Dejlagraiion 

I HAVE already shown, Part I, Chapter IX, 
that oxygen does not always part with the 
whole of the caloric it contained in the state of 
gas when it enters into combination with other 
bodies. It carries almost the whole of its caloric 
alongst with it in entering into the combina- 
tions which form nitric acid and oxygenated 
muriatic acid; so that in nitrates, and more es- 
pecially in oxygenated muriates, the oxygen is, 
in a certain degree, in the state of oxygen gas, 
condensed, and reduced to the smallest volume 
it is capable of occupying. 

In these combinations, the caloric exerts a 
constant action upon the oxygen to bring it 
back to the state of gas; hence the oxygen ad- 
heres but very slightly, and the smallest addi- 
tional force is capable of setting it free; and, 
when such force is applied, it often recovers the 
state of gas instantaneously. This rapid passage 
from the solid to the aeriform state is called 
detonation, or f ulmination, because it is usually 
accompanied with noise and explosion. Defla- 
grations are commonly produced by means of 
combinations of charcoal either with nitre or 
oxygenated muriate of potash; sometimes, to 
assist the inflammation, sulphur is added; and, 
upon the just proportion of these ingredients, 
and the proper manipulation of the mixture, 
depends the art of making gun-powder. 

As oxygen is changed, by deflagration with 
charcoal, into carbonic acid, instep of oxygen 
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gas, carbonic acid gas is disengaged, at least 
when the mixture ^ been made in just pro- 
portions. In deflagration with nitre, asotic gas 
is likewise disengaged, because azote is one of 
the constituent elements of nitric aci(L 

The sudden and instantaneous disengage- 
ment and expansion of these gases is not, how- 
ever, sufficient for explaining all the phenom- 
ena of deflagration; because, if this were the 
soleoperating power, gun-powder would always 
be BO much the stronger in proportion as the 
quantity of gas disengaged in a given time was 
the more considerable, which does not always 
accord with experiment. I have tried some kinds 
which produced almost double the effect of or- 
dinary gun-powder, although they gave out a 
sixth part less of gas during deflagration. It 
would appear that the quantity of caloric dis- 
engaged at the moment of detonation contrib- 
utes considerably to the expansive effects pro- 
duced; for, although caloric penetrates freely 
through the pores of every body in nature, it 
can only do so progressively, and in a given 
time; hence, when the quantity disengaged at 
once is too large to get through the pores of 
the surrounding bodies, it must necessarily act 
in the same way with ordinary elastic fluids 
and overturn everything that opposes its pas- 
sage. This must, at least in part, take place 
when gun-powder is set on Are in a cannon; as, 
although the metal is permeable to caloric, the 
quantity disengaged at once is too large to find 
its way through the pores of the metal, it must 
therefore make an effort to escape on every 
side;and, as the resistance all around, excepting 
towards the muzzle, is too great to be overcome, 
this effort is employed for expelling the bullet. 

The caloric produces a second effect, by 
means of the repulsive force exerted between 
its particles; it causes the gases, disengaged at 
the moment of deflagration, to expand with a 
degree of force proportioned to the tempera- 
ture produced. 

It is very probable that water is decomposed 
during the deflagration of gun-powder, and that 
part of the oxygen furnished to the nascent car- 
bonic acid gas is produced from it. If so, a oon- 
sideraUe quantity of hydrogen gas must be 
disengaged in the instant of deflagration which 
expands and contributes to the force of the ex- 
plosion. It may readily be conceived how peat- 
ly this circumstance must increase the effect of 
powder, if we consider that a pint of hydrogen 
gas weighs only one grain and two thirds ; hence 
a very small quantity in wmght must occupy a 
veryjarge space, and it must exert a prodigious 


expansive force in passing from the liquid to 
the aeriform state of existence. 

In the last place, as a portion of undecom- 
posed water is reduced to vapour during the 
deflagration of gun-powder, and as water, in 
the state of gas, occupies seventeen or eighteen 
hundred times more space than in its liquid 
state, this circumstance must likewise contrib- 
ute largely to the explosive force of the powder. 

I have already made a considerable series of 
experiments upon the nature of the elastic fluids 
disengaged during the deflagration of nitre with 
charcoal and sulphur, and have made some, 
likewise, with the oxygenated muriate of pot- 
ash. This method of investigation leads to tol- 
erably accurate conclusions with respect to the 
constituent elements of these salts. Some of 
the principal results of these experiments, and 
of the consequences drawn from them respect- 
ing the analysis of nitric acid, are report^ in 
the collection of M^moirea present^ to the 
Academy by foreign philosophers, Vol. XI, p. 
625. Since then I have procured more conven- 
ient instruments, and I intend to repeat these 
experiments upon a larger scale, by which I 
shall procure more accurate precision in their 
results; the following, however, is the process I 
have hitherto employed. I would very earnest- 
ly advise such as intend to repeat some of these 
experiments to be very much upon their guard 
in operating upon any mixture which contains 
nitre, charcoal, and sulphur, and more especi- 
ally with those in which oxygenated muriate of 
potash is mixed with these two materials, 

I make use of pistol barrels, about six inches 
long and of five or six lines diameter, having 
the touch-hole spiked up with an iron nail 
strongly driven in and broken in the hole, and 
a little tin-smith’s solder run in to prevent any 
possible issue for the air. These are charged 
with amixture of known quantities of nitre and 
charcoal, or any other mixture capable of de- 
flagration, reduced to an impalpable powder 
and form^ into a paste with a moderate quan- 
tity of water. Every portion of the materials 
introduced must be rammed down with a ram- 
mer nearly of the same caliber with the barrel, 
four or five lines at the muzzle must be Idft 
empty, and about two inches of quick match 
are added at the end of the charge. The only 
difficulty in this experiment, especially when 
sulphur is contained in the mixture, is to dis- 
cover the proper degree of moistening; for, if 
the paste be too much wetted, it will not take 
fire, and if too dry, the deflagration is apt to 
become too rapid and even dangerous. 
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When the expmm^t is not intended to be 
rigorously escact, we set fire to the match, and, 
when it is just about to communicate with the 
charge, we plunge the pistol below a large bell- 
^ass lull of water in the pneumato-chemical 
apparatus. The deflagration begins and con* 
tinues in the water, and gas is disengaged with 
lessor more rapidity, in proportion as the mix- 
ture is more or less dry. So long as the defla- 
gration continues, the muzzle of the pistol must 
be kept somewhat inclined downwards, to pre- 
vent the water from getting into its barrel. In 
this manner I have sometimes collected the gas 
produced from the deflagration of an ounce and 
half, or two ounces, of nitre. 

In this manner of operating it is impossible 
to determine the quantity of carbonic acid gas 
disengaged, because a part of it is absorbed by 
the water while passing through it; but, when 
the carbonic acid is absorbed, the azotic gas re- 
mains; and, if it be agitated for a few minutes 
in caustic alkaline solution, we obtain it pure 
and can easily determineits volume and weight. 
We may even, in this way, acquire a tolerably 
exact Imowledge of the quantity of carbonic 
acid by repeating the experiment a great many 
times, and var 3 dng the proportions of charcoal, 
till we And the exact quantity requisite to defla- 
grate the whole nitre employed. Hence, by 
means of the weight of charcoal employed, we 
determine the weight of oxygen necessary for 
saturation and deduce the quantity of oxygen 
contained in a given weight of nitre. 

I have used another process, by which the 
resultsof thisexperiment are considerably more 
accurate, which conrisis in receiving the disen- 
gaged gases in beU-glasses filled with mercury. 
The mercurial apparatus I employ is large 
enou^ to contain jars of from twelve to fifteen 
pints in capacity, which are not very readily 
managed when full of mercury and even re- 
quire to be filled by a particular method. When 
&e |ar ia placed in the cistern of mercury, a 
l^ass siphon is introduced, connected with a 
SDoall air-pump by means of which the air is 
exhausted, and the mercury rises so as to fill 
the iar. After this, the gas of the deflagration 
is made to pass into the jar in the same manner 
as directed when water is employed. 

I must again repeat that species of ex- 
periment requires to be perfonned with the 
greatestposriUe precautions, lhave sometimes 
seen* when the diseni^gement of gas proceeded 
great rapi^ty, jars filled with more 
than an hundred and fi% pounds of mercury 
<biven etff by the force ^ the explorion and 


broken to pieces, wfaie the mercury was scatr 
tered about in great quantities. 

When the experiment has succeeded and the 
gas is collected under the jar, its quantity ki 
general, and the nature and quantities of the 
several spedes of gases of which the mixture is 
composed, are accurately ascertained by the 
methods alreadypointedoutinthesecond chap- 
ter of this part of my work. I have been pre- 
vented from putting the last hand to theexper- 
iments I had begun upon deflagration, from 
their connection with the objects 1 am at pres- 
ent engaged in; and I am in hopes they will 
throw ^Qasiderable light upon the/operations 
belonging to the manufacture of gim-powder. 

CHAPTER X \ 

Of the Instruments Necessary for Opermng upon 

Bodies in Very High Temperatures \ 

Section I Of Fusion 

We have already seen that, by aqueous solu- 
tion in which the particles of bodies are sepa- 
rated from each other, neither the solvent nor 
the body held in solution are at all decomposed ; 
so that, whenever thecause of separation ceases, 
the particles reunite, and the saline substance 
recovers precisely the same appearance and 
properties it possessed before solution. Real 
solutions are produced by fire, or by introduc- 
ing andaccumulating agreat quantity of caloric 
between the particles of bodies ; and this species 
of solution in caloric is usually called fusion^ 

This operation is commonly performed in 
vessels called crucibles, which must necessarily 
be less fusible than the bodies they are intend- 
ed to contain. Hence, in all ages, chemists have 
been extremely solicitous to procure crucibles 
of very refractory materials, or such as are ca- 
pable of resisting a very high degree of heat. 
The best are made of very pure clay or of porce- 
lain earth; whereas such as are made of clay 
mixed with calcareous or silicious earth are very 
fusible. All the crudbles made in the neighbour- 
hood of Paris are of this kind and consequent' 
ly unfit for most chenucal experiments. The 
Hessian crucibles are tolerably good; but 3ie 
best are made of liuM^es earth, whidi seems 
^olutely infusible; We have, in Fiance, a 
great many clays very fit for msdring cruciUes; 
such, for instance, is the kind used for making 
melting-pots at the g^ss-manufactcay df 
Qobm. , 

CxuciblaB aee^xmMle of various forms, accords 
ing to toe pperatiDin they are intended to 
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tom. Sevcmil of the most commoa kinds are 
represented Plate vii, Figs. 7, Sf 9f and W; the 
one represented at Fig. 6 is afanost shtit at ite 
mcnith, 

Thou^ fusion may often take place without 
changing the nature of the fused body, this op- 
eration is frequently employed as a chemi<^ 
meansofdecomposingandrecompoundingbod- 
ies. In this way all the metals are extracted 
from their ores; and, by this process, they are 
revivified; moulded, and alloyed with each oth- 
er. By this process Sand and alkali are combined 
to form glass, and by it likewise pastes, or col- 
oured stones, enamels, &c. are formed. 

The action of violent fire was much more 
frequently employed by the ancient chemists 
than it is in modern experiments. Since greater 
precision has been employed in philosophical 
researches, the humid has been preferred to the 
dry method of process, and fusion is seldom 
had recourse to until all the other means of 
analysis have failed. 

Section II Of Furruu^a 

These are instruments of most universal use 
in chemistry; and, as the success of a great 
number of experiments depends upon their be- 
ing well or ill constructed, it is of great import^ 
ance that a laboratory be well provided in this 
respect. A furnace is a kind of hollow cylindri- 
cal tower, sometimes widened above (Plate 
XIII, Fig. 1). ABCD, which must have at least 
two lateral openings; one in its upper part F, 
which is the door of the fire-place, and one be- 
low G, leading to the ash-faole. Between these 
the furnace is divided by a horizontal grate, in- 
tended for supporting the fuel, the situation of 
which is marked in the figure by the line HI. 
Though this be the least complicated of all the 
chemical furnaces, yet it is applicable to a great 
number of purposes. By it lead, tin, bismutii, 
and, ’in general, every substance which does 
not require a very strong fire, may be melted in 
crudbles; it will serve for metallic oxidations, 
for evaporatory vessels, and for sand baths, as 
in Plate ill. Figs. 1 and 2. To render it proper 
for these purposes, sev^al notdtes, mmmm 
(Plate till, Fig. i), are made in its upper edge, 
as otherwise any pan which might to placed 
over the fire wotdd stop the passage of the air, 
and prevent the fuel from burning. This fur- 
nace can only produce a moderate degree of 
h^ because the quantity of charood it is 
capable of oonsuming is limited by the quan^ 
tily of ^air #hioh is atowed to pass through the 
of the aslhhole. Its power might be 


condderaUy augmented by enlarging this op- 
ening, but then the great stream of air which is 
convenient for some operations might be hurt- 
ful in others: wherefore we must have furnaces 
of different forms, constructed for different pur- 
poses, in our laboratories. There ought espe- 
cially to to several of the kind now described 
of (Merent sizes. 

The reverberatory furnace (Plate xin, Fig\ 
2) is perhaps more necessary. This, like the 
common furnace, is composed of the ash-bole 
HIKL, the fire-place KLMN, the laboratory 
MNOP, and the dome RRSS, with its funnel 
or chimney TT W ; and to this last several ad- 
ditional tubes may be adapted, according to 
the nature of the different experiments. The 
retort A is placed in the division called the lab- 
oratory and supported by two bars of iron 
which run across the furnace, and its beak 
comes out at a round hole in the side of the 
furnace, one half of which is cut in the piece 
called the laboratory and the other in the dome. 
In most of the ready-made reverberatory fur- 
naces which are sold by the potters at Paris, 
the openings both above and below are too 
small. These do not allow a sufficient volume 
of air to pass through; hence, as the quantity 
of charcoal consumed, or, which is much the 
same thing, the quantity of caloric disengaged 
is nearly in proportion to the quantity of air 
which passes through the furnace, these fur- 
naces do not produce a sufficient effect in a 
great number of experiments. To remedy this 
defect, there ought to be two openings GG to 
the ash-hole; one of these is shut up when only 
a moderate fire is required; and both are kept 
open when the strongest power of the furnace 
is to be exerted. The opening of the dome SS 
ought likewise to be considerably larger than 
is usually made. 

It is of great importance not to employ re- 
torts of too large size in proportion to the fur- 
nace, as a sufficient space ought always to to 
allowed for the passage of the air between the 
sides of the furnace and the vessel. The retort 
A in the figure is too small for the size of the 
furnace, yet I find it more easy to point but the 
OTor <3ian to correct it. The intention of the 
dome is to oblige the fiame and heat to sui^ 
round and strike back or reverberate upon ev** 
ery part of the retort, whence the fiimaee gets 
the name of reverberatory. Without thie d]> 
eumstance the retort would only be heated in 
its bottom, the vapours raised eon- 

tained substance would condense in the upper 
part, anda continual eohabitaton would talee 
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place without anytiung passing over into the 
receiver; but, by means of the dome, the retort 
is ^ually heated in every part, and the vapoum 
being forced out can only condense in the neck 
of the retort or in the recipient. 

To prevent the bottom of the retort from be- 
ing either heated or cooled too suddenly, it is 
sometimes placed in a small sand bath of baked 
clay, standing upon the cross bars of the fur- 
nace. Likewise, in many operations, the retorts 
are coated over with lutes, some of which are 
intended to preserve them from the too sudden 
influence of heat or of cold, while others ate for 
sustaining the glass, or forming a kind of sec- 
ond retort, which supports the glass one during 
operations wherein thestrength of the fire might 
soften it. The former is made of brick-clay with 
a little cow’s hair beat up along with it, into a 
paste or mortar, and spread over the glass or 
stone retorts. The latter is made of pure clay 
and pounded stone-ware mixed together and 
used in the same manner. This dries and hard- 
ens by the fire, so as to form a true supplemen- 
tary retort capable of retaining the materials, 
if the glass retort below should crack or soften. 
But, in experiments which are intended for col- 
lecting gases, this lute, being porous, is of no 
manner of use. 

In a great many experiments wherein very 
violent fire is not required, the reverberatory 
furnace may be used as a melting one, by leav- 
ing out the piece called the laboratory and plac- 
ing the dome immediately upon the fireplace, 
as represented Plate xiii, Ftg, 3, The furnace 
represented in Fig, 4 is very convenient for fus- 
ions; it is composed of the fire-place and ash- 
hole ABD, without a door, and having a hole 
£, which receives the muzzle of a pair of bel- 
lows strongly luted on, and the dome ABGH, 
which ought to be rather lower than is repre- 
sented in the figure. This furnace is not capa- 
ble of producing a very strong heat but is suf- 
ficient for ordinary operations and may be read- 
ily moved to any part of the laboratory where 
it is wanted. Though these particular furnaces 
are very convenient, every laboratory must be 
provid^ with a forge furnace, having a good 
pair of bellows, or, what is more necessary, a 
powerful melting fomace. I shall describe the 
one I use, with the principles upon which it is 
constructed. 

The air circulates in a furnace in consequence 
of b^ng heated in its passage through the burn- 
ing coeds; it dilates and, booming lighter than 
the sunotmdmg air> is forced to rise upwards 
hy Ae isressure of the lateral columns of air,, 


and is replaced by fresh air from all sides, espe- 
cially from below. This circulation of air even 
takes place when coals are burnt in a common 
chaffing dish ; but we can readily conceive, that, 
in a furnace open on all sides, the mass of air 
which passes, all other circumstances being 
equal, cannot be so great as when it is obliged 
to pass through a furnace in the shape of a hol- 
low tower, like most of the chemical furnaces, 
and consequently that the combustion must be 
more rapid in a furnace of this latter con- 
struction. Suppose, for instance, the furnace 
ABCDEF open above and filled with burning 
coals, theforce with which theair passes through 
the coals will be in proportion to the difference 
between the specific gravity of t™ columns 
equal to AC, the one of cold air without, and 
the other of heated air within th0 furnace. 
There must be some heated air above|the open- 
ing AB, and the fuperior levity of this ought 
likewise to be taken into consideration; but, as 
this portion is continually cooled and carried 
off by the external air, it cannot produce any 
great effect. 

But, if we add to this furnace a large hollow 
tube GRAB of the same diameter, which pre- 
serves the air which has been heated by the 
burning coals from being cooled and dispersed 
by the surrounding air, the difference of specific 
gravity which causes the circulation will then 
be between two columns equal to GC. Hence, 
if GC be three times the length of AC, the cir- 
culation will have treble force. This is upon the 
supposition that the air in GHCD is as much 
heated as what is contained in ABCD, which 
is not strictly the case, because the heat must 
decrease between AB and GH; but, as the air 
in GRAB is much warmer than the external 
air, it follows that the addition of the tube must 
increase the rapidity of the stream of air, that 
a larger quantity must pass through the coals, 
and consequently that a greater degree of com- 
bustion must take place. 

We must notj however, conclude from these 
principles, that the length of this tube ought to 
be indefinitely prolonged; for, since the heat of 
the air gradually diminishes in passing from 
AB to GH, even from the contact of the sides 
of the tube, if the tube were prolonged to a 
certain degree, we would at last come to a point 
where the specific gravity of the includ^ air 
would be equal to the air without; and, in this 
ease, as the cool air would no longer tend to rise 
upwards, it would become a gravitating mass, 
resisting the ascension of the air below^ 
sides, as this air, which has served for oexmbus- 
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tion, is necessarily mixed with carbonic add 
gaSf which is considerably heavier than com« 
mon air, if the tube were made long enough, 
the air might at last approach so near to the 
temperature of the external air as even to grav- 
itate downwards; hence we must conclude that 
the length of the tube added to a furnace must 
have some limit beyond which it weakens in- 
stead of strengthening the force of the fire. 

From these reflections it follows that the first 
foot of tube added to a furnace produces more 
effect than the sixth, and the sixth more than 
the tenth; but we have no data to ascertain at 
what height we ought to stop. This limit of use- 
ful addition is so much the farther in propor- 
tion as the materials of the tube are weaker 
conductors of heat, because the air will thereby 
be so much less cooled; hence baked earth is 
much to be preferred to plate iron. It would be 
even of consequence to make the tube double, 
and to fill the interval with rammed charcoal, 
which is one of the worst conductors of heat 
known; by this the refrigeration of the air will 
be retarded, and the rapidity of the stream of 
air consequently increased ; and, by this means, 
the tube may be made so much the longer. 

As the fire-place is the hottest part of a fur- 
nace, and the part where the air is most dilated 
in its passage, this part ought to made with a 
considerable widening or belly. This is the more 
necessary, as it is intended to contain the 
charcoal and crucible, as well as for the pass- 
age of the air which supports, or rather pro- 
duces the combustion; hence we only allow the 
interstices between the coals for the passage 
of the air. 

From these principles my melting furnace is 
constructed, which I believe is at least equal in 
power to any hitherto made, though 1 by no 
means pretend that it possesses the greatest 
possible intensity that can be produced in chem- 
ical furnaces. The augmentation of the volume 
of air produced during its passage through a 
melting furnace not being hitherto ascertained 
fromexperiment,wearestill unacquainted with 
the proportions which should exist between the 
inferior and superior apertures, and the abso- 
lute sise of which these openings should be 
made is still less understood; hence data are 
wanting by which to proceed upon principle, 
and we can only accomplish the end in view by 
repeated trials* 

This furnace, which, according to the above 
stated rules, is in form of an eliptical spheroid, 
is repre^ted Plate xni, Fig. 6, ABCD; it is 
cut off at the two ends by two planes, which 


p^, perpendicular to the axis, through the fo- 
ci of the dipse. From this shape it is capable of 
containing a considerable quantity of charcoal, 
while it leaves sufficient space in the intervals 
for the passage of the air. TWt no obstacle may 
oppose the free access of external air, it is per- 
fectly open bdow, after the model of M. Mas- 
quer’s melting furnace, and stands upon an iron 
tripod. The grate is made of flat bars set on 
edge, and with considerable interstices. To the 
upper part is added a chimney, or tube, of baked 
earth, ABFG, about eighteen feet long, and al- 
most half the diameter of the furnace. Though 
this furnace produces a greater heat than any 
hitherto employed by chemists, it is still sus- 
ceptible of being considerably increased in pow- 
er by the means already mentioned, the prlncii- 
pal of which is to render the tube as bad a 
conductor of heat as possible, by making it 
double, and filling the interval with ramo^ 
charcoal. 

When it is required to know if lead contains 
any mixture of gold or silver, it is heated in a 
strong fire in capsules of calcined bones, which 
are called cupels. The lead is oxidated, becomes 
vitrified, and sinks into the substance of the 
cupel, while the gold or silver, being incapable 
of oxidation, remain pure. As lead will not oxi- 
date without free access of air, this operation 
cannot be performed in a crucible placed in the 
middle of the burning coals of a furnace, be- 
cause the internal air, being mostly already re- 
duced by the combustion into azotic and car- 
bonic acid gas, is no longer fit for the oxidation 
of metals. It was therefore necessary to con- 
trive a particular apparatus, in which the metal 
should be at the same time exposed to the in- 
fluence of violent heat and defended from con- 
tact with air rendered incombustible by its pas- 
sage through burning coals. The furnace in- 
tended for answering this double purpose is 
called the cupelling or essay furnace. It is usu- 
ally made of a square form, as represented 
Plate xui, Figs. 8 and 10, having an ash-hole 
AABB,afii^placeBBCC,alaboratory CCDD, 
and a dome DDES. The muffle or small oven 
of baked earth GH (Fig. 9) being placed m the 
laboratory of the furnace upon cross bass of 
iron, is adjusted to the opening GG, and luted 
with clay softened in water. The cupels are 
placed in this oven or muffle, and charcoal is 
conveyed into the furnace through the open- 
ings erf the dome and fire-place. The external 
air enters tluough the openings of the ash-«bole 
for supporting t^e coml^tion, knd Escapes by 
the superior opening or chimney at EE; and 
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. Very httle reflection is sufficient to diso6m 
the erroneous principles upon T^hich this fur- 
nace iS GOnstructed. When the opting OO is 
shut, the oxidation isproduced slowly and with 
difficulty, for want of air to catry it on; end, 
when this hole is open, the stream of cdd air 
which is then admitted fixes the metal and ob- 
^anets the process. These inconveniences may 
be easily remedied, by constructing the muffie 
and furnace in such a manner that a stream of 
fresh external air should always play upon the 
surface of the metal, and this air ahoutd be 
made to pass through a pipe of clay kept con- 
tinually red hot by the fire of the furnace. By 
this means, the inside of the muffie will never 
be cooled, and processes will be finished in a 
few Minutes which at present require a consid- 
embte space of time. 

M. Sage remedies these inconveniefioes in a 
different manner; he places the cupel contain- 
ing lead, alloyed with gold or silver, amongst 
(ihe charcoal of an ordinary furnace and eov- 
md by a small porcelain muffie; whCn the 
whole is sufficiently heated, he directs the blast 
of a common pair of hand-bellows Upon the 
surface of the metal and completes the cu- 
pellation in this way with great ease and 
exactness. 

SiDcnoK ni Of Increasing the Action oJ Fire 
. by U'Hng Oxygen Gas Instead of Atmospher- 
, icAir 

'.By means of large burning glasses, such as 
those of Tchimausen and M. de Trudaine, a 
degree of heat is obtained somewhat greater 
than has hitherto been produced in chemical 
fumaees; or evenM the ovens of fmmaoes used 
far baking hard porcelain. But these instru- 
ments are extremely expensive, and do not 
evm produce heat sufficient to melt crude plat- 
inum; so that their advantages are byno means 
sufficient to compensate for the difficulty of 
{^lidciuihg, and even of using them. Concave 
nurrors produce somewhat more effect than 
bunmig’ passes of the same diameter, as is 
proved 1^ the experiments of MM, Macqner 
and Beaam6 withithe speculum of the 
Bmiriot; but^ as tibe direction of the reflected 
ra;^ is necessarily from below upwards, the 
substance to be operated upon must be placed 
fe Uieair without any auppoit, which renders 
akMt^^^iemicai expezhnenii ^impostible to be 
pdrlormedt^ 

l ^d^tbM reasima* I flict endeavour 


bladders with it, and maMtig it passthrou^ a 
tube capable of being shut by a stop cock; and 
in this way I suc^ded in causing ft to support 
the combustion of lighted charcoal. The inten- 
sity of the heat produced, even in my first at- 
tempt^ was so great as readily to melt a smaU 
quantity of crude platinum. To the success of 
this attempt is owing theidea of the gasometer, 
described p. 91 et seq., which I substituted in- 
stead of the bladders; and, as we can give the 
oxygen gas any necessary degree of pressure, 
we can with this instrument keep up a contin- 
ued str^isifn and give it even a very cc^iderable 
force. I 

The onlyapparatusnecessaryforesmeriments 
of this kind consists of a small tame ABCD 
(Plate XII, Fig. 15), with a hole F\ through 
which passes a tube of copper or silv^, ending 
in a very small opening at G, and cc^able of 
being opened or shut by the stop-cock H. This 
tube is continued below the table at 2 m n o and 
ia connected with the interior cavity of the ga- 
someter. When we mean to operate, a hole of a 
few lines deep must be made with a chisel in a 
piece of charcoal, into which the substance to 
be treated is laid; the charcoal is set on fire by 
means of a candle and blow-pipe, after which 
it is exposed to a rapid stream of oxygen gas 
from the extremity G of the tube PG. 

This manner of operating can only be used 
with such bodies as can be placed, without in- 
convenience, in contact with charcoal, such as 
metals, simple earths, <kc. But, for bodies whose 
elements have affinity to charcoal, and which 
are consequently decomposed by that sub- 
stance, such as sulphates, phosphates, and most 
of the neutral salts, metollio glasses, enamels, 
&e., we must use a lamp and make the stream 
of oxygen ^as pass through its flame. For this 
purpose, we use the elbowed blow-pipe ST, in- 
stead of the bent one FG, employed with char- 
coal. The heat produced in this second manner 
is by no means so intense aS in the former Way 
and is very difficultly made to melt platinum. 
In this manner of operating with the lamp, the 
Bubstanbes are placed in cupels of calcined 
bones, or little cups of porcelain, or even in me- 
tallie dishes. If these 1^ are suffici^tly large, 
the^rdo not melt, because, metals being good 
conductors of heat, the caloric spreads rapidly 
through the whole mass, so that none of its 
parts are very mu<di heated. 

In the BscaeU de VAmdimie for- 1788, p. 476, 
and for 1783, p.473, the series d experiments 
1 httve made with tUS a^mlus may be seen 



CHEMISTRY 138 


at large. The foliowing are same of the princi- 
pal results. 

1. Rock crystal, or pure silicious earth, is in- 
fusible, but Incomes capable of being softened 
or fused when mixed with other substances. 

2. Lime, magnesia, and barytes, are infusi- 
ble, either when alone, or when combined to- 
gether; but, especially lime, they assist the fu- 
sion of every other body. 

3. Argill, or pure base of alum, is completely 
fusible per se into a very hard opaque vitreous 
substance, which scratches glass like the preci- 
ous stones. 

4. All the compound earths and stones are 
readily fused into a brownish glass. 

5. All the saline substances, even fixed alkali, 
are volatilized in a few seconds. 

6. Gold, silver, and probably platinum, are 
slowly volatilized without any particular phe- 
nomenon. 

7. All other metallic substances, except mer- 
cury, become oxidated, though placed upon 
charcoal, and burn with different coloured 
flames and at last dissipate altogether. 

8. The metallic oxides likewise all burn with 
flames. This seems to form a distinctive char- 
acter for these substances, and even leads me 
to believe, as was suspected by Bergman, that 
barytes is a metallic oxide, though we have not 
hitherto been able to obtain the metal in its 
pure or reguline state. 

9. Some of the precious stones, as rubies, are 
capable of being softened and soldered togeth- 
er, without injuring their colour or even dimin- 
ishing their weights. The hyacinth, tho^ almost 
equally fixed with the ruby, loses its colour 
very readily. The Saxon and Brazilian topaz, 
and the Brazilian ruby, lose their colour very 


quickly and lose about a fifth of their wei^t, 
leaving a white earth, resembling white quartz 
or unglazed china. The emerald, chryfiK)lite, 
and garnet, are almost instantly melted into 
an opaque and coloured glass. 

10. The diamond presents a property peculi- 
ar to itself; it burns in the same manner with 
combustible bodies and is entirely dissipated. 

There is yet another manner of emplo 3 ring 
oxygen gas for considerably increasing the force 
of fire, by using it to blow a furnace. M. Achard 
first conceived this idea; but the process he 
employed, by which he thought to dephlogist- 
icate, as it is called, atmospheric air, or to de- 
prive it of azotic gas, is absolutely unsatisfac- 
tory. I propose to construct a very simple fur- 
nace for this purpose, of very refractory earth, 
similar to the one represented Plate xiii, Fig. 
4, but smaller in all its dimensions. It is to have 
Wo openings, as at E, through one of which 
the nozzle of a pair of bellows is to pass, by 
which the heat is to be raised as high as pos- 
sible with common air; after which, the stream 
of common air from the bellows being sudden- 
ly stopped, oxygen gas is to be admitted by a 
tube at the other opening, communicating with 
a gazometer having the pressure of four or five 
inches of water. I can in this manner unite 
the oxygen gas from several gasometers, so 
as to make eight or nine cubic feet of gas pass 
through the furnace ; and in this way I expect to 
produce a heat greatly more intense than any 
hitherto known. The upper orifice of the furnace 
must be carefully made of considerable dimen- 
sions, that the caloric produced may have free 
issue, lest the too sudden expansion of that 
highly elastic fluid should produce a dangerous 
explosion. 
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BIOGRAPHICAL NOTE 
Joseph Foubieb, 1768-18S0 


Foubibr was bom at Auxerre March 21, 1768, 
the son of a poor tailor. An orphan at eight, he 
was recommended by a friend to the Bishop of 
Auxerre, who obtained admission for him in 
the local military school conducted by the 
Benedictines of Saint-Maur. He quickly dis- 
tinguished himself as a student and showed 
distinct literary ability; at twelve he was writ- 
ing sermons which were often used with great 
effect in Paris. At the age of thirteen mathema^* 
tics began to attract him strongly. The pre- 
scribed hours of study did not suffice; he arose 
at night, concealed himself behind a screen, 
and by the light of candle-ends carefully col- 
lected during the day, pursued his mathemat- 
ical studies. When he was twenty-one he de- 
livered his first memoir before the Academy of 
Sciences on the resolution of numerical equa- 
tions of all degrees. 

Educated by monks in a military school, 
Fourier seems to have considered that only the 
army or the church could provide a career. 
With a strong recommendation from Legendre 
he applied for admission to the artillery. He 
was refused with the statement, ‘Tourier, not 
being of noble birth, cannot enter the artillery, 
not even if he is a second Newton.” He then 
entered the Benedictine Order, where he re- 
mained as a novice from 1787 to 1789. Upon 
the outbreak of the Revolution he left the con- 
vent, although this did not result in any break 
with the Benedictines, since they immediately 
appointed him to the principal chair of math- 
ematics at their school in Auxerre. When his 
colleagues became ill, he took their place, and 
besides teaching mathematics he also lectured 
on rhetoric, history, and philosophy. 

At Auxerre, Fourier embraced the cause of 
the Revolution, joined the peoples’ party, and 
served as publicist, recruiting agent, and mem- 
ber of the Citizens’ Committee of Surveillance; 
in this last function he exercised such modera- 
tion that he was hin^lf in danger from the 
Terror. When, in 1794, the Normal School was 
instituted at Paris to train a specially selected 
group of new teachers, Fourier was among the 


fifteenhundred that were chosen, and, although 
he began as a student, he was soon made a 
“master of conference.” The school failed after 
a short time, but Fourier had so impressed the 
authorities that when the Polytechnic School 
was founded, he was appointed to its faculty, 
first as “superintendent of lectures on fortificar 
tion” and then as “lecturer on analysis.” 

Napoleon sometimes attended the sessions 
at the Pol 3 rtechnic School, and when he organ- 
ized the expedition to Egypt in 1798, Fourier 
was asked to be a part of it, although he was 
not informed of the role he was expected to 
play. Fourier was in Egypt for three years, en- 
gaged in the most varied activities : organizing 
factories for the army, constructing machines, 
leading scientific expeditions, and executing 
numerous administrative tasks. He acted as 
the representative of the general-in-chief, re- 
ceiving complaints from the Egyptian poput 
lace, and for one period was virtually governor 
of half of Egypt. On the death of General Kldber 
he was called upon to present a eulogy before 
the French Army. As secretary of the Institute 
of Cairo he instigated the collection of materi- 
als for the famous Descriptim of Egypt In col- 
laboration with Napoleon he wrote the histor- 
ical introduction to this work, which established 
his literary reputation and eventually won him 
membership in the French Academy. 

On his return to France in 1802 Fourier was 
appointed prefect of the D4partement of Isbre 
and for the next thirteen years lived at Gren- 
oble. He composed the disputes between the 
different parties and brought order out of the 
confusion left by the Revolution in his province. 
As part of a general policy of public improve- 
ments, he initiated an extensive road-building 
project and undertook the reclamation of 
marsh-lands which had been the source of in- 
fection for thirty-seven communes. In recog- 
nition of his services he was created Baron d 
the Empire in 1808. 

His many administrative duties as prefect of 
Isdre did not interrupt his work as a mathema- 
tician and man of letters. He conducted inves- 
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tigations into the motions of heat in solid bodies 
\nth the aim of reducing them to mathematical 
formulation, and in 1807 submitted his first 
paper on the subject to the Academy of Bdn; 
ences. To induce the author to extend and im- 
prove his researches the Academy assigned as 
the problem for its prize competition of 1812, 
''The mathematical theory of the laws of the 
propagation of heat and the comparison of the 
results of this theory with exact experiment.” 
The judges were Laplace, Lagrange, and Le- 
gend^, and they awarded the prize to Fourier 
for his memoir in two parts, Thiorie des ihouoe- 
ments de la chaleur danb tes carps solides. The 
first part was republished in 1822 as the ThS^ 
dfie Analyiiqtie h la Chaleur. 

' Fourier continued to hold his position as pre- 
fect through the Revolution of 1814, but Na- 
pdeon’s return fromElbaproved to be his polit- 
ical downffdl. As Napoleon was approaching 
Grenoble, Fourier went to Lyons to notify the 
Bourbom that the city would undoubtedly ca- 
pitulate. They refused to believe him and made 
him responsible for the safety of the city. Upon 
his return to Grenoble, which had surrendered, 
he was taken prisoner and brought before the 
Emperor. Napoleon confronted him : "You also 
have declared war against me? ... It only 
grieves me to see among my enemies an Egyp- 
Mdfif a man who has eaten along with me the 


bread of the bivouac, an old friend. How, more- 
over, could you have forgotten, Monsieur 
Fourier, that I have made you what you are?” 
pPGurier’S:|oyaity was re-established, although 
he did not share Napoleon's confidence of vic- 
tory. The end of the Hundred Days and the 
Restoration found him deprived of political of- 
fice, in disgrace, and almost penniless. 

A friend and former pupil who was prefect of 
Paris made it possible for him to become Direc- 
tor of the Bureau of Statistics, which he re- 
mained until his death. His political past, how- 
ever, did not prevent renewed recognition of 
his scientific abilities. In 1816 he Was proposed 
for membership in the Academ}^ of Sciences, 
and although Louis XVIII refus^ his consmit 
at that time, he became a member the follow-^ 
ing year. He was made permanent secretary of 
the Division of Mathematical Sciences in 1822, 
member of the French Academy in' 1826, and 
a year later succeeded Laplace as President of 
the Council for Improving the Polytechnic 
School. In 1828 he ^came a membei* ofthe 
government commission established for the en- 
couragement of literature. 

He died May 16, 1830, of aneurism' of (he 
heart, which had been aggravated by his habit 
of wrapping himself in all seasons like "an 
Eg 3 rptian mummy” and living in airless rooms 
at an excessively high temperature. 
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PRELIMINARY PISCOUBSE 


Pbimabt causes are unknown to us; but are subject to ample and constant 
laws, which may be discovered by observation, the study of them being the 
object of natural philosophy. 

Heat, like gravity, penetrates every substance of the umverse, its rays occu- 
py all parts of space. The object oi our work is to set forth the mathematical 
laws which this element, obeys. The theory of heat will hereafter form one of 
the most important branches of general physics. 

The knowledge of rational mechanics, which the most ancient nations had 
been able to acquire, has not come down to us, and the history of this sciorce, 
if we except the first theorems in harmony, is not traced up beyoird the dis- 
coveries of Archimedes. This great geometer explained the mathematical 
principles of the equilibrium of solids and fluids. About dghteen centuries 
elapsed before Galileo, the originator of d3rnamical theories, discovered the 
laws of motion of heavy bodies. Within tibis new sciorce Newton comprised the 
whole system of the universe. The successors of these philosophers have ex- 
tended these theories, and given them an admirable perfection; they have 
taught us that the most diverse phenomena are subject to a small number of 
fundamental laws which are reproduced in all the actS'of nature. It is recog- 
nised that the same principles regulate all the movements of the stars, thdr 
form, the inequalities of their courses, the equilibrium and the oscillations of 
the seas, the harmonic vibrations ctf air mid sonorous bodies, the transmisdon 
of light, capillary actions^ the undulatious of fluids, in fine the most complex 
effects of all the natural forces, and thus has the thought of Newton been cmi- 
firmed; quod tarn paiuais tarn muUa proMiet geomotria gUmatur, 

But whatever may be the range of mechanical theories, th^ do not apply 
to the effects of heat. These make up a special ordm* of phenomena, which can- 
not be explained by the principles of motion and equilibrium. We have for a 
long time been in possession of in^miious instruments adapted to measure 
many of these effects; valuable obrervations have been collected; but in this 
manner partial results only haVe become known, and not the mathematics 
demonsts'ation of the laws wimdi include them a^. 

> I have deduced these laws from prolmi^ study and attentive com^risoh 
of the facts known up to this time: dl these facts I have observed afredr in the 
course of several years with the most exact instruments that have Mthmto 
been ui^. - 

To found the theory,’ it was in the first place necessary to distiaguidi’ and 
define with precision the elementary prope^es which determine the action 
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heat. I thm perceived that all the phenomena which depend on this action re* 
solve themselves into a very small number of general and simple facts; where- 
by every physical problem of this kind is brought back to an investigation of 
mathematical analysis. From these general facts I have concluded that to de- 
termine numerically the most varied movements of heat, it is sufficient to sub- 
mit each substance to three fundamental observations. Different bodies in fact 
do not possess in the same degree the power to contain heat, to receive or trana- 
mit it across their surfaces, nor to conduct it through the interior of their masses. 
These are the three specific qualities which our theory clearly distinguishes 
and shews how to measure. 

It is easy to judge how much these researches concern the physical sciences 
and civil economy, and what may be their infiuence on the progress of the arts 
which require the employment and distribution of heat. They have also a 
necessary connection with the system of the world; dhd their relations becon^ 
known when we consider the grand phenomena which take place near the sur- 
face of the terrestrial globe. A 

In fact, the radiation of the sun in which this planet is incessantly plungedl 
penetrates the air, the earth, and the waters; its elements are divided, change, 
in direction every way, and, penetrating the mass of the globe, would raise its\ 
mean temperature more and more, if the heat acquired were not exactly bal- 
anced by that which escapes in rays from ail points of the surface and expands 
through the sky. 

Different clmates, unequally exposed to the action of solar heat, have, after 
an immense time, acquired the temperatures proper to their situation. This 
effect is modifi^ by several accessory causes, such as elevation, the form of the 
ground, the neighbourhood and extent of continents and seas, the state of the 
surface, the direction of the winds. 

of (toy and night, the alternations of the seasons occarion in 
the solid earth periodic variations, which are repeated every day or every year: 
but these changes become less and less sensible as the point at which they are 
measur^ ^edes from the surface. No diurnal variation can be detected at the 
depth of about t^ metres [ten feetj; and the annual variations cease to be 
appreciable at a depth much less than sbety metres. The temperature at great 
dep^ IS then senably feed at a given place: but it is not the same at all points 
of^e s^e menffian; m general it rises as the equator is approached. 

^ co^unicated to the terrestrial globe, and 
wffich has produced the diversity of clunates, is now subject to a movement 
which has become umfoim. It advances within the interior of the mass which 
it penetrates throughout, and at the same time recedes from the plane of the 
equator, wd proceeds to lose itself across the polar regions. 

In the hij^er regions of the atmosphere the air is very riae and transnarent 
and retaiM but a minute part of the heat of the solar rays: this is thT^ZTof 
the excessive cold of elevated places. The lower » .1 v 
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of the son, and the bottom of the ba^dn which contains them is heated very 
unequally from the poles to the equator. These two causes, ever present, and 
comHned with gravity and the centrifugal force, keep up vast movem«its in 
the interior the seas. They displace and mingle all the parts, and produce 
those general and regular currents which navigators have notic^. 

Radiant heat which escapes from the surface of all bodies, and traverses 
elastic media, or spaces vend of air, has special laws, and occurs with widely 
varied phenomena. The physical explanation of many of these facts is already 
known ; the mathematical theory which I have formed gives an exact measure ctf 
them. It consists, in a manner, in a new catoptrics which has its own theorems, 
and serves to determine by analysis all the effects of heat direct or reflected. 

The enumeration of the chief objects of the theory sufficiently diews the na^ 
ture of the questions which I have proposed to myself. What are the demen- 
tary properties which it is requisite to observe in each substance, and what are 
the experiments most suitable to determine them exactly? If the distribution 
of heat in solid matter is regulated by constant laws, what is the mathematical 
expression of those laws, and by what analysis may we derive from this expres- 
sion the complete solution of the principal problems? Why do terrestrial tem- 
peratures cease to be variable at a depth so small with respect to the radius of 
the earth? Eveiy inequality in the movement of this planet necessarily occa- 
sioning an oscillation of the solar heat beneath the surface, what relation is 
there between the duration of its period, and the depth at which the tempera- 
tures become constant? 

What time must have elapsed before the climates could acquire the different 
temperatures which they now maintain; and what are the different causes 
which can now vary their mean heat? Why do not the annual changes alone in 
the distance of the sun from the earth, produce at the surface of the earth very 
considerable changes in the temperatures? 

From what characteristic can we ascertain that the earth has not aitirely 
lost its original heat; and what are the exact laws of the loss? 

If, as several observations indicate, this fundamental heat is not wholly dis- 
sipated, it must be immense at great depths, and nevertheless it has no senrable 
influence at the present time on the mean temperature of the climates. The 
effects which are observed in them are due to the action of the solar rays. But 
independently of these two sources of heat, the one fundamental and primitive 
proper to the terrestrial globe, the other due to the presence of the sun, is there 
not a more universal cause, which determines the temperatxere of the heaoens, in 
that part of space which the solar system now occupies? Since the observed 
facts necessitate this cause, what are the consequences of an exact theory in 
this entirely new question; how shall we be able to determine that constant 
value of the temperature of space, and deduce from it the temperature which 
belongs to each planet? 

To these questions must be added others which depend on the properties (tf 
radiant h^t. The physical cause of the reflection oS cold, that is to say the 
reflectioU of a lesser degree heat, is very distinctly known; but what is the 
mathematical expression of this effect? 

On what general principles do the atmospheric temperatures depend, 
vhether fhe thermometer which measures them receives the solar rays direct- 
ly, on a surface metallic or unpbli^ed, or Whether this instrument remains ex-* 
posed, during the night, under a sky free from clouds, to wmtact with the air, 
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to.«u£Atioa frran terrestrial bodies, aod to that frMn the most distant and 
ooldeat parts of the atmosi^ere? . . ^ J 

, The mtenaty^ of the rays which escape from a i^t on toe suri^ Of aj^ 
heated body varying with their inclination according to a law which mcperst* 
ments have indicated, is there not a necessary mathematical relation between 
t hi« law and the general fact of the equilibrium of heat; and what is the physi- 

cal cause of this inequality in intensity? . . xi. • ^ i 

Lastly, when heat penetrates fluid masses, and determmes m them mten^ 
movements by continual changes of the temperature and density of e^h mole-^ 
cule, ca n we still express, by differential equations, the laws of such a com- 
pound effect; and what is the resulting change in the general equations of hy- 
drodynamics? 

Such are the chief problems which I have served, and which have never yet 
been submitted to calculation. If we consider furthfei* the m a n i f old relations ca 
this mathematical theory to civil uses and the technical arts, we^ shall , recogmto 
completely the extent of its applications. It is evident that it includes an enA 
tire series of distinct phenomena, and that the study of it cannot be omitted| 
without losing a notable part of the science of nature. ^ _ ' 

The principles of the theory are derived, as are those of rational mechanics, 
from a very small number of primary facts, the causes of which are not consid- 
ered by geometers, but which they admit as the results of common observa- 
tiems confirmed by all experiment. 

The differential equations of the propagation of heat express the most gen- 
eral conditions, and reduce the physical questions to problems of pure analysis, 
and this is the proper object of theory. They are not less rigorously established 
than the general equations of equilibrium and rnotiem. In order to make this 
comparison more perceptible, we have always preferred demonstrations ana- 
logous to those of the theorems which serve as the foundation of statics and 
dynunics. These equations still exist, but receive a different form, when they 
express the distribution of luminous heat in transparent bodies, or the move- 
ments which the changes of temperature and density occasion in the interior of 
fluids. The coefficients which they contain are subject to variations whose ex- 
act measure is not yet known, but in all the natural problems which it most 
concerns us to consider, the limits of temperature differ so little that we may 
omit the variations of these coefficients. 

The equations of the movement of heat, like those which express the vibra- 
tions of sonorous bodies, or the ultimate oscillations of liquids, belong to one 
of the most rectotly discovered branches of analysis, which it is very important 
to perfect. After having established these differential equations their integrals 
must be obtained; this process. consists in passing from a common expression to 
a paitti<mlM soluticm subject to all the given conditions. Tins difficult investiga- 
tion requires a special analysis founded on new theorems, whose object we 
could not in this place make known. The method which is derived from them 
leaves nothing vague and indeterminate in the solutions, it leads tharo to 
the final numraical applications, a necessary condition of every investigation, 
without which we should only arrive at usdess transformations. 

The same thewtois which have made known to us the equations o| the 
movanent of heat, apply directly to certain problems of general analysis and 
di^naimcs whose sdution has for a long time been desired. 
iRiofound stu(^ of nature is the most fertile source erf riiseovr 
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oeS^ has tbis'stady , in offering a ileternunate objeet to Investigation, 
the advantage of esceluding vague questions and calculalicms urithout issue; it is 
beades a sure method of forming anaiysiB itself, of diseovering the ele- 
m^ts which it ccmcetns us-to know, and which natural science ought always to 
pre^rve: these are the fundamental elements which are reproduced in all 
natural effects. 

We see, for example, that the same mcpresaon whose abstract properties 
{^meters had considered, and which in this respect belongs to general analy- 
sis, represents as well the motion of light in the atmosphere, as it determines 
the laws of diffusion of heat in solid matter, and enters into ^ the chidE prob- 
lems of the themy of probability. 

The analytical equations, unknown to the ancient geometers, which Des- 
cartes was the first to introduce into the study of curves and surfaces, are not 
restricted to the properties of figures, and to those prc^rties which are the 
object of rational mechanics; they extend to all general phenomena. There caur 
not be a language more universal and more ample, more free from errors and 
from obscurities, that is to say more worthy to express the invariable relaticms 

natural things. 

Considered from this point of view, mathematical analysis is as extenave as 
nature itself ; it defines all perceptible relations, measures times, spaces, forees, 
temperatures; this difi&cult sciaice is formed slowly, but it preserves every 
principle which it has once acquired; it grows and strengthens itself incessantly 
in the midst of the many variations and errors of the human mind. 

Its chief attribute is clearness; it has no marks to express confused notions. 
It brings together phenomena the most diverse, and discovers the hidden anal- 
ogies which unite them. If matter escapes us, as that of air and light, by its ex- 
treme tenuity, if bodies are placed far from us in the immensity of space, if man 
wishes to know the aspect of the heavens at successive epoc^ separated by a 
great number of centuries, if the actions of gravity and of heat are exerted in 
the interior of the earth at depths which will be always inaccessible, mathe- 
matical analysis can yet lay hold of the laws of these phenomena. It makes 
them present and measurable, and seems to be a faculty of the human mind 
destined to supplement the shortness of life and the imperfection of the senses; 
and what is still more remarkable, it fcJlows the same course in the study of all 
phenomena; it interprets them by the srame language, as if to attest the \inity 
and simplicity the plan of the universe, and to make still m<»e evidmt that 
unchangeable order which pretides over all natural causes. - 

The problems of the theory of heat present so many examides of the timple 
and constant dispositions which spring from the general laws of nature; and 
if the order which is established in these phenomena could be grasped by our 
senses, it would produce in us an impression comparaUe to tiie sensation of 
mutical sound. 

< The forms oS bodies are infinitely varied; the distribution of the heat whidi 
penetrates them seems to be arbitrary mid ecmfused; but all the inequidities 
are rapidly cancelled and ; disappear , as time passes on. The progrera cd Ihe 
^heii^mencn becomes more regular and simpler, rtinains finally subj^t to a 
^finite law which is tlM same in all oases, and which bears no sensible impress 
(rf the initial arrangemotit. ^ ' 

' observation oonfinns these oonsequmices. The analysis from which 
are derived eeparates mid ejqpveeeee dearly : first, the general ccmditiens, tha^ ki 
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to say those which spring from the natural properties of heatt ; second, fiie efFect,< 
accidental but continued, of the form or state of the surfaces; third, the effect, 
not pmnanent, of the primitive distribution. 

In this work we have demonstrated all the principles of the theory of heat, 
and solved all the fundamental problems. They could have been explained 
more concisely by omitting the simpler problems, and presenting in the first 
instance the most general results; but we wished to shew the actual origin of 
the theory and its gradual progress. When this knowledge has been acquired 
and the principles thoroughly fixed, it is preferable to employ at once the most 
extended analytical methods, as we have done in the later investigations. This 
is also the course which we shall hereafter follow in the memoirs which will be 
added to this work, and which will form in some manner its complement; and 
by this means we shall have reconciled, so far as it .can depend on ourselves, 
the necessary development of principles with the precision which becomes the 
applications of analysis. T 

The subjects of these memoirs will be, the theory of radiant heat, the prol> 
lem of the terrestrial temperatures, that of the temperature of dwellings, the 
comparison of theoretic results with those which we have observed in difference 
experiments, lastly the demonstrations of the differential equations of the* 
movement of heat in fluids. 

^ The work which we now publish has been written a long time since; different 
circumstan^s have delayed and often interrupted the printing of it. In this 
interval, science has been enriched by important observations; the principles 
of our analysis, which had not at first been grasped, have become better 
known ; the results which we had deduced from them have been discussed and 
wnfirmed. We ourselves have applied these principles to new problems, and 
have changed the form of some of the proofs. The delays of publication ^vill 
have contributed to make the work clearer and more complete. 

. subject of our first analytical investigations on the transfer of heat was 
Its distrmution amongst separated masses; these have been preserved in Chap- 
ter IV, Section II* The problems relative to continuous bodies, which form the 
theory nghtly so called, were solved many years afterwards; this theory was 
flamed for the^first time in a manuscript work forwarded to the Institute of 
^ance at the end of the year 1807, an extract from which was published in the 
BuUettn des Sciences (Soam Philomatique, year 1808, page 112). We added to 
this memoir, and successively forwarded very extensive Ltes, conceminir the 
convergence of senes, the diffusion of heat in an infinite prism its emis^iSn in 
spaces void of air, the constructions suitable for exhibiting the chief theorems 

to be ^rted inthecoUection'of the Academy of Scienci it 
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be treated in the subsequent memoirs at greater length, and, if it be in otur 
power, with greater clearness. The results of our labours concerning the same 
problems are also indicated in several articles already published. The extract 
inserted in the Annales de Chimie et de Physique shews the aggregate of our 
researches (Vol. in, page 350, year 1816). We published in the Annales two 
separate notes, concerning radiant heat (Vol. iv, page 128, year 1817, and 
Vol. VI, page 259, year 1817). 

Several other articles of the same collection present the most constant 
results of theory and observation; the utility and the extent of thermological 
knowledge could not be better appreciated than by the celebrated editors of 
the Annales. * 

In the Bulletin des Sciences (SocUtS phUomaiique year 1818, page 1, and year 
1820, page 60) will be found an extract from a memoir on the constant or vari- 
able temperature of dwellings, and an explanation of the chief consequences of 
our analysis of the terrestrial temperatures. 

M. Alexandre de Humboldt, whose researches embrace all the great prob- 
lems of natural philosophy, has considered the observations of the tempera- 
tures proper to the different climates from a novel and very important point 
of view (Memoir on Isothermal lines, SociMe d’Arcueil, Vol. iii, page 462); 
(Memoir on the inferior limit of perpetual snow, Annales de Chimie et de 
Physique, Vol. v, page 102, year 1817). 

As to the differential equations of the movement of heat in fluids mention 
has been made of them in the annual history of the Academy of Sciences. The 
extract from our memoir shews clearly its object and principle. (Analyse des 
travaux de VAcatUmie des Sciences, by M. De Lambre, year 1820.) 

The examination of the repulsive forces produced by heat, which determine 
the statical properties of gases, does not belong to the analytical subject which 
we have considered. This question connected with the theory of radiant heat 
has just been discussed by the illustrious author of the M6canique cileste, to 
whom all the chief branches of mathematical analysis owe important discov- 
mes. (Connaissance des Temps, years 1824-5.) 

The new theories explained in our work are united for ever to the mathe- 
matical sciences, and rest like them on invariable foundations; all the elements 
which they at present possess they will preserve, and will continually acquire 
greater extent. Instruments mil be perfected and experiments multiplied. The 
analysis which we have formed will be deduced from more general, that is to 
say, more simple and more fertile methods common to many classes of phe- 
nomena. For all substances, solid or liquid, for vapours and permanent gases, 
determinations will be made of all the specific qualities relating to heat, and 
of the variations of the coefficients which express them. At different stations on 
the earth observations will be made, of the temperatures of the ground at dif- 
ferent depths, of the intensity of the solar heat and its effects, constant or vari- 
able, in the atmosphere, in the ocean and in lakes; and the constant tempera- 
ture of the heavens proper to the planetary regions will become known. Ibe 
theory itself will direct all these measures, and assign their precision. No con- 
cdderable pn^ress can hereafter be made which is not founded on experiments 
such as these; for mathematical analysis can deduce from general and simple 
p he n oTnena. the expression of the laws of nature; but the special application of 
thaaft laws to very complex effects demands a long series of exact obaervations. 
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Introduction 


SEC5TION I. Statement of the Object of (he Work 

1. The effects of heat are subject to constant laws which cannot be discovered 
without the aid of mathematical analysis. The object of the theory which we 
are about to explain is to demonstrate these laws; it reduces all physical re- 
searches on the propt^ation of heat, to problems of the integral calculus whose 
elements are given by ^periment. No subject has more exteiudve relations 
with the progress of industry and the natural sciences; for the action of heat 
is always present, it penetrates all bodies mid spaces, it influences the processes 
of the arte, and occurs in all the phenomena of the universe. 

When heat is imequally distributed among the different parte of a solid mass, 
it tends to attain equilibrium, and passes slowly from the parte which are 
more heated to those which are less; and at the same time it is dissipated at 
the surface, and lost in the medium or in the void. The tendency to uniform 
distribution and the spontaneous emistion which acts at the surface of bodies, 
change continually the temperature at thdr different points. The problem 
of the propagation of heat consists in determining what is the temperature at 
each point of a body at a given instant, supposing that the initial temperatures 
are known. The following examples will more cleariy make known the nature 
of these problems. 

2. If we expose to the continued and uniform action of a source of heat, the 
same part of a metallic ring, whose diameter is large, the molecules n^u%st to 
the source will be first heated, and, after a certain time, every point of the 
sdlid will have acquired very nearly the highest tempa»ture which it can at- 
tain. This limit or greatest temperature is not the same at different points; it 
becomes less and less according as they become more distant from point 
at which the source of heat is directly applied. 

When the temperatures have become permanent, the source of heat sup- 
plies, at each instant, a quantity of heat which exactly compensates for that 
which is <fisidpated at all the points of the extomd surface of the ring. 

If now the source be suppressed, heat will continue to be propagated in the 
interior of the solid, but that which is lost in the medium or the void, will no 
longer be compensated as formerly by the supply fnan the source, so that all 
the temperatures will vary and diminish incessantly until they have become 
equal to the tonperatures of the surrounding medium. 

3. Whilst the temperatures are permanent and the source remimis, if at 
evety point of the mean drcumferenoe of the ring an ordinate be raised per- 
p^idioular to the plane of the ring, whose length is proportional to the fixed 
temperature at that point, the curved line which passes tluou^ the ends of 
these ONfinates will r^resoit the permanent state of the t^peratures^ and it 
is very ea^ todetermine by analysis the natiireof this finalt is to be remarked 
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that the thickness of the ring is supposed to be suflSciently small for the^ tern* 
perature to be sensibly equal at all points of the same section perpendicular 
to the mean circumference. When the source is removed, the line which bounds 
the ordinates proportional to the temperatures at the different points will 
change its form continually. The problem consists in expressing, by one equa- 
tion, the variable form of this curve, and in thus including in a single formula 
all the successive states of the solid. 

4 . Let z be the constant temperature at a point m of the mean circumference, 
X the distance of this point from the source, that is to say the length of the arc 
of the mean circumference, included between the point m and the point o 
which corresponds to the position of the source; z is the highest temperature 
which the point m can attain by virtue of the constant action of the source, 
and this permanent temperature 2 is a function f(x) of the distance a?. The 
first part of the problem consists in determining thfe* function /(a?) which rejj>^ 
resents the permanent state of the solid. 1 

Consider next the variable state which succeeds to the former state as soon 


as the source has been removed; denote by t the time which has passed sinc 0 
the suppression of the source, and by v the value of the temperature at thd 
point m after the time t The quantity v will be a certain function F (x, t) of 
the distance x and the time t; the object of the problem is to discover this func- 
tion F (x, t), of which we only know as yet that the initial value is / (x), so 
that we ought to have the equation / (x) (x, O). 

5. If we place a solid homogeneous mass, having the form of a sphere or 
cube, in a medium maintained at a constant temperature, and if it I'emains 
ii^ersed for a veiy long time, it will acquire at all its points a temperature 
^ffering very little from that of the fluid. Suppose the mass to be withdrawn 
in order to transfer it to a cooler medium, heat will begin to be dissipated at 
its surface; the temperatures at different points of the mass will not be sensi- 
bly the same, and if we suppose it divided into an infinity of layers by surfaces 
parallel to its external surface, each of those layers will transmit, at each in- 
stant, a certain quantity of heat to the layer which surrounds it. If it be imag- 
ined that each molecule carries a separate thermometer, wliich indicates its 
temperature at every instant, the state of the solid will from time to time be 
represented by the variable system of all these thermometric heights. It is re- 
quired to expr^s the successive states by analytical formula, so that we may 
know at any given instant the temperatures indicated by each thermometer, 
and compare the quantities of heat which flow during the same instant, be- 
tween two adjacent layers, or into the surrounding medium. 

6 . If the IS sphericd, and we denote by x the distance of a point of this 
mass from the centre of the sphere, by t the time which has elapsed since the 
TOmmencement of the cooMg, and by t- the variable temperature of the p<rint 
m, IS ^y to see that all points situated at the same distance x from the 

® ®^“«]®™Perature t». This quantity t; is a cert^dn 
function F (x, t) of the radius x and of the time t: it must be such thnf if Ka- 

7. In the next place it is to be remarked fhaf 4 . 1 .. 

of heat .t »eh 
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paases into the medium. The value of this quantity is not cmthtant; it is great* 
est at the beginning of ilie cooling. If however we consider the variable state 
of tiie internal spherical surface whose radius is x, we eamly see that there 
must be at each instant a certain quantity of heat which traverses that sur- 
face, and passes thxou^ that part of the mass which is more distant from the 
centre. continuous flow of heat is variable like that through the «demal 
surface, and both are quantities comparable with each othw; their ratios are 
numbers whose var 3 ring values are fimctions of the distance x, and of the time 
t which has elapsed. It is required to determine these functions. 

8. If the mass, which has been heated by a long immersion in a medium, and 
whose rate of cooling we wish to calculate, is of cubical form, and if we deter- 
mine the position of each point m by three rectangular co-ordinates x, y, z, 
taking for origin the centre of the cube, and for axes lines perpendicular to the 
faces, we see that the temperature v of the point m after the time t, is a func- 
tion of the fom variables x, y, z, and t. The quantities of heat which flow out 
at each instant through the whole external surface of the solid, are variable 
and comparable with each other; their ratios are analytical functions depend- 
ing on the time t, the expresdon of which must be assigned. 

9. Let us examine also the case in which a rectangular prism of sufficiently 
great thickness and of infinite length, being submitted at its extremity to a 
constant temperature, whilst the air which surrounds it is maintained at a 
less temperature, has at last arrived at a fixed state which it is required to 
determine. All the points of the extreme section at the base of the prism have, 
by hypothesis, a common and permanent temperature. It is not the same with 
a section distant from the source of heat; each of the points of this rectangular 
surface parallel to the base has acquired a fixed temperature, but this is not 
the same at different ptoints of the same section, and must be less at points 
nearer to the surface exposed to the air. We see also that, at each instant, 
there flows across a given section a certain quantity of heat, which alwa 3 rs 
remains the same, since the state of the solid has become constant. The prob- 
lem consists in determining the permanent temperature at any given point (rf 
the solid, smd the whole quantity of heat which, in a definite time, flows across 
a section whose position is given. 

10. Take as origin of co-ordinates x, y, z, the centre of the base of the prism, 
and as rectangular axes, the axis of the prism itself, and the two perpendicu- 
lars on the »des: the permanent temperature v of the point m, whose co-ordi- 
nates are x, y, s, is a function of three variables F(x, y, z ) ; it has by hypothesis 
a constant value, when we suppose x nothing, whatever be the values of y 
and z. Suppose we take for the unit of heat that quantity which in the unit 
of teme would emerge from an area equal to a unit of surface, if the heated 
mass which that area bounds, and wbdch is formed of the same substance 
as the prism, were continually maintained at the tempouture of boiling 
water, and immersed in atmospheric air maintfuned at the temperature vi 
melting ice. 

We see that the quantity of heat which, in the permanent state of the rec- 
tangular puism, flows, during a unit of time, across a certain section perpen- 
dicular to the a-YiH, has a determinate ratio to the quantity of heat taken as 
unit. This ratio is not the same for all sections: it is a function ^(x) of the die- 
tapee x, at which the section is situated. It is required to find an ans^ytical 
eiqwession- of the function ^(x). 
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ll;Thef<>xeg6idg examplcis (Office to pvo ■an exact idea of the differtet^sfobH 
iems wUeh we have (tieeussed* 

Ite fiolution of these problems has made us underst^d that the effeds of 
the propagation of heat depend in the case of every solid substance, on three 
dementaiy qualities, which are, its capacity for heat, its own oonduotiviiy, 
and the exterior conductivity. ' 

It has been observed that if two bodies of the same volume and of different 
nature have equal temperatures, and if the same quantity of heat be added to 
them, the increments of temperature are not the same; the ratio of these incre- 
ments is the inverse ratio of their capacities for heat. In this maimer, the first 
of the three specific elements which regulate the action of heat is exactly de- 
fined, and physicists have for a long time known several methods of determiih- 
ing its value. It is not the same with the two othera; their effects have often 
been observed, but there is but one exact theory which can fairly distingui^, 
define, and measure them with precision. I 

The proper or interior conductivity of a body expresses the facility wifch 
which heat is propagated in passing from one internal molecule to anoth#. 
The external or relative conductivity of a solid body depends on the facility 
with which heat penetrates the surface, and passes from this body into a jgiven 
medium, or passes from the medium into the solid. The last property is modi- 
fied by the more or less polished state of the surface; it varies also according to 
the medium in which the body is immersed; but the interior conductivity can 
change only with the nature of the solid. 

These three elementary qualities are represented in our formulse by constant 
numbers, and the theory itself indicates experiments suitable for measuring 
their values. As soon as they are determined, all the problems relating to the 
propagation of heat depend only on numerical analysis. The knowledge of 
these specific properties may be directly useful in several applications of the 
physical sciences; it is besides an element in the study and description of differ- 
ent substances. It is a very imperfect knowledge of bodies which ignores the 
relations which they have with one of the chief agents of nature. In general, 
there is no mathematical theory which has a closer relation than this with pub- 
lic economy, since it serves to give clearness and perfection to the practice of 
the munerous arts which are founded on the employment of heat, 
u Problem of the terrestrial temperatures presents one of the most 

^ general idea to be formed of it 

are unequally exposed to the 
intensity of their action depends on the latitude 
of tiie pl^e, It changes also in the course of the day and in the course of the 
year, and is subject to other less perceptible inequalities It is fvtnrlmf 

a ttecesawy relation exists, which may be derived from w 

k. . depth bel™ 

fiwm the equator. We may then Sfe outrf 

lope, the Sckness of wwSiaSblv «rt^or enve- 

tadlUB, and regard our planet as a nearlv enkri • i ^ i^^spect to the earth's 
j«et to a temperature which remains coMSatalJ^’iT^'®® 



) 


SbCI!.'! 


TOEOm OF HEAT 


m 


moleoidehfls iibo» fixed iempcoitiniedetenaiiMdbsFite {XMition. Thei^^ 
OEistiod problem eoaurieto in discxnrering the fix^ t^p«ratuie nt ax^ pven 
point, and 4be law wlddi the solar heat fofiows whilst penetrating the intoior 
of the earth. 

- This diversity c£ temperature interests us still more, if we consider the 
dianges which succeed each other in the envelope itsdf on the surface of which 
we dwell. Those alternations of heat and cold which are reproduced every day 
and in the course of every year, have been up to the present time the object d 
repeated Obs^ations. These we can now submit to calculation, and from a 
common theory derive all the particular facts whi(di experience has tau^t us. 
The problem is reducible to the hypotheids that every point of a vast sphere is 
affected ly periodic temperatures; analysis then tdls us according to what law 
the intenaty of these variations decreases according as the depth increases, 
what is the amount of the annual or diurnal changes at a given depth, the 
epoch of the changes, and how the fixed value of the underground temperature 
is deduced from the variable temperatures observed at the surface. 

13. The general equations of the propagation of heat are partial differential 
equations, and though their form is very simple the knoAvn methods do not 
furnish any general mode of integrating them; we could not therefore deduce 
from them the values of the temperatures after a definite time. The numerical 
interpretation of the results of analysis is however necessary, and it is a degree 
of perfection which it would be very important to give to every application of 
analysis to the natural sciences. So long as it is not obtained, the solutions may 
be said to remain incomplete and useless, and the truth which it is proposed to 
discover is no less hidden in the formuhe of analysis than it was in the physical 
problem itself. We have applied ourselves with much care to this purpose, and 
we have been able to overcome the difiiculty in all the problems of which we 
have treated, and which contain the chief elements of the theory of heat. There 
is not one of the problems whose solution does not provide convenient and 
exact means for discovering the numerical values of the temperatures acquired, 
or those of the quantities of heat which have flowed through, when the values 
of the time and of the variable coordinates are known. Thus will be given not 
only the differentud equations which the functions that express the values of 
the temperatures must satisfy; but the functions themselves will be ^ven 
under a form which facilitates the munerical applications. 

14. In order that these solutions might be general, and have an extent equal 
to that of the problem, it was requisite that they shoidd accord with the initial 
state of the temperatures, whidi is arbitrary. The examination of this condition 
shews that wenoay develop in convergent series, or mcpress by definiteintegrals, 
functions which are not subjed; to a constant law, and which rquesent the 
ordinates or irr^^ular or discontinuous lines. This property throws a new light 
(m the theory of partial differmtial equations, and extcmds the emplojonent of 
arbitraiy functions by submitting them to the ordinary {HXMsesses of aiialysis. 

’ 1& Ztstill remimred to compare the facts with theory. With this view, varied 
and exact experiments were undertaken, whose results were in confonnitr 
with those of analyais, and gave them an authority vdiich one would have been 
dep os ed to refuse to them in a new matter which seemed subject to so HHioh 
smMortainty. These experiments confirm the principle from which we started^ 
and whieh is adofdad by all physicists in ^te of the divotity d thda* hyi>o> 
tlnses on the nature of heat. '< ’ 
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16. Equilil»ium of temperature is effected not only by way of contact, it is 
establudied also betwe«i bodies separated from each other, which are ratuated 
for a l(Xig time in the same region. This effect is independent of contact with a 
medium; we have observed it in spaces wholly void of air. To complete our 
theory it was nec^sary to examine the laws which radiant heat follows, on 
leaving the surface of a body. It results from the observations of many phyed- 
cists and from our own experiments, that the intensities of the different rays, 
which escape in all directions from any point in the surface of a heated body, 
depend on the angles which their directions make with the surface at the same 
point. We have proved that the intensity of a ray diminishes as the ray makes 
asmaller angle with the element of surface, and that it is proportional to the sine 
of that angle. This general law of emission of heat which different observations 
1^ already indicated, is a necessary consequence of the principle of the equi> 
librium of temperature and of the laws of propagation of heat in solid bodite. 

Such are the chief problems which have been discussed in this work; they 
are aU directed to one object only, that is to establish clearly the mathematic ' 
principles of the theory of heat, and to keep up in this way with the progre 
of the useful arts, and of the study of natrire. \ 

17. From what precedes it is evident that a very extensive class of phenom* 
ena exists, not produced by mechanical forces, but resulting simply from the 
presence and accumulation of heat. This part of natural philosophy cannot be 
connected with dynamical theories, it has principles peculiar to itself, nnH is 
founded on a method similar to that of other exact sciences. The solar heat, for 
example, which penetrates the interior of the globe, distributes itself theroin 
according to a regj^ar law which does not depend on the laws of motion, and 
cannot be determined by the principles of mechanics. The dilatations which 
the repulsive force of heat produces, observation of which serves to measure 
t^peratures, are in truth dynamical effects; but it is not these dilatations 

t o calculate, when we investigate the laws of the propagation of heat 

18. There are other more complex natural effects, which depend at the 
toe on the influOTce of heat, and of attractive forces: thus, the variations of 
temperatures which the movements of the sun occasion in the atmosphere and 
m the ocean, change TOntmually the denrity of the different parts of the air 
Md the waters. Tae eff^t of the forces which these masses obey is modified at 
every instot by a new distnbution of heat, and it cannot be doubted that this 

regular winds, and the chief currents of the sea; the solar 
^d lu^ attractions occasiomng m the atmosphere effects but slightly sensi- 
ble, wd not graei^ displacements. It was therefore necessary, in order to sub- 

*** Prepagation of heat m the mterior of mnanog 

..Ji?!.. .r 0“ reading this work, that heat attaina in bodiee a 

distribution, ZS S^b: 

which denenda onlv on fho senably witii a definite state 
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Several problems of mechasucs present analogous results, such as the isodt- 
ronism of oscUlations, the multiple resonance of sonorous bodies. Ck>mmon 
ejqjeriments had made these results remarked, and analysis afterwards demon- 
strated thdr true cause. As to those results which depend on changes of t^n- 
perature, they could not have been recognised except by very exact experi- 
ments; but mathematical analysis has outrun observation, it has supplemented 
our senses, and has made us in a manner witnesses of regular and harmcmic 
vibrations in the interior of bodies. 

20. These considerations present a singular example of the relations which 
exist between the abstract science of numbers and natural causes. 

When a metal bar is exposed at one end to the constant action of a source of 
heat, and every point of it has attained its highest temperature, the system of 
fixed temperatures corresponds exactly to a table of logarithms; the munbers 
are the elevations of thermometers placed at the different points, and the 
logarithms are the distances of these points from the source. In general, heat 
distributes itself in the interior of solids according to a simple law expressed by 
a partial differential equation common to physical problems of different order. 
The irradiation of heat has an evident relation to the tables of sines, for the 
rays which depart from the same point of a heated surface, differ very much 
from each other, and their intensity is rigorously proportional to the rane of the 
angle which the direction of each ray makes with the element of surface. 

If we could observe the changes of temperature for every instant at every 
point of a solid homogeneous mass, we should discover in these series of ob- 
servations the properties of recurring series, as of sines and logarithms; they 
would be noticed for example in the diurnal or annual variations of tempera- 
ture of different points of the earth near its surface. 

We should recognise again the same results and all the chief elements of 
general analysis in the vibrations of elastic media, in the properties of lines or 
of curved siufaces, in the movements of the stars, and those of light or of 
fluids. Thus the functions obtained by successive differentiations, which are 
employed in the development of infinite series and in the solution of numerical 
equations, correspond also to physical properties. The first of these functions, 
or the fluxion properly so called, expresses in geometry the inclination of the 
tangent of a curved line, and in dynamics the velocity of a moving body when 
the motion varies ; in the theory of heat it measures the quantity of heat which 
flows at each point of a body across a given surface. Mathematical analy^ has 
therefore necessary relations with sensible phenomena; its object is not created 
by human intelligence; it is a pre-existent element of the universal order, and 
is not in any way contingent or fortuitous; it is imprinted throughout all 
nature. 

21. Observations more exact and more varied will presently ascertmn 
whether the effects of heat are modified by causes which have not yet been 
percdved, and the theory wilLacquire fresh perfection by the continued com- 
parison of its results with the results of experiment; it will explain some im- 
portant phenomena which we have not yet been able to submit to calculation; 
it will shew how to determine all the thermometric effects of the solar rays, the 
fixed or variable temperature which would be observed at different distances 
from the equator, whether in the interior of the earth or beyond the limits of 
the atinosphere, whether in the ocean or in different r^ions of the mr. From it 
will be derived Ihe mathematical knowleit^ of the great movements which 
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rtsalt from the influemce of heat combined with that of gravftyv The same 
prin<5lples will serve to measure the conductivities, proper or relative, of 
ferent bodies, and their specific capacities, to distinguish all the causes which 
modify the emission of heat at the surface of solids, and to perfect thermomet- 
ric instruments. 

The theory of heat will always attract the attention of mathematicians, by 
the rigorous exactness of its elements and the analytical difficulties peculiar to 
it, and above all by the extent and usefulness of its applications; for all its 
consequences concern at the same time general physics, the operations of the 
arts, domestic uses and civil economy. 


SECTION II. Preliminary Definitions and General Notions 


22. Of the nature of heat uncertain hypotheses only could be formed, but t^e 
knowledge of the mathematical laws to which its effects are subject is 
pendent of all hypothesis; it requires only an attentive exammation of tc^ 
chief facts which common observations have indicated, and which have beell 
confirmed by exact experiments. 

It is necessary then to set forth, in the first place, the general results of 
observation, to give exact definitions of all the elements of the analysis, and to 
establish the principles upon which this analysis ought to be founded. 

The action of heat tends to expand all bodies, solid, liquid or gaseous; this is 
the property which gives evidence of its presence. Solids and liquids increase in 
volume, in most cases, if the quantity of heat which they contain increases; 
they contract if it diminishes. 

When all the parts of a solid homogeneous body, for example those of a mass 
of metal, are equally heated, and preserve without any change the same quan- 
tity of heat, they have also and retain the same density. This state is expressed 
by saying that throughout the whole extent of the mass the molecules have a 


common and permanent temperature. 

23. The thermometer is a body whose smallest changes of volume can be 
appreciated; it serves to measure temperatures by the dilatation of a fluid or 
of air. We assume the construction, use and properties of this instrument to be 
accurately known. The temperature of a body equally heated in every part, 
and which keeps its heat, is that which the thermometer indicates when it is 
and remains in perfect contact with the body in question. 

Perfect contact is when the thermometer is completely immersed in a fluid 
mass, and, in general, when there is no point of the external surface of the 
mstrument which is not touched by one of the points of the solid or liquid mass 
whose temperature is to be measured. In experiments it is not always necessaiy 
that this condition should be rigorously observed; but it ought to be assumed 
m order to make the definition exact. 


M. Two fixed t^^ratures are determined on, namely: the temperature of 
melting ice which m denoted by 0, and the temperature of boiling water 
w will denote by 1 : water is supposed to be boding under an atmospheric 

hei^t of the barometer (76 centimetree), -ttie 

25. ^^erent qua^iti^ of heat are measured by detefmiiumr how 'mahy 
Jipw ftey contra fixed quantity which is taken 2^the unit. SuSiS JSS 
^ i» having a definite weight (a hflogminine) to be at tempeSSSJ ^ 
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be conTectadinto water at tite same temperature 0 addition of a «»<«?«» 

quantity of heat: the quantify of heat tiius added ia taken as the unit of 
measurei Hence the quantify of heat expressed by a number C contains C 
times the quantify required to melt a kilogramme of ice at the temperature 
zero into a mass of water at tiie same zero temperature. 

28. To raise a metallic mass having a certain weight, a kHopamme of iron 
for example, from the temperature 0 to the temperature 1, a new quantity 
heat must be added to that vdiich is already contained in f^ mass. The num- 
ber C whush denotes this additional quantify of heat, is the specific capacity of 
iron for heat; the number C has very different values for different substances. 

27. If a body of definite nature and wdght (a kilogramme of mercury) 
occupies a volume V at temperature 0, it will occupy a greater volume F-l-A, 
when it has acquired the temperature 1, that is to say, when the heat which it 
contained at the t^perature 0 has bem increased by a new quantity C, equal 
to the specific capacity of the body for heat. But if, instead of adding this 
quantity C, a quantity zC is added (z being a number positive or negative) the 
new volume will be F+i instead of F+A. Now experiments shew that if * is 
equal to the increase of Volume $ is only half the total increment A, fmd that 
in general the value of £ is zA, when the quantity of heat added is zC. 

28. The ratio z of the two quantities zC and C of heat added, which is fhe 
sfune as the ratio of the two increments of volume 6 and A, is that whk^ is 
called the temperature’, hence the quantity which expresses the actiial temperar 
ture of a body represents the excess of its actual volume over the volume which 
it would occupy at the temperature of melting ice, unity representing the 
whole excess of volume which corresponds to the boilu^ point of water, ov^ 
the volume which corresponds to the melting point of ice. 

29. The increments of volume of bodies are in general proportional to the 
increments of the quantities of heat which produce the dilatations, but it must 
be remarked that this proportion is exact only in the case where ^e bodies in 
question ture subjected to temperatures remote from those which determine 
their change of state. The application of these results to all liquids must not be 
relied on; and with respect to wato* in particular, dilatations do not always 
follow augmentations of heat. 

' In general tiie temperatures are numbers proportional to the quantities of 
heat added, and in the cases oonsid«ed by us, these numbers are proportional 
also to the incremmts of volume. 

30. Suppose that a body bounded by a plane surface havii^ a certain area 
(a square metre) is maintained in any manner whatever at constant tempera- 
ture 1, common to all its points, and that the surface in question is in contact 
with air maintained at temperature 0: the h^t which escapes continuously at 
the surface and passes into the surrounding medium wfll be r^laced always 
by the heat which jnoceeds from the constant cause to whose acticm the body 
is expos^; thus, a certain quantity of heat denoted by h will flow tiuough the 
surfiacB ia a definite time (a minute). 

'Husaeadunt k, of a flow continuous and alvmys nmilar to itself, which takns 
^bce at a unit of surface at a fixed temperature, is the measure of the extcamal 
coadudifaility of the body, that is to say, of the fadtity with which its sut&ce 
tiraasn^ heat to tiie atmoqiheric air. 

Tbe>air is supposed to be continually displaced with a pven uniform veh^ 
fty: but if the vslodty of ^e oureent inoea^, <he quantity heat emmnuair 
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cated to the medium would vary also: the same would happen if the d^isity of 
the medium were increased. 

31. If the excess of the constant temperature of the body over the tempera* 

ture of surrounding bodies, instead of being equal to 1, as has been supposed, 
had a less value, the quantity of heat dissipated would be less than A. The 
result of observation is, as we shall see presently, that this quantity of heat 
lost may be regarded as sensibly proportional to the excess of the temperature 
of the body over that of the air and surrounding bodies. Hence the quantity A 
having been determined by one experiment in which the surface heated is at 
temperature 1, and the medium at temperature 0; we conclude that hz would 
be the quantity, if the temperature of the surface were z, all the other circum- 
stances remaining the same. This result must be admitted when z is a small 
fraction. , 

32. The value A of the quantity of heat which is dispersed across a heated 
surface is different for different bodies; and it varies for the same body acced- 
ing to the different states of the surface. The effect of irradiation diminishesW 
the surface becomes more polished; so that by destroying tiie polish of tne 
surface the value of A is considerably increased. A heated metallic body will to 
more quickly cooled if its external surface is covered with a black coating suck 
as will entirely tarnish its metallic lustre. 

33. The rays of heat which escape from the surface of a body pass freely 
through spaces void of air; they are propagated also in atmospheric air: their 
directions are not disturbed by agitations in the intervening air: they can be 
reflected by metal mirrors and collected at their foci. Bodies at a high tempera- 
ture, when plunged into a liquid, heat directly only those parts of the nr^nan 
with which their surface is in contact. The molecules whose distance from this 
surface is not extremely small, receive no direct heat; it is not the same with 
aeriform fluids; in these the rays of heat are borne with extreme rapidity to 
considerable distances, whether it be that part of these rays traverses freely 
the layers of air, or whether these layers transmit the rays suddenly without 
altering their direction. 


34. When the heated body is placed in air which is maintained at a sensibly 
coTOtant temperature, the heat communicated to the air makes the layer of the 
fluid nearest to the stMace of the body lighter; this layer rises more quickly 
the more intensely it w heated, and is replaced by another mass of cool air. A 
current is thus established in the air whose direction is vertical, and whose 
velocity is greater as the temperature of the body is higher. For this reason if 
the body cooled itself gradually the velocity of the current would rfiminigh 
fbe t^nperature, and the law of cooling would not be exactly the same as 
if tbe body were exposed to a current of air at a constant velocity. 

36. When bo^es are sufficiently heated to diffuse a vivid light, part of thdr 
ra^wt h^t mixed with that light can traverse transparent solids or liquids, 
and u subject to the force which produces refraction. The quantity of heat 
which possess^ this faculty becomes less as the bodies are less inflamed; it is. 
V ® m^nable for very opaque bodies however highly they may be 

heated. A thm tran^nt plate intercepts almost all the direct heat which 
pn^s from an ardent mass of metal; but it becomes heated in proportion 
w the mtercepted rays are accumulated in it; whence, if it is fonnS ofiee it 
tat if thi. plate of ioe ia e^osed to the 
allows a sensible amount of heat to pass through with the light. 
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36. We have taken as tlie measure fiS the eztenial eonduetavi^ at a solid 
body a coefficient k, which denotes tiie quantity of heatiWhiidi wotdd pass, in a 
definite time (a minute), from the surface of this body, into atmospheric air, 
supporang that the surface had a definite extent (a square metre), tiiat the 
constant temperature of the body was 1, and that <of the air 0^ and that the 
heated surface was exposed to a current of air of a ^ven invariable velocity. 
This value of A is determined by observation. The quantity of heat expressed 
by the coefficient is composed of two distinct parts which cannot be measured 
except by very exact experiments. One is the heat communicated way of 
contact to the surrounding air: the other, much less than die first, is the radi- 
ant heat mnitted. We must assume, in bur first investigations, that the quan- 
tity of heat lost does not change when the temp^atures of the body and of the 
medium are augmented by the same sufficiently small quantity. 

37. Solid substances differ again, as we have already remarked, by their 
property of being more or less permeable to heat; this quality is their conduc- 
tivity proper: we shall give its definition and exact measure, after having 
treated of the uniform and linear propagation of heat. Liquid substances 
possess also the propeHy of transmitting heat from molecule to molecule, and 
the numerical value of their conductivity varies according to the nature of the 
raibstances: but this effect is observed with difficulty in liquids, nnce their 
molecules change places on change of temperature. The propagation of heat in 
them depends chiefly on this continual displacement, in all cases where the 
lower parts of the mass are most exposed to the action of the source of heat. 
If, on the contrary, the source of heat be applied to that part of the mass 
which is highest, as was the case in several of our experiments, the transfer of 
heat, which is very slow, does not produce any displacement, at least when the 
increase of temperature does not diminish the volume, as is indeed noticed in 
singular cases bordering on changes of state. 

38. To this explanation of the chief results of observation,- a general remark 
must be added on equilibriiun of temperatures; which consists in this, that 
different bodies plac^ in the same region, all of whose parts are and remain 
equally heated, acquire also a common and permanent temperature. 

Suppose that all the parts of a mass M have a common and constant tem- 
perature a, which is maintained by any cause whatever: if a smallar body m 
be placed in perfect contact with the mass M, it will assume the common 
temperature a. 

In reality this result would not strictly .occur except after an infinite time: 
but the exact meaning of the proposition is that if the body m had the tempera- 
ture a before bdng placed in contact, it would keep -it without any >cluinge. 
The same would be the ease with a multitude of other bodies n, p, q, r each 
of which was placed separately in perfect contact with the mass M: all 
would acquire the constant temperature a. Thus a thermometer if succes- 
sively applied to the different bodies m, n, p, q, r would indicate the some teni- 
perafure. 

39. The effect in question is independent of contact, and would stiill occur; if- 
every part of the body m were enclosed in the solid M, as in an enclosure, 
vdtbout touching any of its parts. For example, if the solid were a sphmical 
mivelope of a certain tbielmes8,‘maintained by some external cause at a taurF 
perature -o, and oontoining a space entirely deprived of air, and M the body m 
could be placed in any part whatever of this spherisfd ^taee, iririiout toudung 
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aaeiy poiiit theifitefnal mirface of the enclosuBe, it would ac<|uire the coznifiSOQ 
tottp^:ttture a, or rath^, it would. preserve it if it had'it already; The result 
IB^ould be the for all the other bodies n, p, r, whether they .were placsed 
separately or all together in the same enclosure, and whatever also tfamr 
substance and form ini^t be. ^ ^ 

40. Of ail modes of presenting to ourselves the action of heat, that which 
seems simj^est and most conformable to observation, consul in comparing 
this action to that of light. Molecules separated from one another reciprocally 
cx>mxnunicate, across empty space, their rays of heat, just as shi n i ng bodies 
transmit their light. 

If within an enclosure closed in all directions, and maintained by some 
external cause at a fixed temperature a, we suppose different bodies to be 
placed without touching any part of the boundary, different effects will be 
observed according as the bodies, introduced into thi^ dpace free from air, are 
more or less heated. If, in the first instance, we insert only one of these bodies, 
at the same temperature as the enclosure, it will send from all points of its 
surface as much heat as it receives from the solid which surrounds it, and is 
maintained in its original state by this exchange of equal quantities. 

If we insert a second body whose temperature b is less than a, it will at first 
receive from the surfaces which surround it on all sides without touching it, a 
quantity of heat greater than that which it gives out: it will be heated more 
and more and will absorb through its surface more heat than in the first 
instance. 

The initial temperature b continually rising, will approach without ceasing 
the fixed temperature a, so that after a certain time the difference will be 
almost insensible. The effect would be opposite if we placed within the same 
enclosure a third body whose temperature was greater than a. 

41. All bodies have the property of emitting heat through their surface; the 
hotter they are the more they emit; the intensity of the emitted rays changes 
very considerably with the. state of the surface. 

1 42. Every surface which receives rays of heat from surrounding bodies 
reflects part and admits the rest: the heat which is not reflected, but intro* 
duced through the surface, accumulates within the solid; and so long as it 
exceeds the quantity dissipated by irradiation, the temperature rises. 

43. The rays which tend to go out of heated bodies are arrested at the sur- 
face by a force which reflects part of them into the interior of the mass. The 
cause which hinders the incident rays from traversing the surface, and which 
divides these rays into two parts, of which one is reflected and the other 
admitted, acts in the same manner on the rays which are directed from the 
interior of the body towards external space. 

i If by mo^fjdng the state of the surface we increase the force by which it 
r^ects the inoid^t rays, we increase at the same time the power which it has 
of reflecting towards the interior of the body rays which are tending to go out.^ 
The incident rays introduced into the mass, and the rays emitted through the 
torfaee, are equally diminished in quantity. 

44. If withm the enclosure above mentioned a number of bodies were placed 
M ^ same time, separate from each other and unequally heated, they would 
receive and transmit rays of heat so that at each exchange their temperatures 
woqlA fcoiitinually vary, and would all tend to becdme equal to the fixed 

of the endoBure. . . l i 
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Tlaa efieot is ipreebdy Saxos as oooura wfiett bSat is {MSps^ 

^ted within stdid hcxfiss; for' the moleeules which eocopose these bodies era 
separated by spaces void of air, and have the property of reoaving, aocumulat* 
ing and emit^g heat.' Each of them sends out rays on all sides, and at 4he 
satne time recmes other rs3rs from the molecules which surround it. 

46. Ihe heat given out by a point situated in the interior of a soUd mass can 
pass directly to an extremely small distance only ; it is, we may say, intercepted 
ihe nearest particles; these particles only recrave the heat directly and act 
on more distant points. It is different with gaseous fluids; the direct ^ects of 
radiation become sensible in them at very considerable distances. 

46. Thus the heat which escapes in all directicms from a part of the surface 
of a solid, passes on in air to very distant points; but is emitted only by those 
molecules of the body which are extremely near the surface. A pomt a 
heated mass situated at a very small distance from the plane superficies which 
separates the mass from external space, sends to that space an infinity of rays^ 
but they do not all arrive there; they are diminished by all that quantity of 
heat which is arrested by the intermediate molecules of the solid. The part ol 
the ray actually dispers^ into space becomes less according as it traverses a 
longer path within the mass. Thus the ray which escapes prapendicular to the 
surface has greater intensity than that which, departing from the same point, 
follows an oblique direction, and tbe most oblique rays are wholly intercepted. 

The same consequences apply to all the points which are near enough to tiie 
surface to take part in the emission of heat, from which it necessarily fdilowB 
that the whole quantity of heat which escapes from the surface in the normal 
direction is very much greater than that whose direction is oblique. We have 
submitted this question to calculation, and our analysis proves t^t the intent 
sity of the ray is proportional to the sine of the angle which the ray makes with, 
the dement of surface. Experiments had already indicated a similar result. 

47. This theorem expresses a general law which has a necessary conneetioa 
with the equilibrium and mode of action of heat. If the rays which escape from 
a heated surface had the same intensity in all dhrections, a thermometer placed 
at one of the points of a space bounded on all sides by an enclosure maintained 
at a constant temperature would indicate a temperatiire incomparably greater 
than that of the enclosure. Bodies placed within this enclosttre would not take 
a common temperature, as is always noticed; the temperature acquired fay 
them would depend on the place which they occufaed, or on their form, or mi 
the forms nei^bouring bodies. 

The same results would be observed, or other effects equally opposed to 
common experience, if between the rays whieh'escape from the same pmnt any 
ether relations were admitted different from those which we have enunciated; 
We have recognised this law as the only one compatible with the gener^ fact 
of the equilibrium of radiant heat. 

48. If a space free from air is boimded on all sides by a solid enclosure whose 
parts are maintamed at a common and constant temperature a, and ff a ther- 
mometer, having the actual tempraratiire a, is placed at any point whatever b£ 
the space, its temperature will ccmtinue wi^out taxy change. It will reeravu 
ther^ore at eaeh instaiit from the infirar surface oi the enclosure as miUh heftfe 
as it gives out ter it. This effect of the rays of beat -in a given space is, 

. ^leah&g, the nseasurS'of the ■temperature: but this craD^eratiim presu{^poBes 
theraatheomaticsI'tlmmy'Df Tadk^heat'. > v- v. 
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If now between the thermometer and a part of the surface of the enclosure a 
body M be placed whose temperature is a, the thermometer will cease to 
receive rays from one part of the inner surface, but the rays will be replaced by 
those which it will receive from the interposed body M, An easy calculation 
proves that the compensation is exact, so that the state of the thermometer 
will be unchanged. It is not the same if the temperature of the body M is 
different from that of the enclosure. When it is greater, the rays which the 
interposed body M sends to the thermometer and which replace the inter-^ 
oepted rays convey more heat than the latter; the temperature of the ther- 
mometer must therefore rise. 

If, on the contrary, the intervening body has a temperature less than a, that 
of the thermometer must fall; for the rays which this body intercepts are 
replaced by those which it gives out, that is to say, by rays cooler than those f 
of the enclosure; thus the thermometer does not receive all the heat necessary | 
to maintain its temperature a. 

49. Up to this point abstraction has been made of the p)Ower which all sur- 
faces have of reflecting part of the rays which are sent to them. If this property 
were disregarded we should have only a very incomplete idea of the equilib- 
rium of radiant heat. 

Suppose then that on the inner surface of the enclosure, maintained at a 
consent temperature, there is a portion which enjoys, in a certain degree, the 
pdwer in question; each point of the reflecting surface will send into space two 
kinds of rays; the one go out from the very interior of the substance of which 
the enclosure is formed, the others are merely reflected by the same surface 
against which they had been sent. But at the same time that the surface repels 
on the outside part of the incident rays, it retains in the inside part of its own 
mys. In this respect an exact compensation is established, that is to say, every 
one of its own rays which the surface hinders from going out is replaced by a 
leflected ray of equal intensity. 

The same result would happen, if the power of reflecting rays affected in any 
degree whatever other parts of the enclosure, or the surface of bodies placed 
within the same space and already at the common temperature. 

Thus the reflectior of heat does not disturb the equilibrium of temperatures, 
and does not introduce, whilst that equilibrium exists, any change in the law 
accOrdi^ to which the intensity of rays which leave the same point decreases 
proportionally to the sine of the angle of emission. 

60. Suppose that in the same enclosure, all of whose parts maintain the 
teinperature a, we place an isolated body Af , and a polished metal surface R, 
wliich, turning its concavity towards the body, reflects great part of the rays 
wbich it received from the body; if we place a thermometer between the body 
M and the reflecting surface R, at the focus of this mirror, three different 
^ects will be observed according as the temperature of the body M is equal to 
tlie common temperature a, or is greater or less. 

In the first case, the thermometer preserves the temperature a; it receives 
1®, rays of heat from all parts of the enclosure not hidden from it by the body 
^ or by th6 mirror; 2“, rays given out by the body; 3», those which the surface 
B sends out to toe focus, vdiether they come from the mass of the mirror 
iMS, or whetoet its surface has simply reflected them; and amnugat. toe last 
weim^y distmguish’betwe^. those which have been sent to toe mirror by toe 
mass M, and those which it has received from the enclosuiie. All toe rays ill 
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question proceed from surfaces wMch, by hypotbesia, have a commott temper- 
ature a, so that the thermometer is precisely in the same state as if space 
bounded by the enclosure contained no other body but itself: 

In the second case, the thermometer placed between the heated body M and 
the mirror, must acquire a temp>erature greater than a. In reality, it receives 
the same rays as in the first hypothesis; but with two remarkable differences: 
one arises from the fact that the rays sent by the body M to the mirror, and 
reflected upon the thermometer, contain more heat than in the first case. The 
other difference depends on the fact that the rays sent directly by the body M 
to the thermometer contain more heat than formerly. Both causes, and chiefly 
the first, assist in raising the temperature of the thermometer. 

In the third case, that is to say, when the temperature of the mass M is less 
than a, the temperature must assume also a temperature less than a. In fact, it 
receives again all the varieties of rays which we distinguished in the first case: 
but there are two kinds of them which contain less heat than in this first 
hypothesis, that is to say, those which, being sent out by the body M, are 
reflected by the mirror upon the thermometer, and those which the same body 
M sends to it directly. Thus the thermometer does not receive all the heat 
which it requires to preserve its original temperature a. It gives out more h^t 
than it receives. It is inevitable then that its temperature must fall to the 
point at which the rays which it receives suflSce to compensate those which it 
loses. This last effect is what is called the reflection of cold, and which, prop- 
3rly speaking, consists in the reflection of too feeble heat. The mirror inter- 
septs a certain quantity of heat, and replaces it by a less quantity. 

51 . If in the enclosure, maintained at a constant temperature a, a body M 
be placed, whose temperature a' is less than c, the presence of this body will 
lower the thermometer exposed to its rays, and we may remark that the rays 
sent to the thermometer from the surface of the body M, are in general of two 
kinds, namely, those which come from inside the mass M, and those which, 
coming from different parts of the enclosure, meet the surface M and are 
reflected upon the thermometer. The latter rays have the common tempera- 
ture a, but those which belong to the body M contain less heat, and these are 
the rays which cool the thermometer. If now, by changing the state of the 
surface of the body M, for example, by destroying the polish, we diminish the 
power which it has of reflecting the incident rays, the thermometer will fall 
still lower, and will assume a temperature a" less than a. In fact all the condi- 
tions would be the same as in the preceding case, if it were not that the body 
M gives out a greater quantity of its own rays and reflects a less quantity of 
the rays which it receives from the enclosure; that is to say, these last rays, 
which have the common temperature, are in part replac^ by cooler rays. 
Hence the thermometer no longer receives so much heat as formerly. 

If, independently of the change in the surface of the body M, we place a 
metal mirror adapted to reflect upon the thermometer the rays which have 
left M, the temperature will assume a value a'" less than a". The mirror, in 
fact, intercepts from the thermometer part of the rays of the enclosure wMdlr 
all have the temperature a, and replaces them by tiiree kinds of rays; namdy, 
1°, those which come from the interior of the mirror itself, and which have 
common temperature; 2", those which the dMerent parts of the enclosure send/ 
to tbe mirror with the same t^perature, and which are reflected to the foods; 
30, tlioee which, coming from the interior of tiie body M. fall upon the ndiror; 
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«k1 axe veSeebed upon the theimometer. The iast rays haw 

than o; h€«ce the ^ennometer nO longer receives so much heat as rt received 

before the mirror was set up- . _ ^ 

Lastly, if we proceed to change also tiie state of the ^ ^ ’ 

and by riving it a more perfect polish, increase its power of reflectang heat , ibe 
SeiSSeter^will fall stiUlower In fact, all the conditions exist whichj^^ 
in the preceding case. Only, it happens that the mirror^ves ou ^ 
tity of its own rays, and replaces them by those w^ch it reflecte. Now, 
amongst these last rays, all those which proceed from the interior of the mass 
ikf are less intense than if th^ had come from the interior of the metol mirror; 
hence the thermometer receives still less heat than formerly: it will assume 


therefore a temperature o"" less than a'". 

By the same principles all the known facts of the radiation of heat or of cold . 
are easily explained. ^ , j 

52. The effects of heat can by no means be compared with those of an elastic \ 


fluid whose molecules are at rest. 

It would be useless to attempt to deduce from this hyp)Othesis the laws of 
propagation which we have explained in this work, and which all experience 
has confirmed. The free state of heat is the same as that of light; the active 


state of this element is then entirely different from that of gaseous substances. 
Heat acts in the same manner in a vacuum, in elastic fluids, and in liquid or 
solid masses, it is propagated only by way of radiation, but its sensible effects 
differ according to the nature of bodies. 

63. Heat is the origin of all elasticity; it is the repulsive force which pre- 
serves the form of solid masses, and the volume of liquids. In solid masses, 
Dteighbouring molecules would yield to their mutual attraction, if its effect 
were not destroyed by the heat which separates them. 

This elastic force is greater according as the temperature is higher ; whi ch is the 
reason why bodies dilate or contract when their temperature is raised or lowered . 

64. The equilibrium which exists, in the interior of a solid mass, between the 
repulsive force of heat and the molecular attraction, is stable; that is to say, it 
re-establishes itself when disturbed by an accidental cause. If the molecules 
are arranged at distances proper for equilibrium, and if an external force 
begins to increase this distance without any change of temperature, the effect 
of attraction begins by surpassing that of heat, and brings back the molecules 
to their original position, after a multitude of oscillations which become less 
and less sensible. 


^ similar effect is exerted in the opposite sense when a mechanical cause 
dimmishes the primitive distance of the molecules; such is the origin of the 
vibrations of sonorous or flexible bodies, and of all the effects of their elasticity. 

^ 65. In the liquid or gaseous state of matter, the external pressure is addi- 
tional or supplementary to the molecular attraction, and, acting on the sur- 
face,, does not oppose change of form, but only change of the volume occupied. 
Analytical inv^tigation will best shew how the repulsive force of heat, opposed 
to the attracticm of the molecules or to the external pressure, assists in the 
oompoitition of bodies, solid or liquid, formed of one or more elements, and 
determines the elastic properties of gaseous fluids; but these researches do not^ 
belong to the object before us, and appear in dynamic theories. 

66. It cannot be doubted that the mode of action of heat always oontists,' 
that of lights iso the reciprocal co mmun ication of rays, and tkfa 



aae&lir THEQBOrjiOK^liEAT 

tion w at thepE!BB»t timeadeQytedJ^ theaiajtteii^ af^sAijywaBtg; iititit itrnst 
neceasaty to o(Hi»<ier the tihanatneoa uader this ac^(>eok'iB.onief to estehhph 
the tiieorjr of heat. In the oohise of this woih<it will be se^ ho?F lUie'la^ el 
equililmtim and {ffopagation of radiant heat, in 8(dhi or hquid massesi, ostt 
be xigoronsly d^onstrated, independently of any phyacai exidanaiicm, as tto 
necessary eonsequeuses of common obsenraidons. 

' SECTION III. Principle of the Communication 0 / Heat 

57. We now proceed to eacamine what expenments teach lis concerning the 
eommunication of heat. 

If two equal molecules are formed of the same substance and have the same 
tenperature, each of them receives from the other as much heat as it gives up 
to it; their mutual action may then be regarded as null, since the result of th^ 
action can bring about no change in the state of the molecules. If, on the con- 
trary, the first is hotter than the second, it sends to it more heat than it re^ 
ceives from it; the result of the mutual action is the difference of these two 
quantities of heat. In all cases we make abstraction of the two equal quantities 
of heat which any two material points reciprocally give up; we conceive that 
the point most heated acts only on the other, and that, in virtue of this action, 
the first loses a certain quantity of heat which is acquired by the seccmd. Thus 
the action of the two molecules, or the quantity of heat which the hottest 
communicates to the other, is the difference of the two quantities which they 
give up to each other. 

58. Suppose that we place in air a solid homogeneous body, whose different 
points have unequal actual temperatures; each of the moleciiles of which tlm 
body is composed will begin to receive heat from those which are at extreme 
small distances, or will communicate it to them. This action exerted during 
the same instant between all points of the mass, will produce an infinitesimid 
resultant change in all the temperatures: the solid will experience at each 
instant rimiliu' ^ects, so that the variations of temperature will become more 
and more sensible. 

Consider only the system of two molecules, m and n, equal and ertrem^ 
near, and let us ascertain what quantity of heat tiie first can recrive from the 
second during one instant: we may then apply the same reasoning to all the 
other points which are near enough to the point m, to act directly on it during 
the first instant. 

The quantity of heat communicated by the point n to the .point m depends 
on the duration of the instant, on the v^ small distance between these 
pcdnts^'On the actual temperature of each point, and on the nature of the solid 
eubstsm^e; that is to say, if one of these elements happi^ed to vary, all the 
other remaining the same, , the quantity of heat transmitted would vary also. 
Now exp^iments have disclosed, in this respect, a general result: it consists in 
this, that ah the.oth^ circumstances being the same, the quantity of heat 
which one of the molecules receives from the other is proportiomd to the ctil- 
ference.of temperature of the two moleeuleSi- Ihus the. quantity woubi. be 
double, , triple, quadruple, if everything ^Ise remaining the same, the diSempieib 
of the temperature of the p^t n from that of the point m beosmO' double, 
tri^ or quadruple.. To account for this result, ;we must conridor that the 
«^pii <ff n.oa m is always just as much:^eatm: as there is agreater differcniBe 
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betwe^ tibe tesoaperKiui^ tiie'fcwo ix>mts : it is ntill, if the temperatures axt 
i^ual, but if the molecule n contains more heat than the equal molecule ntf 
that is to say, if the trahperature of m being v, that of n is »+ A, a portion of 
the exceeding heat will pass from ntom. Now, if the excess of heat were dou- 
ble, or, which is the same thing, if the tranparature of n were v+2A, the exceed- 
ing heat would be composed of two equal parts corresponding to the two 
halves of the whole difference of temperature 2 A; each of these parts would 
have its proper effect as if it alone existed: thus the quantity of heat com- 
municated by n to m would be twice as great as when the difference of temper- 
ature is only A. This simultaneous action of the different parts of the exceeding 
heat is that which constitutes the principle of the communication of heat. Xt 
follows from it that the sum of the partial actions, or the total quantity of heat 
which m receives from n is porportional to the difference of the two tempera- 
tures. I 

59. Denoting by v and v' the temperatures of two equal molecules m and nL 
by p, their extremely small distance, and by dt, the in^tely small duration m 
the instant, the quantity of heat wUch m receives from n during this instann 
will be expressed by (v'—v)<l>(p)-dt. We denote by 0(p) a certain function or 
the distance p which, in solid bodies and in liquids, becomes nothing when p '' 
hM a sensible magnitude. The function is the same for every point of the samA 
given substance; it varies with the nature of the substance. 

60. The quantity of heat which bodies lose through their surface is subject 
to the same principle. If we denote by a the area, finite or infinitely small, of 
the surface, all of whose points liave the temperature v, and if a represents the 
temperature of the atmospheric air, the coefficient h being the measure of the 
external conducibility, we shall have ah{v~a)dt as the expression for the 
quantity of heat which this surface <r transmits to the air during the instant dt. 

^ When the two molecules, one of which transmits to the other a certain quan- 
tity of heat, belong to the same solid, the exact expression for the heat com- 
municated is that which we have given in the preceding article; and since the 
molecules are extremely near, the difference of the temperatures is extremely 
smdl. It IS not the same when heat passes from a solid body into a gaseous 
m^n™. But the experiments teach us that if the differraice is a quantity 
sufficiently ^all, the heat transmitted is sensibly proportional to that differ- 
^ce, and that the number h may, in these first researches, be considered as 

^ independent 
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to tlie exotn (d its aotoal oyor ISTlui^ 

ea^ to (XHiiclude, as will be seen ia tixe course of tins wturk, that tbe liwft ^vboae 
absoisseB repreaent the times dhipsed, ami whose ordinates r^esmt the teiflh 
{^tures corrMpondii^ to those times, u a logarithmic curve: now, ofastarva* 
tions also furnish the same result, when the exc^ of the temperature id the 
solid o^mr that of the medium ia a sufiSciently small quantity. 

63. Suppose the medium to be maintained at tihe constant tonperature 0, 
and that the initial temperatures of different points a, &, e, d Ac. of the 
mass are «, fi, y, d Ac., that at the end of the first instant they have become 

y'f Ac., that at the end of the second instant they have beccone a", fi", 
y*\ h" Ac., and so on. We may easily conclude from the proportions enun- 
ciated, that if the initial temperatures of the same points had been ga, gp, gy, 
gb Ac. is being any number whatever), they would have become, at the end id 
the first instant, by virtue of the action of the different points, ga*, gfi', gy\ 
gS' Ac., and at the end of the second instant, gi/\ gp'% gy", gS" Ac., and so on. 
For instance, let us compare the case when the iiutial tmperatures of the 
points, a, b, e, d Ac. were a, y, B Ac. with that in which they are 2a, 2fi, 2y, 
2S Ac., the medium preserving in both cases the temperature 0. In the second 
hypothesis, the difference of the temperatures of any two points whatever is 
double what it was in the first, and the excess of the temperature of each point, 
over that of each molecule of the medium, is also double; consequently "the 
quantity of heat which any molecule whatever sends to any other, or that 
which it receives, is, in the second hypotheds, double of that which it was in 
the first. The change of temperature which each point suffers being propor- 
tional to the quantity of heat acquired, it follows that, in the second ease, this 
change is double what it was in the first case. Now we have supposed that the 
initial temperature of the first point, which was a, became a' at the end of the 
first instant ; hence if this initial temperature haul been 2a, and if all the other 
temperatiures had been doubled, it would have become 2a'. The same would 
be the catse with aJl the other molecules b, c, d, and a similaur result would be 
derived, if the ratio insteari of being 2, w^e any niunber whatever g. It follows 
then, from the principle of the communication of heat, that if we increaase or 
diminish in amy ^ven ratio all the initial temperatures, we increase or diminish 
in the same ratio all the successive temperatures. 

This, like the two preceding results, is confirmed by observation. It could 
not have existed if the quantity of heat which passes from one molecule to 
another had not been, actually, proportional to the difference of the tem- 
p^tures. 

64. Observations have been made witii accurate instruments, on the pmmar 
nmit temperatures at different points of a bar or of a metallic ring, and on the 
propagation of heat in the same bodies and in several other solids of the form 
of spheres or cubes. The results of these experiments agree with those which 
are dmived from the preceding proportions. Ihey would be entirriy (fiffeieot 
if the quantity of heat transmitted frmn (me solid molecule to another, or to a 
mcdeoule of air, were not proporticmal to tire ex(sess of temperature. It iflt 
necessary first to know all the rigorous consequences of this propositipni.by il 
we determine the eUef part of the quantities whi<h are tire object, id, 
problem. By (Kunparu^ then the criculated values with those given by mimer* 
ous very exaet' experim^ts, we can eatify measure the variathtoa df 

and p^ect our first researches. 
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SEC5TION TV. 


FOTJEIER 


Cauf. 1 


On the Uniform and Linear Movement of Heat 


66 We shall consider, in the first place, the umform 

^plest case, which is that of an infinite sohd enclosed between two paralld 


suppose a soUd body formed of some homogeneous substanw to be 
end^ tetween two parallel and infinite planes; the lower plane A w main- 
STirany cause whatever, at a constant temperature a; we may imapne 
for example that the mass is prolonged, and that the plane “ a rection 
common to the solid and to the enclosed mass, pd is heated at aU ^ points by 
&■ constant source of heat; the upper plane B is also maintained by a similar 
cause at a fixed temperature b, whose value is less than that of a; the problem 
is to determine what would be the result of this hsTiothesis if it were continued 
for an infinite time. _ 1 

If we suppose the initial temperature of all parts of this body to be 6, it ia 
evident that the heat which leaves the source A will be propagated farther and •. 
farther and will raise the temperature of the molecules included between the 


two planes: but the temperature of the upper plane being unable, according to 
hypothesis to rise above b, the heat will be dispersed within the cooler mass, 
contact with which keeps the plane B at the constant temperature 6. The sys- 
tem of temperatures will tend more and more to a final state, which it will 
never attain, but which would have the property, as we shall proceed to shew, 
of existing and keeping itself up without any change if it were once formed. 

In the final and fixed state, which we are considering, the permanent tem- 
perature of a point of the solid is evidently the same at all points of the same 
section parallel to the base; and we shall prove that this fixed temperature, 
common to all the points of an intermediate section, decreases in arithmetic 
progression from the base to the upper plane, that is to say, if we represent the 
constant temperatures a and b by the ordinates Aa and B/3 (see Fig. 1), raised 



perpendicularly to the distance between the two planes, the fixed tempera- 
ture of the interm^ate layers will be represented by the ordinates of the 
rtmght line a0 which joins the extremitie a and thus, denoting by s the 
hei^t of ^ intera^iate section or its perpendicular distance from the plane 
A, by e the whole height or distance AB, and by v the temperature of the 

section whose hdght is «, we must have the equation 

fact, if the temperatures were at first established in accordance with this 
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law, and if the extreme surfaces A and B were always at the temperatures 
a and b, no change would happen in the state of the soUd. To convince our- 
selves of this, it will be sufficimt to compare the quantity of heat which would 
traverse an intermediate section A' with that which, during the same time, 
would traverse another section B\ 

Bearing in mind that the final state of the solid is formed and continues, we 
see that the part of the mass which is below and plane A' must communicate 
heat to the part which is above that plane, since this second part is cooler than 
the first. 

Imagine two points of the solid, m and m', very near to each other, and 
placed in any manner whatever, the one m below the plane A', and the other 
m' above this plane, to be exerting their action during an infinitely Hmall 
instant: m the hottest point will communicate to m' a certain quantity of heat 
which will cross the plane A\ Ijet x, y, z be the rectangular coordinates of the 
point m, and x', y', z' the coordinates of the point m' : consider also two other 
points n and n' very near to each other, and situated with respect to the plane 
B', in the same manner in which m and m' are placed with respect to the plane 
A’', that is to say, denoting by f the perpendicular distance of the two sections 
A' and B*, the coordinates of the point n will be x, y, 2+1' and those of the 
point n', x', y', a'+f ; the two distances mm' and nn' will be equal : further, tire 
difference of the temperature v of the point m above the temperature v' of the 
point m' will be the same as the difference of temperature of the two points 
n and In fact the former difference will be determined by substituting first 
z and then 2' in the general equation 

, 6—0 

p = a H 2, 

e ' 

and subtracting the second equation from the first, whence the result v— v' 

= ^ — - (2—2')- We shall then find, by the substitution of 24-f and 2 ' 4 -f, that 

the excess of temperature of the point n over that of the point n* is also ex- 
pressed by 

— (2-2'). 

It follows from this that the quantity of heat sent by the point m to the 
point m' will be the same as the quantity of heat sent by the point n to the 
point n', for all the elements which concur in determining this quantity of 
transmitted heat are the same. 

It is manifest that we can apply the same reasoning to every system of two 
molecules which communicate heat to each other across the section A' or the 
section B'; whence, if we could sum up the whole quantity of heat which 
flows, during the same instant, across the section A' or the section B', we 
should find this quantity to be the same for both sections. 

From this it follows that the part of the solid included between A' and B* 
recdves alwa3rs as much heat as it loses, and since this result is applicable to 
any pmrtion whatever of the mass included between two parallel sections, it is 
evident that no part of the solid can acquire a temperature highw tiian that 
which it has at present. Thus, it has been rigorously demonstrated that the 
state of the prism will continue to exist just as it was at first. 

Hence, the permanent temperatures of different sections of a solid enclosed 
between t^ paralld infinite planes, are represented by the orcfihates of a 
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line a/S, and satisfy the linear equation r«a+ ^ «• 

' 66# By what precedes we see distinctly what constitutes the propagation of 
heat in a solid enclosed between two parallel and infinite planes, each of which 
is maintained at a constant temperature. Heat penetrates the mass gradually 
across the lower plane: the temperatures of the intermediate^ sections are 
raised, but can never exceed nor even quite attain a certain lumt which they 
approach nearer and nearer: this limit or final temperature is ^fferent for 
different intermediate layers, and decreases in arithmetic progression from the 
fixed temperature of the lower plane to the fixed temperature of the upper 
plane. 

The final temperatures are those which would have to be given to the solid 
in order that its state might be permanent; the vadable state which precedes 
it may also be submitted to analysis, as we shall see presently : but we are now 
considering only the system of final and permanent temperatures. In the lasu 
state, during each division of time, across a section parallel to the base, or a^ 
definite portion of that section, a certain quantity of heat flows, which is ; 
constant if the divisions of time are equal. This uniform flow is the same for all 
the intermediate sections; it is equal to that which proceeds from the source, 
and to that which is lost during the same time, at the upper surface of the 
solid, by virtue of the cause which keeps the temperature constant. 

67. The problem now is to measure that quantity of heat which is propa- 
gated uniformly within the solid, during a given time, across a definite part of 
a section parallel to the base: it depends, as we shall see, on the two extreme 
temperatures a and 6, and on the distance e between the two sides of the solid; 
it would vary if any one of these elements began to change, the other remain- 
ing the same. Suppose a second solid to be formed of the same substance as the 
first, and enclosed between two infinite parallel planes, whose perpendicular 


V 



distance is s' (see Rg. 2) : the lower side is maintained at a fixed temperature a% 
and the upper side at the fixed temperature b ' ; both solids are considered to be 
ill that final and permanent state which has the property of maintaining ttsplf 
as soon as it has been formed. Thus the law of the temperatures is ei^ressed 

for the first body by the equation »-o+ ^ and for the second, by ^ 

i^uation u®*a -1 -p s, v in the first solid, and u in the second, beSng the 
t^nperature of the section whose hei^t is s. 
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Thjs arraaead, ve idU oomi>a«« the quaatatjjr ei heat which, dimog the trait 
of ^e Ixaversee a unit of e%ea taken on an intermediate eectitm L of Iheifinst 
eolid, with that whidi duiii^ Ihe same time traverses an equal area taken on 
the section U of the second, € bdng the height common to the two sections, 
that is to say, the distance of each of them from thdr own base. We 
consider two very near points n and n' in the first body, one of which n is be* 
low the plane L and the other n' above this plane: x, y, z are the co-ordinotee 
of n: and s', t/', z' the co-ordinates of n', c being less than z', and greater 
than z. 


We shall consider also in the second solid the instantaneous action of two 
points p and p', which are situated, with respect to the section L', in the same 
manner as the points n and n' with respect to the section L of the first stdid. 
Thus the same co-ordinates s, y, z, and s', y', s' referred to three rectangular 
axes in the second body, will ^ also the position of the points p and p'. 

Now, the distance from the point n to the point nf is equal to the distance 
from the point p to the point p', and since the two bodies are formed of the 
same substance, we conclude, according to the principle of the communication 
of heat, that the action of n on n', or the quantity of heat ^ven by n to n', and 
the action of p on p', are to each other in the same ratio as the differences, of 
the temperature v—v' and u—u\ 

Substituting v and then v' m the equation which belongs to the first solid, 

and subtracting, we find a— «'= — ~ (z— z'); we have also by means of the 

0 


b'-a' 


(z— z'), whence the ratio of the two actions in 


second equation «—«'= 
question is that of - — - to . 

C € 

We may now imagine many other sterns of two molecules, the first of 
which sends to the second across the plane L, a certain quantity of heat, and 
each of these systems, chosen in the first solid, may be compared witii a 
homologous system tituated in the second, and whose action is exerted across 
the section L'; we can thm apply again the previous re^oning to prove tiiat 

the ratio of the two actions is always that of to — . 

Now, the whole quantity of heat which, during one instant, crosses the sec- 
tion L, results from the simultaneous action of a multitude of systems each 
which is formed of two points; hence this quantity of heat and that which, in 
the second solid, crosses during the same instant the section !>', are also to each 

other in the ratio of ** ^ to • , 

e e' 

It is easy then to comimre with each other the intensitieB of the constant 
flows of heat which are propagated uniformly in the two scdids, that is to say, 
the quantities of heat which, during unit of time, cross unit of surface oi each 

these bodies. The ratio of tiieSe intentities is that of the two quotients 

•* = 

axid — } — . If the two quotients are equal, the flows are the same, whatever in 
other respects the values u, b, e, o', 6', e', may be; in general, d^oting the jfiret 
by Fond the second by we shall have^ > 
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68. Suppose that in the second solid, the permanent temperature a of the 
lower plane is that of boiling water, 1; that the temperature c' of the upper, 
plane is that of melting ice, 0; that the distance V of the two planes is the unit 
of measure (a metre); let us denote by K the constant flow of heat which, 
during unit of time (a minute) would cross unit of surface in this last solid, if it 
were formed of a given substance ; K expressing a certain number of units of 
heat, that is to say a certain number of times the heat necessary to convert a 
kilogramme of ice into water: we shall have, in general, to determine the 
constant flow F, in a solid formed of the same substance, the equation 


F 

K 


a-b 


otF 


a—b 


e e 

The value of F denotes the quantity of heat which, during the unit of time, 
passes across a unit of area of the surface taken on a se^ction parallel to the base^ 
Thus the thermometric state of a solid enclosed between two parallel 
infinite plane sides whose perpendicular distance is e, and which are mainA 
tained at fixed temperatures a and b, is represented by the two equations 


V 


■ b ““ (t j jgl IT-® b 

a H z, and F = K 

e ’ e 


or 




-K 


dv 
dz ‘ 


The first of these equations expresses the law according to which the tem- 
peratures decrease from the lower side to the opposite side, the second indi- 
cates the quantity of heat which, during a given time, crosses a definite part of 
a section parallel to the base. 

69. We have taken this coefficient Ky which enters into the second equation, 
to be the measure of the specific conducibility of each substance; this number 
has very different values for different bodies. 

It represents, in general, the quantity of heat which, in a homogeneous solid 
formed of a given substance and enclosed between two infinite parallel planes, 
flows, during one minute, across a surface of one square metre taken on a sec- 
tion parallel to the extreme planes, supposing that these two planes are main- 
tained, one at the temperature of boiling water, the other at the temperature 
of melting ice, and that all the intermediate planes have acquired and retain a 
permanent temperature. 

We might employ another definition of conductivity, since we could esti- 
mate the capacity for heat by referring it to unit of volume, instead of referring 
it to unit of mass. All these definitions are equally good provided they are clear 
and precise. 


We shall shew presently how to determine by observation the value K of 
the conducibility or conductibility in different substances. 

70. In order to establish the equations which we have cited in Article 68, it 
would not be necessary to suppose the points which exeri their action across 
the planes to be at extremely small distances. 

The results would still be the same if the distances of these points had any 
magnitude whatever; they would therefore apply also to the case where the 
direct action of heat extended within the mterior of the mass to veiy consider* 
^ble distoces, aU the^cumstances which constitute the hypothesis remain- 
ing. m other respects the same. 


We need supi^ the canee which maintome the lemperaturee at 
Am ainf ace of the aohd, aa«ts not only tlmt part of the nuee Shich in e*. 
tremdy near to the surface, but that its action extends to a finite depth. The 
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equation v » a- z will still represent in this case the permanent temper* 

atures of the solid. The true sense of this proposition is that, if we give to all 
points of the mass the temperatures expressed by the equation, and if besides 
any cause whatever, acting on the two extreme laminte, retained always every 
one of their molecules at the temperatiue which the same equation assigns to 
them, the interior points of the solid would preserve without any change tiidr 
initial state. 

If we supposed that the action of a point of the mass could extend to a finite 
distance c, it would be necessfuy that the thickness of the extreme laminee, 
whose state is maintained by the external cause, should be at least equal to e. 
But the quantity e having in fact, in the natural state of solids, only an inap- 
preciable value, we may make abstraction of this thickness; and it is sufficient 
for the external cause to act on each of the two layers, extremely thin, which 
bound the solid. This is always what must be understood by tire exprestion, to 
mairiimn the temperature of the surface constant, 

71. We proceed further to examine the case in which the same solid would 
be exposed, at one of its faces, to atmospheric air maintained at a constant 
temperature. 

Suppose then that the lower plane preserves the fixed temperature a, by 
virtue of any external cause whatever, and that the upper plane, instead of 
being maintained as formerly at a less temperature 6, is exposed to atmospheric 
fdr mfuntained at that temperature h, the perpendicular distance of the two 
planes being denoted always by e: the problem is to determine the final tem- 
peratures. 

Assuming that in the initial state of the solid, the common temperature of 
its molecules is & or less than 6, we can readily imagine that the heat which 
proceeds incessantly from the source A penetrates the mass, and raises more 
and more the temperatures of the intermediate sections; the upper surface is 
gradually heated, and permits part of the heat which has penetrated the solid 
to escape into the air. The system of temperatures continually approaches a 
final state which would exist of itself if it were once formed; in this final state, 
which is that which we are considering, the temperature of the plane B has a 
fixed but unknown value, which we will denote by P, and since the lower plane 
A preserves also a permanent temperature a, the ^stem of temperatures is 

a ^ 

represented by the general equation i» = a+ - — z, v d^oting always the fixed 

temperature of the section whose height is z. The quantity of heat which flows 
during unit of time across a unit of surface taken on any section whatev^ is 

, k denoting the interior condudbility . 

We must now consider that the upper surface B, whose temperature is /9, 
permits the escape into tiie air of a certain quantity of heat which must be 
exactly equal to that which crosses any section whatever L of the solid. If it 
were not so, the part of the mass included between this section L and the plane 
B would not recdve a quantity of heat equal to that which it loses; hence it 
would not maintain its state, which is contrary to hypothesis; the constant 
flow at the surface is therefore equal to that which traverses tiie solid: now, the 
quantity of heat which escapes, during unit of time, from unit of surface tak^ 
on the plane B, is expressed by h{0—b), b bring the fixed temp^nture of the 







h the measure of the condudbilitgr of the surface B; tre mt|st Iherefore 

imve the equation K - — - =* 6), which will detennine the value of 0. 

c 

From tius may be derived 0-/9= 

ber is known; for the temperatures a and b are given, as are also the quantities 

JCf Sm 

Introducing this value of a—0 into the general equation i»=o+ — " «, we 
shall have, to express the temperatures of any section of the solid, the equation 
o— »=* ™ known quantities only enter with the corresponding 

variables v and z. 

72. So far we have determined the final and perm^^t state of the temper-j 
atxires in a solid enclosed between two infinite and parallel pltme surfaces,^ 
maintained at unequal temperatures. This first caseis, properly speaking, thecase 
of the linear and uniform propagation of heat, for there is no transfer of heat in 
tiie plane parallel to the sides of the solid ; that which traverses the solid flows uni- 
formly, since the value of the flow is the same for all instants and for all sections. 

We will now restate the three chief propositions which result from the 
examination of this problem; they are susceptible of a great number of applica- 
tions, and form the first elements of our theory. 

1st. If at the two extremities of the thickness e of the solid we erect perpen- 
diculars to represent the temperatures a and b of the two sides, and if we draw 
the straight line which joins the extremities of these two first ordinates, all the 
intmnediate temperatures will be proportional to the ordinates of this straight 

line; they are expressed by the general equation a—v= - — - z, v denoting the 


temperature of the section whose height is z. 

2nd. The quantity of heat which flows uniformly, during unit of time, across 
unit of surface taken on any section whatever parallel to the sides, all other 
things being equal, is directly proportional to the difference a— t of the ex- 
treme temperatures, and inversely proportional to the distance e which 

separates these tides. The quantity of heat is expressed by K ,ot —K^, 

if WB derive from the general equation the value of ^ which is constant; thia 

uzuform flow may always be represented, for a given substance and in the solid 
ppder CT amin ation, by the tangent of the angle included between the perpen- 
dicular e and the straight line whose ordinates represent the temperatures. 

3rd. One of the extreme surfaces of the solid being submitted always to the 
teuipoBture o, if the other plane is exposed to air maintainty i at a fixed 
tranperature 6; the plane in contact with the air acqubes, as in tiie preceding 
case, a fix^ temperature 0, greater than 6, and it permits a quantity of heat 
tp escape into the air across unit of surface, during unit of which » 
eiqnessed by hi0—b), k denoting the external conducibility of the planA. 

;; Thesameflowof heat 6) is equal to that which traverses the prism and 

ithbse vtiue is Kia~0); we have therefore the equation h{0- b)^K ^''^ , 
gives the value ' 
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SECTION T. Law of the Tmnemenit TemperObata in 
a Prism of SmaU Thickness 

73. We shall ea^y apply the principles which have just been explained to the 
following problem, very simple in itself, but one whose solution it is important 
to base on exsict themy. 

A metal bar, whose form is that of a rectangular parallelepiped infinite in 
Imigth, is exposed to the action of a source of heat which produces a constant 
temperature at aU points of its extronity A. It is required to determine the 
fixed temperatures at the different secrions of the bar. 

The section perpendicular to the axis is supposed to be a square whose ride 
21 is so small that we may without sensible error consider the temperatures to 
be equal at different points of the same section. The air in which the bar is 
placed is maintained at a constant temperature 0, and carried away by a 
current with uniform velocity. 

Inride the solid, heat will pass successively all parts rituated to the right or 
left (pro re nata) of the source, and not exposed directly to its action,' they 
will be heated more and more, but the temperature of each point will not 
increase beyond a certain limit. This maximum temperature is not the same 
for every section; it in general decreases as the distance of the section from the 
origin increases: we shall denote by v the fixed temperature of a section per- 
pendicular to the axis, and rituated at a distance x from the origin A. 

Before every point of the solid has attained its highest degree of heat, the 
aystem of temperatures varies continually, and approaches more and more to 
a fixed state, which is that which we consider. This final state is kept up of 
itself when it has once been formed. In order that the aystem of temperatures 
may be permanent, it is necessary that the quantity of heat which, during unit 
of time, crosses a section made at a distance x from the origin, should balance 
exactly all the heat which, during the same time, escapes through that part oi 
the external surface of the prism which is rituated to the right of the same 
section. The lamina whose thickness is dx, and whose external surface is Skte, 
allows the escape into the air, during unit of time, of a quantity of heat ex- 
pressed by Shlv'dx, h being the measure of the external condudbility of the 
prism. Hence taking tlie integral /SAfo-dx from to <», we shall find 
the quantity of heat which escapes from the whole surface of the bar during 
unit of time; and if we take the same integral from x»0 to x^x, we shall have 
the quantity of heat lost through the part of the surface included betwemi the 
source of heat and the section made at the distance x. Denoting the first 
int^ral by C, whose value is constant, and the variable value of the secoml by 
/ Shh'dx; the difference C— fShlo-dz will express the whdle quantity of heat 
which escapes into tiie air across the part of the surface rituated to the right of 
the section. On the other hand, the lamina of the solid, encl(»ed between two 
sections infimtdiy near at disttmces x and x+dx, most resonble an infinit e 
solid, bounded by two parallel planes, subject to fixed temperatures v and 
p+ds, by hypotheris, the temperature does not vary throuf^out the whde 
extent ai the tuumt* secti<m. The thickness of the solid is dx, and the area d toe 
secrion is 4P: hence toe quantity d heat whito flows uniform^, during uidt of 
time, aimass a se^on of this solid, u, according to the preceding i»iariplsE^ 

bring toe sperific internal conduorivity: we must toerriOtoiATe 
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the equation 

^ = C -imo-dx. 


whence 

II 



74. We should obtain the same result by considering the equilibrium of heat 
in a single lamina infinitely thin, enclosed between two sections at distances 
X and x+dx. In fact, the quantity of heat which, during unit of time, crosses 

the first section situated at distance a:, is — . To find that which flows dur- 

ing the same time across the succestive section situated at distance x-|-dx, 
we must in the preceding expression change x into x+dx, which gives 


-4PJi: 


[!+<§)]• 


If we subtract the second expression from the first ' 


ahnll find how much heat is acquired by the lamina bounded by these two se^ 
tions during unit of time; and since the state of the lamina is permanent, it 
follows that all the heat acquired is dispersed into the air across the external 
surface 8ldx of the same lamina: now the last quantity of heat is SMvdx: we 
aha.ll obtain therefore the same equation 


Shlvdx — 4PKd 


/M 

\dx/’ 


whence 


75. In whatever manner this equation is formed, it is necessary to remark 
that the quantity of heat which passes into the lamina whose thickness is dx, 

has a finite value, and that its exact expression is —4PK ^ . The la.Tnina being 

enclosed between two surfaces the first of which has a temperature v, and the 
second a lower temperature v', we see that the quantity of heat which it 
receives through the first surface depends on the difference v—v', and is pro- 
portional to it: but this remark is not sufficient to complete the calculation. 
The quantity in question is not a differential: it has a finite value, since it is 
equivalent to all the heat which escapes through that part of the external sur- 
face of the prism which is situated to the right of the section. To form an exact 
idea of it, we must compare the lamina whose thickness is dx, with a solid 
temunated by two parallel planes whose distance is e, and which are main- 
tained at imequal temperatures a and h. The quantity of heat which passes 
into such a prism across the hottest surface, is in fact proportional to the 
difference a—hoi the extreme temperatures, but it does not depend only on 
this difference: all other things being equal, it is less when the prism is thicker, 

and in general it is proportional to - — - . This is why the quantity of heat 


which passes through the first surface into the lamina, whose thickness is dx, is 
pK.portiomJto!^. 

We lay stress on this remark because the neglect of it has been the first 
obstacle to the establishment of the theory. If we did not make a complete 
analysis of the dements of the problem, we should obtain tux equation not 
homogeneous, and, a fortiori, we should not be able to form the equations 
wMeh express the movement of heat in more complex cases. 
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It was necessary also to introduce into the calculation the dimennons of the 
prism, in order that we might not regard, as general, consequences which ob^ 
servation had furnished in a particular case. Thus, it was discovert by expm- 
ment that a bar of iron, heated at one extremity, could not acquire, at a 
distance of six feet from the source, a temperature of one degree (octogesi- 
malO ! for to produce this effect, it would be necessary for the heat of the source 
to surpass considerably the point of fusion of iron; but this result depends on 
the tMckness of the prism employed. If it had been greater, the heat would 
have been propagated to a greater distance, that is to say, the point of the 
bar which acquires a fixed temperature of one degree is much more remote 
from the source when the bar is thicker, all other conditions remaining the 
same. We can always raise by one degree the temperature of one end of a bar 
of iron, by heating the solid at the other end; we need only give the radius of 
the base a sufficient length: which is, we may say, evident, and of which 
besides a proof will be foxmd in the solution of the problem (Art. 78). 

76. The integral of the preceding equation is 

»=Ae"*VE4-Be+*VB, 

A and B being two arbitrary constants; now, if we suppose the distance x 
infinite, the value of the temperature v must be infinitely small ; hence the term 
does not exist in the integral: thus the equation »=Ac~*\/^ represents 
the permanent state of the solid; the temperature at the origin is denoted by 
the constant A, since that is the value of v when x is zero. 

This law according to which the temperatures decrease is the same as that 
given by experiment; several physicists have observed the fixed temperatures 
at different points of a metal bar ex|x>sed at its extremity to the constant 
action of a source of heat,^ and they have ascertained that the distances from the 
origin represent logarithms, and the temperatures the corresponding numbers. 

77. The numerical value of the constant quotient of two consecutive tem- 
peratures being determined by observation, we easily deduce the value of the 

ratio ^ ; for, denoting by t>i, »2 the temperatures corresponding to the dbtances 

xi, Xi, we have 

^ log ft -log Vi. 

tia \K Xg-Xi 

As for the separate values of h and K, they cannot be determined by experi- 
ments of this kind: we must observe also the varying motion of heat. 

78. Suppose two bars of the same material and different dimensions to be 
submitted at their extremities to the same temperature A ; let h be the side of 
a section in the first bar, and Is in the second, we shall have, to express the 
temperatures of these two solids, the equations 

/2h /2h 

vi‘=Ae~‘^'V xit and v kj*, 

Vi, in the first solid, denoting the temperature of a section made at distance Xi, 
and va, in the second solid, the temperature of a section made at distance Xs. 

When these two bars have arrived at a fixed state, the temperature of a 
section of the first, at a certain distance from the source, will not be equal to 

. >Bea|Uiier’a aoals of temperature. 

>The oondueting power X ie not oonatant, but diminishes as the temperature iaereases. 
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tbe tensfii^tiirectf A geetion.of the second at the same distant tnm the foens; 
m onder that the fixed temperatores may be equal, the dtstaoees must be 
(fiffeijent. If we wish to compare with e^h other the distances Xi mid xj from 
the origm up to the points which in the two bars attain the same temperature, 
we must equate the second members of these equations, and from them we 

conclude that ~ r . Thus the distances in question are to each other as the 

square roots of the thicknesses. 

79. If two metal bars of equal dimensions, but formed of different sub- 
stances, are covered with the same coating, which gives them the same external 
conducibility, and if they are submitted at their extremities to the same 
temperature, heat will be propagated most easily and to the greatest distance 
from the origin in that which has the greatest conductivity. To compare with 
each other the distances Xi and X 2 from the common origin up to the pomts 
which acquire the same fixed temperature, we must, after denoting the reside- 
tive conducibilities of the two substances by Ki and K 29 write the equation 

e-Wm * e-**''/® , whence ^ . \ 

' Kt \ 

Thus the ratio of the two conductivities is that of the squares of the 
(fistances from the common origin to the points which attain the same fixed 
temperature. 

80. It is easy to ascertain how much heat flows during unit of time through a 
section of the bar arrived at its fixed state: this quantity is expressed by 

— 4/CP^ , or 4ri. ■\/2Khl* • f-od if we take its value at the origm, we shall 

have 4A\/2Khl^ as the measure of the quantity of heat which passes from the 
source into the solid during unit of time; thus the expenditure of the source of 
heat is, all other things being equal, proportional to the square root of the cube 
of the thickness. 

We should obtain the same result on taking the integral JSMv'dx from x 
nothing to x infinite. 

SECTION VI. On the Heating of Closed Spaces 

81. We shall again make use of the theorems of Article 72 in the following 
problem, whose solution offers useful applications; it consists in determining 
tiie extent of the heating of closed spaces. 

Imagine a closed space, of any form whatever, to be filled with atmospheric 
air and closed on all sides, and that all parts of the boundary are homogeneous 
and have a common thickness e, so small that the ratio of the external surface 
to tire internal surface differs little from unity. The space which t.hi« boundary 
tocminates is heated by a source whose action is constant; for example, by 
means of a siuface whose area is o maintained at a constant temperature a. 

We consider here only the mean temperature of the air contained in the 
^pace, without regard to the unequal distribution of heat in this mass of six', 
i&us we suppose t^t the existing causes incemantly mingle all the portions of 
and nmhe l&eir temperatures uniform. 

^ We see first that the heat which continually leaves the source spreads its^ 
in the surrounding air and penetrates the mass of which the boundary is 
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fotooed, IB pBr% dispetBod mt tiwBurf&ce, and paaMs iiH» Hie extermd wir, 
whidi we suppoae to be maanteined at a lowe^ aad.pennanctot temperature «; 
Ibe inner air is heated more and more: the same ia tiie case vith the sdid 
boundary: the ssrstcun of temperatures steadily approaches a final state udueh 
is the object of the problem, and has the property of edsting by itself and of 
being kept up unchanged, provided the surface of the source a be maintained 
at the temperature a, and the external air at the temperature n. 

In the permanent state which we wish to determine the air preserves a fixed 
temperature m; the temperature of the inner surface a of the solid boundary 
has also a fixed value a; lastly, the outer surface a, which terminates the enclos- 
ure, preserves a fixed temperature 6 less than a, but greater than n. The quan- 
tities O’, at, a, e and n are known, and the quantities m, a and b are unknown. 

The degree of heating consists in the excess of the temperature tn over n, the 
temperature of the external air; this excess evidently depends on the area v 
of the heating surface and on its temperature a; it depend also on the thick- 
ness e of the enclosure, on the area a of the surface which bounds it, on the 
facility with which heat penetrates the inner surface or that which is oppodte 
to it; finally, on the specific conductivity of the solid mass which forms the 
enclosure: for if any one of these elements were to be changed, the others 
remaining the same, the degree of the heating would vary also. The problem is 
to determine how all these quantities enter into the value of m—n. 

82. The solid boundary is terminated by two equal surfaces, each of which is 
maintained at a fixed temperature; every prismatic element of the solid 
enclosed between two opposite portions of these surfaces, and the normals 
raised roimd the contour of the bases, is therefore in the same state as if it 
belonged to an infinite solid enclosed between two parallel planes, maintained 
at unequal temperatures. All the prismatic elements which compose the 
boundary touch along their whole length. The points of the mass which are 
equidistant from the inner surface have equal temperatures, to whatever 
priran they belong; consequently there cannot be any transfer of heat in the 
direction perpenchcular to the lei^ith of these piisms. The case is, therefore, 
the same as that of which we have already treated, and we must apply to it 
the linear equations which have been stat^ in former articles. 

83. Thus in the permanent state which we are considering, tiie flow of heat 
which leaves the surface <r during a unit of time, is equal to that which, during 
the same time, passes from the surroundii^ air into the inner surface of the 
enclosure; it is equal also to that which, in a unit of time, crosses an into^ 
mediate section made within the solid enclomire by a surface ^ual and paralldl 
to those which bound this enclosure; lastly, tiie same flow is again equid to 
tiiat which passes from the solid muflosure across its external surface, and is 
dkpmsed into tiie air. li these four quantities of flow of heat were not equal, 
some variation would necessarily occur in the state ci the temperatures, which 
is contrary to the l^^thesis. 

The first quantily is expressed by denoting g the external 

eonducUiiHiy c£ the surface v, which belongs to the source of heat. 

The8eGondi8s(m— a)A,theeoefiEicimit/tbdngtiiemea8ureof theextomaloon* 
dudbility of the surface a, which is exposed to the action of the source of 

Hhe tiurd is K, the coi^dmit ^ bdi^ the nieasure of the cqnjdh^ 
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The fourth is »(6— n)fl', denoting by H the external conductivity erf the 
Buiface «, which the heat quits to be dispersed into the air. The coeffiknents h 
and H may have very unequal values on account of the difference of the state 
of the two surfaces which bound the enclosure; they are supposed to be known> 
as also the coefficient K : we shall have then, to determine the three unknown 
quantities m, a and b, the three equations: 


<T(a—m)g=s(ni—a)h, 
(r{a—m)g=8 — — 


<r(a—tn)g — s(b—n)H. 


84. The value of is the special object of the pi^blem. It may be foimd/by 
writing the equations in the form 


OT— o= - f (a—m), 
a-b= I ^ (a-w), 
^ ^ (a-m); 


adding, we have 


in—n — (a—m)P, 


denoting by P the known quantity 





whence we conclude 


m—n=‘{a—n) 


P 

l+P 




85. The result shews how m—n, the extent of the heating, depends on given 
quantities which constitute the hypothesis. We will indicate the chief results 
to be derived from it. 

1st. The extent of the heating m — n is directly proportional to the excess of 
the temperature of the source over that of the external air. 

2nd. The value of m—n does not depend on the form of the enclosure nor on 

its volume, but only on the ratio | of the surface from which the heat proceeds 

to the surface which receives it, and also on e the thickness of the botmdary. 

If we double <r the surface of the source of heat, the extent of the heating 
does not become double, but increases according to a cai^ain law which the 
equation expresses. 

3rd. All the specific coeflSdents which regulate the action of the heat, that is 
to say, g, H and h, compose, with the dimention c, in the value of m—n a 

tingle element f + ^ ^ » whose value may be determined by observation. 

If vfe doubled^e the thickness of the boundary, we should have the 
xetiilt if, in forming it, we employed a substance whose conductivity pr(fl[>ep 
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was twice as great Thvis the emplc^irinmt of Bubstances which are bad doof 
ductors of heat permits us to make the thickness of the bounda^ small; the 

effect which is obtained depends only on the ratio . 


4th. If the conducibility K is nothing, we find m=a; that is to say, the 
inner air assumes the temperature of the source: the same is the case if H is 
zero, or h zero. These consequences are otherwise evident, since the heat can- 
not then be dispersed into the external air. 

5th. The values of the quantities g, H, h, K and a, which we supposed 
known, may be measured by direct experiments, as we shall shew in the 
sequel; but in the actual problem, it will be sufficient to notice the value of 
m—n which corresponds to given values of a and of a, and this value may be 

used to determine the whole coefficient f + ^ oceans of the equation 


w— n=(a— n) - 
' •' s 



in which p denotes the coeffident sought. We 


must substitute in this equation, instead of - and a— n, the values of those 

quantities, which we suppose given, and that of m—n which observation will 
have made known. From it may be derived the value of p, and we may then 
apply the formula to any number of other cases. 

6th. The coefficient H enters into the value of m—n in the same manner as 
the coefficient h] consequently the state of the surface, or that of the envelope 
which covers it, produces the same effect, whether it has reference to the inner 
or outer surface. 

We should have considered it useless to take notice of these different conse- 
quences, if we were not treating here of entirely new problems, whose results 
may be of direct use. 

86. We know that animated bodies retmn a temperature sensibly fixed, 
which we may regard as independent of the temperature of the medium in 
which they live. These bodies are, after some fashion, constant sources of heat, 
just as inflamed substances are in which the combustion has become uniform. 
We may then, by aid of the preceding remarks, foresee and regulate exactly 
the rise of temperature in places where a great number of men are coUected 
together. If we there observe the height of the thermometer under given cir- 
cumstances, we shall determine in advance what that height would be, if the 
number of men assembled in the same space became very much greater. 

In reality, there are several accessory circumstances which modify the 
results, such as the unequal thickness of the parts of the enclosure, the 
difference of their aspect, the effects which the outlets produce, the imequid 
distribution of heat in the air. We cannot therefore rigorously apply the rules 
given by analytis; nevertheless these rules are valuable in themselves, because 
they contain the true principles of the matter: they prevent vague reasonings 
and useless or confused attempts. 

87. If the same space were heated by two or more sources of different lands, 
or if the first enclosure were itself contained in a second enclosure separated 
from the first by a mass of air, we mi^ht easily determiae in like nmnner the 
degree of heating and the temperature of the surfaces. 

If -we suppose that, besides tiie first source a, there is a second h^ted sur- 
face v, whose constant temp^ature is andextanal ccmductivity i, we shall 
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fiadi afi the other deoxamiiaitioDB being retained, the following equation: 


m—n^ 


(g — w) gg 4- O -- n)v3 
8 








If we Buppoee only one source ir, and if the first enclosure is itself contained 
in a second, s', A', K', H\ e', representing the elements of the second enclosure 
which correspond to those of the first which were denoted by s. A, K, H, c; we 
ftha.ll find, p denoting the temperature of the air which surroimds the external 
surface of ihe second enclosure, the following equation: 


(g-p)P ' ' 
1+P 


The quantity P represents 


£ 

8 


\h^ h)^ 


K‘ 


+ 


0 


\ 


We should obtain a similar result if we had three or a greater number of suc- 
cesmve enclosures; and from this we conclude that these solid envelopes, 
separated by air, assist very much in increadng the degree of heating, however 
small their thickness may be. 

88. To make this remark more evident, we will compare the quantity of heat 
which escapes from the heated surface, with that which the same body would 
lose, if the surface which envelopes it were separated from it by an interval 
fflled with air. 

If the body A be heated by a constant cause, so that its surface preserves a 
fixed temperature 6, tiie air being maintained at a less temperature a, the 
quantity cd heat which escapes into the air in the unit of time across a imit of 
oirface will be expressed by A(6— o), A being the measure of the external con- 
ductivity. Hence in order that the mass may preserve a fixed temperatture b, 
it is necessary that the source, whatever it may be, should furnish a quantity 
of heat equal to hS(]b—a), S denoting the area of the surface of the solid. 

Supi)ose an extremely thin shell to be detached frcnn the body A and 
separated from the solid by an interval filled with air; and suppose the surface 
of the same solid A to be still maintained at the temperature b. We see that the 
air contained between the shell and the body will be heated and will t^e a 
tonpraature a' greater than a. The shell itself will attain a permanent state 
and will transmit to the external air whose fixed temperature is a all the heat 
wMdi the body loses. It follows that the quantity of heat from the 

soUd wdll be A5(6— o'), instead of bong AjS(6--o), for we suppose that the new 
surface of tire solid and the surfaces which bound the shell have likewise the 
same external conducubility A. It is evident that the e]q)aiditure of Ihe sooroe 
of ' heat will be less tium it was at first. The problem is to detennine tho esact 
■ratio these quantities. 

89. I^ 8 be the thickne ss of the shdl, nt the fixed temperature its innmr 
surface, n that of its outer surface, and K its internal (XModuetivity. We "haM 
-Imve, as the oxpresGimi vi the quantity ^ heat which leaves th e scdid throuid) 
its surface, hS(6-o'). 
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As tliat Hie quantity which penetrates Hie inner surface Hie shdl, 
AS(o'-«»). 

As that of the quantity which crosses any section whatever of the suns 

eheU,i5:S^. 

' e 

Lastly, as the expression of the quantity which passes through the outex 
surface into the air, ftS(n— o). 

All these quantities must be equal, we have therefore the following equa* 
tions: 

a)=s ~ (m— ?i), 

B 

hiri’-a) —m)f 

/i(n— a'). 

If moreover we write down the identical equation 

/i(n— a)=*^(n— a), 

and arrange them all under the forms 


w— a=n— a, 

m— n= ^ (n— a), 

a'— m=n—a, 

6— a'=*n— o, 

we find, on addition, 


5*-as=(n— a) 



The quantity of heat lost by the solid was a), when its surface com- 
municated freely with the air, it is now feS(6—a') or feS(n— a), which is equiva- 
lent to hS — % . 

3+^ 


The first quantity is greater than the second in the ratio of 3+ ^ to 1. 

In order therefore to maintain at temperature b a solid whose surface com- 
municates directly to the air, more than three times as much heat is necessary 
than would be required to maintain it at temperature 6, when its extreme 
surface is not adherent but separated from the solid by any small interval 
whatever filled with air. 

If we suppose the thickness 6 to be infinitely small, the ratio of the quantities 
of heat lost will be 3, which would also be the value if K were infinitely great* 

We can easily account for this result, for the heat being unable to escape 
into the external air, without penetrating several surfaces, the quantity which 
flows out must diminish as the number of interposed surfaces increases; but 
we should have been unable to arrive at any exact judgment in tins case, if the 
problem had not been submitted to analysis. 

90. We have not considered, in the preceding article, the effect of radiation 
across the layer of air which separates the two sur&u^es; nevertiidess this 
circumstance mochfies the problrai, since there is a portion of heat which 
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pMieB diraetiy aacom tiie>inierved]ag -air^^W* shall suppose' tfaen,;.^ -aoake.tiw 
object of the analy^ more distinct, that the interval between the surface^ ifl 
tree frcm air, and that the heated body is covered by asor number whatever of 
parallel laminie separated from each other. 

If the heat which escapes from the solid through its plane superficies tnain- 
tsimed «t a temperature b expanded itsdf freely in vacuo and was received by a 
parallel surface maintained at a less temperature a, the quantity which would 
bo'dispersed in unit of time across unit of surface would be proportional to 
(6— o), the difference of the two constant temperatiures: this quantity would 
Ite represented by H(b—a), H being the value of the relative conducibility 
which is not the same as h. 

The source which maintains the solid in its original state must therefore 
furnish, in every unit of time, a quantity of heat equal to HS(b—a). j 
We must now determine the new value of this expenditure in the case whffle 
the surface of the body is covered by several successive laminae separated by 
intervals free from air, supposing always that the solid is subject to the action 
of any external cause whatever which maintains its surface at the temperature ^ 
Imagine the whole system of temperatures to have be^me fixed; let t>ii b^ 
the temperature of the under surface of the first lamina which is consequently' 
opposite to that of the solid, let m be the temperature of the upper surface of 
the same lamina, e its thickness, and K its specific conductivity; denote also 
by mi, ni, m 2 , n 2 , ms, »s, ms, ns, &c. the temperatures of the under and upper 
surfaces of the different laminae, and by K, e, the conductivity and thiclmess 
of the same laminae; lastly suppose all these surfaces to be in a state similiar to 
the surface of the solid, so that the value of the coelBBcient H is common to them. 

The quantity of heat which penetrates the under surface of a lamina cor- 
responding to any sufiSx i is HS(ni^i—mi), that which crosses this lamiTiM. is 
KS 

-—(ms— ns), and the quantity which escape from its upp>er surface is 

jff<S(n<— mi+i). These three quantities, and all those which refer to the other 
laminea are equal; we may therefore form the equation by comparing all these 
quantities in question with the first of them, which is HS(b'-mi); we shall 
thus have, denoting the number of laminae by j: 

6— mi = 6— mi, 
ni— m8=6— mi, 

_ He .. . 


mi. ' 

Ad di n g these equations, we find 

(6-0) - (6-mi)i ^H- 1. 

Tlife expenditure df the source of heat neorasary to miwntAin the surface of 
body A at the temporal^ b is HS{b'-a), when this surface sends its rays 
•td a fixed surfaoe maintained at the teanp«?atufe a, -T^ expemfituntii 
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iErS({rr4m^ wJmd wfdBce'telnMiQilie Hie bot^ iA, and 

era^ee mainfa i ina d iait temperature a, AmuBlieir j of nolated laauaesit^aaitliB 
quaof^y of lieat. whidi His aotmieimiust fumuh istvery muHi lees in tbe second 


hypotheses than in the first, and the ratio of the two quantities is 




If we suppose the thickness e oi the lamins to be infimtely smaJl, Hie ratio 

is . The expenditure of the source is then invo^y as the number of 

laminae which coveir the surface, of the solid. 

91. The examination of these results and of those which we obtained ahen 


the intervids between successive enclosures were occupied by atmospheric dor 
explain clearly why the sepamtion of surfaces and the intervention of ak 
assist very much in retaining heat. 

Analysis furnishes in addition analogous consequences when we suppose the 
source to be external, and that the heat which' emanates frcnn it crosses suc- 


cessively different diathermanous envelopes and the air which they endose. 
This is what has happened when experimenters have exposed to the rays of the 
sun thermometers covered by several sheets of ^ass within which different 
layers of air have been enclosed. 

For similar reasons the t^nperature of the higher re^ns of the atmosphcare 
is very much less than at the surface of the earth. 

In general the theorems concerning the heating of air in closed spaces extend 
to a great variety of problems. It would be useful to revert to them whoa we 
wish to foresee and regulate temperature with precision, . as in. the case of 
green-houses, drying-houses, sheep-folds, work-shops, or in many civil estab- 
lishments, such as hospitals, barracks, places of ass^bly. 

In these different applications we must attend to accessory circumstances 
which modify the results of analyds, such as the unequfd thickness of cUffeimt 
parts of the enclosure, the introduction of air, &c.; but th^ details would 
draw us away from our dhief object, wbidh is tl^ exact demonstration of gen- 
eral principles. 

For the rest, we have considered only, in what has just bem said, the per- 
manent state of temperature in closed spaces. We can in addition express 
analytically the variaUe state which precedes, or that which begins to take 
place when tire source of heat is withdrawn, and we can also ascertain in this 
way, how the specific ptoperties of the bodies which we employ, or th^ 
dimensions affect the pn^ress and duration, of the heating; but these re- 
searches lequire'a different analysis, the prindples of' which will be exidained 
in the following chapters. 


SEjCTION VII. On Vie Un-tform Movemmt of Hood in Three Dimeneiono 

92. Up to this time we have considered the uniform movemtot of heat in (me 
dbnernM OTi only, but it is easy to fq^>ly the same principles to the case in wlueb 
l^t is propagiW uniformly in directions at r^rt angles. 

Suppose the (Afferent points of asolid imdosed by ox idanes at right anipea 
ti».have unequsl actual. temperatures repiesented by the linear, diuatiou 
9a-4-{-as-fhpHh«s, X, y, z, bdng the rectangular co-ordinates of aTtetdsmffe 
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tenqtera^ore m tt. Suppose further that any external causes whatever 
acting <m the six faces of the prism maintain every one of the molecules situ- 
ated on the surf ara, at its actual temperature expressed by the general equa- 
tion 

V’^A+<ix+by+cz • • • (o), 

we shall prove that the same causes which, by hsrpothesis, keep the outer layers 
of the solid in their initial state, are sufficient to preserve also the actual tem- 
peratures of every one of the iimer molecules, so that their temperatures do not 
cease to be represented by the linear equation. 

The examination of this question is an element of the general theory, it will 
serve to determine the laws of the varied movement of heat in the interior of a 
solid of any form whatever, for every one of the prismatic molecules of whiqh 
the body is cmnposed is during an infinitely smalhtime in a state similar (to 
that which the linear equation (a) expresses. We may then, by following the 
ordinary principles of the differential calculus, easily deduce from the notion of 
uniform movement the general equations of varied movement. \ 

93. In order to prove that when the extreme layers of the solid preserve thdr 
temperatures no change can happen in the interior of the mass, it is sufficient 
to compare with each other the quantities of heat which, during the same 
instant, cross two parallel planes. 

Let b be the perpendicular distance of these two planes which we first sup- 
pose parallel to the horizontal plane of x and y. Let m and m' be two infinitely 
near molecules, one of which is above the first horizontal plane and the other 
below it: let x, y, z be the coK)rdinates of the first molecule, and x', y', z' those 
of the second. In like manner let M and M' denote two infinitely near mole- 
cules, separated by the second horizontal plane and situated, relatively to that 
plane, in the same manner as m and m' are relatively to the first plane; that is 
to say, the co-ordinates of JIf are x, y, z+0, and those of M' are a/, y', z'+p. It 
is evident that the distance mm' of the two molecules m and m' is equal to the 
distance MM' of the two molecules M and M'; further, let v be the tempera- 
ture of m, and v' that of tn', also let V and V' be the t^iperatures of M and M', 
it is easy to see that the two differences v — 1 / and V — V' are equal; in fact, 
substituting first the co-ordinates of m and m' in the general equation 

p—A+ax+by+cz, 

we find v—p'’=a(x—x')+b(y—y')+c(z—z'), 

and then substituting the co-ordinates of M and M', we find also V—V' 
s=o(x— xO+b(y— yO+c(*— s'). Now the quantity of heat which m sends to m' 
depauds on the distance mm', which separates these molecules, and it is 
proportimial to the difference v—p' of their temperatures. This quantity of 
heat transferred may be represented by 

q(p-p')dti 

the value of the coefficient q depends in some manner on the distance mm', and 
on the nature of the substance of which the solid b formed, d( is the duration of 
the instant. The quantity of heat transferred from M to M\ or the action of 
M on M' is expressed likewise by q(y-V')dt, and the coefiSdent q is the same 
as in the expression q(p-p')dt, since the distance MM' is equal to mm' and the 
twp actions are (^ected in the same solid: furthmmore V— V' is equal to i»— s', 
ibnoe the two aetions are equal. 
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If diooBe two othor points n and n', vety near to each other, which 
transfer i^t across the first horisontal plane, we shall find in the same maoiwr 
that thdr action is equal to that of two homologous points iV and JV' whi<^ 
communicate heat across the second horizontal plane. We conclude th^ that 
the whole quantity of heat ediich crosses the first plane is equal to that which 
crosses the second plane during the same instant. We should derive the Hatne 
result from the comparison of two planes parallel to the plane of x and t, or 
from the comparison of two other planes parallel to the plane of y and s. Hence 
any part whatever of the solid enclosed between ax planes at right angles, 
receives through each of its faces as much heat as it loses through the oppoate 
face; hence no portion of the solid can change temperature. 

94. Thus, across one of these planes, a quantity of heat flows which is the 
same at all instants, and which is also the same for all other parallel sections. 

In order to determine the value of this constant flow we shall compare it 
with the quantity of heat which flows uniformly in the most simple case, 
which has been already discussed. The case is that of an infinite solid enclosed 
between two infinite planes and maintained in a constant state. We have seen 
that the temperatures of the different points of the mass are in this case 
represented by the equation t>=A+ca; we proceed to prove that the uniform 
flow of heat per unit area propagated in the vertical direction in the infinite 
solid is equal to that which flows in the same direction per unit area across the 
prism enclosed by six planes at right angles. This equality necessarily exists if 
the coefficient c in the equation v—A+cz, belon^g to the first solid, is the 
same as the coefficient c in the more general equation v^^A+ax+by+cz which 
represents the state of the prism. In fact, denoting by H & plane in this prism 
perpendicular to z, and by m and m two molecules very near to each other, 
the first of which m is below the pltme ff, and the second above this plane, 
let V be the temperature of m whose co>orffinates are x, y, z, and w the tem- 
perature of n whose co-ordinates are x+«, y+P, z+ 7 . Take a third molecule 
yf whose co-ordinates are x— a, y—fi, z+y, and whose temperature may be 
denoted by w'. We see that y, and m' ore on the same horizontal plane, and that 
the vertical drawn from the middle point of the line which joins these two 

points, passes througd^ the point m, so that the distances mu and m/ are equal. 
The action of m on ft, or the qusmtity of heat which the first of these molecules 
sends to the other across the plane H, depends on the difference v— w of their 
temperatures. The action of m on ft' depends in the same manner on the differ- 
ence v—w'oi the temperatures of these molecules, since the distance of m from 
M is the same as that of m from ft*. Thus, expresring by g(p—tp) the action of 
m on ft during the unit of time, we shall have q(v—w') to express the action of 
m on ft', q being a common unknowm factor, depending on the distance my and 
on the nature of the solid. Hence the sum of the two actions exerted during unit 
of timeisg(i>— w'). 

If inst^d of X, y, and z, in the graeral equation 

V’^A+ax+by+cz, 

we substitute the co-ordinates of m and then those of y and y', we dhall find 

w — 10 ** — oot — 6/3 — cy, 
e— to* -f-oa -1-6/3— cy. 

The «n«o of the two actions of m <m m ood Kdmoay'ia tii««fore — 2ge>y. 
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:> BfippoMi tbeiik iliivfctthe plane J? belooise to.^ ia£iiiit««did \«itpM'l)^apera> 
turnequataon is v and tiiat we. denote alsoib3r,ffi»! p. and tb^^nacde^ 

outea in this solid whose co-ordinates are x, u> * for the «:+<*, *4*7 

6 w the second, wid x—a, y—fi, *+7 for the third: we shaU have, as in tihe 
preceding case, v—w+v—w'^^ •~2cy. Thus the sum the two actions of m on 
M «Bd of m on is the same in the infinite solid as in <(he {nism enclosed 
betweoi the six planes at right angles. 

We should obtain a similar result, if we considered the ^actien of anoth^ 
pomt a below the plane H on two oth^ v and situated at the same height 
above the plane. Hence, the sum of all the actions of tins kind, which are 
exerted across the plane H, that is to say the whole quantity of heat wMch^ 
during unit of time, passes to the upper side of this surface, by virtue of the 
action of very near molecides which it separates, fiS 'always the same in bo^h 
solids. 

95. In the second of these two bodies, that which is bounded by two infinij^e 
{fianes, and whose temperature equation is v^A-\~cZf we know that the quanV 
tity of heat which flows during unit of time across unit of area taken on. any 
horizontal section whatever is — ciT, <; bdng the coefficient- of z, and K the\ 
specific conductivity; hence, the quantity of heat which, in the prism ^closed 
betwe^ six planes at ri^t angles, crosses during unit of time, unit of area 
taken on any horizontal section wh^ver, is also ~~cK, when the linear equa- 
tion which represents the temperatures of the prism is 

v—A-\-ax+hy-\-cz. 

In the same way it may be proved tiiat the quantity of heat which, during 
unit cf time, flows uniformly across unit of area taken on any section whatever 
perpendicular to x, is expressed by —oK, and that the whole quantity which/ 
during unit of time, crosses unit of area taken on a section perpendicular to py 
is expressed by —hK: 

The theorems which we have demonstrated in this and the two preceding 
articles, suppose the direct action of heat in the interior of the mass to -be 
limited to an extremely small distance, but they would still be true, if tiie rays 
fA heat sent oujt by each molecule could penetrate du^ctly to a quite apptreci- 
able distance, but it would be necessary in this case, as we have-imnarked in 
Article 70, to suppose that the cause which maintains the temp^atures of the 
faces of the solid affects a part extending within the nsass to a finite deplb. 

SEJCTION VIII. Measure of the Movement of Heat at a Given Potnt 

of a Solid Maae _ 

06. It still remains for os to determine one of the principal dements of the 
theory of heat, which consists in defining and in measuring exactiy - the 
tity of heat which passes through every point of a solid mess aciSoss ;a piane 
whose direction is given. 

If heat is unequally distributed amongst the molecules of the body, 
the temperatures at any point will vary every instant. Denoting Ity t tire, time 
’.which has dapsed, and by v the temperature attained after a time t by an 
mfinitdy small molecule whose co-Ordinates are x, y, z; the variable state of the 
sdid will be expre^ by an equation rimilar to tbe following »«F(x, y, z, f). 
Sufqxw the function 'F ,to be..given,:aod that ormsequently we cim'dbtflnnuifi* 
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»t meey instaat tiie tetup^tiuw eaaSr pc^t j^iioagiae tiuvb thraoi^ 

the point m we draw a horisontal pli^ paralld to that of a; wd p,. and that on 
this plane we trace an infinitely’ small drde w, whose ceh^ ik at m; it is 
requhed to deterafine what is the quantity ot heat which during the instfmt (U 
wiU pass a<uo8s ihedrcle w from tiie part of the scdd which is bdow the plane 
mto the part above it. 

All pmnts extremely near to the point m and under the plane exert tfadr 
action during the infinitely small instant dt, on all those which axe above the 
plane and extremely near to the point m, that is. to say, each d the pdnts 
situated on one side of this plane will send h«it to each of those whuh are 
situated on the other side. 

We shall consider as positive an action whose effect is to ’transport a certaiii 
quantity of heat above the plane, and as negative that which causes heat to 
pass below the plane. The sum of all the partial actions which are exerted 
across the drcle a, that is to say, the sum of all the quantities of heat which, 
crossing any point whatever of this circle, pass from the part of the solid below 
the plane to the part above, compose the flow whose expression is to be found. 

It is easy to imagine that this flow may not be the same throughout the 
whole extent of the solid, and that if at another point m' we traced a horizdntal 
circle co' equal to the former, the two quantities of heat which rise above these 
planes w and a' during the same instant mi^t not be equal: these quantities 
are comparable with each other and thdr ratios are numbers which may be 
easily determined. 

97. We know already the value of the constant flow for the case of linear and 
uniform movement; thus in the BoUd enclosed between two infinite horizontal 
planes, one of which is maintained at the temperature <a and the other at the 
temperature b, the flow of heat is the same for every part of the mass; we may 
regard it as taking place in the vertical direction only. The value corresponding 

to unit ot surface and to imit of time is K , e denoting the perpendic- 

ular distance of the two planes, and K the specific condumbility : the t^pera- 
tures at tire different points of the solid are expressed by the equatitm 



When the problem is that of a solid comprised between rix ^tangular 
planes, pairs of which are parallel, and the ’temperatures at the different points 
are expressed by the equation 

V * A +o»+ fty+cz, 

the propagation takes place at the same time along the direeticms of x, of y, 
oi z; the quantity of heat which flov« acro^ a definite portion of a plane 
parallel to that of x and y is the same throughout the whole extent <k tiie 
.prism; its value corresponding to unit of surface, and 'to unit of time is —cKi 
in the direction of a, it is —bK, in tiie direoti<m of.y, and —oK in that.(ff a. 

In gen^»l the value of the ’vertical flow in.the two cases which we have ju^ 
dted, depends only on tiie co^cient of z and dn the ^ledfic conducti'diy it ; 

this value is always equal to — ^ 

The exprec|rion of the quwtity of heat w;hi<^, during the instwt 
afCtoss a horiadhtel dride ih&ntely sm^,' whoto aiea is or, and pluses in tins 
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maano; feom the part of 4he solid which is below tiie plane of the drole to Uie 
part above, is, for the two cases in question, 

98. It is easy now to generalise this result and to recognise that it exists in every 
case of the varied movement of heat expressed by the equation v=>F(a;, y, z, t). 

Let us in fact denote by x', y', z', the co-ordinates of this point m, and its 
actual temperature by Let x'+(, y'+v, be the co-ordinates of a 

point M infinitely near to the point m, and whose temperature is w; y, ^ are 
quantities infinitely small added to the co-ordinates xf, y', s'; they determine 
the position of molecules infinitely near to the point m, with respect to three 
rectangular axes, whose origin is at m, parallel to the axes of x, y, and z. 
Differentiating the equation 

»=F(a:, y, z, t) . ,* 

and replacing the differentials by (, % i*, we shall have, to express the value^ 
w which is equivalent to w-f dv, the linear equation w = r'-f ^ ^ ^ 

the coefficients ^ ^ ^ functions of x, y, z, t, in which the ^ven anc 

constant values x', y', s', which belong to the point m, have been substituted 
for *, y, s. 

Suppose that the same point m belongs also to a solid enclosed between six 
rectangular planes, and that the actual temperatures of the points of this 
prism, whose dimensions are finite, are expressed by the linear equation 
w=^+af-|- 6 i;-f-cf ; and that the molecules situated on the faces which bound 
the solid are maintained by some external cause at the temperature which is 
assigned to them by the linear equation. |, 17 , f are the rectangular co-ordinates 
of a molecule of the prism, whose temperature is w, referred to three axes 
whose origin is at m. 

This arranged, if we take as the values of the constant coefficients A, a, b, 

c, which enter into the equation for the prism, the quantities »', , 

CLx 0/y dz 

which belong to the differential equation; the state of the prism expressed by 
the equation 

di ' ' dy dz * 

will coincide as nearly as possible with the state of the solid; that is to say, all 
the molecules infinitely near to the point m will have the same temperature, 
whether we consider them to 1 m in the solid or in the prism. This coincidence 
of the solid and the prism is quite analogous to that of curved surfaces with the 
planes which touch them. 

It is evident, from this, that the quantity of heat which flows in the solid 
across the circle w, during the instant dt, is the same as that which flows in the 
pnsm across the same circle; for all the molecules whose actions concur in one 
^ect or the other, have the same temperature in the two solids. Hence, the 

flow in question, in one solid or the other, is expressed by -if $ udt. It would 
^ du ^ circle «, whose centre is m, were perpendicular to the 
^ y, and udt, if this circle were perpendicular to the of x. 
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The value of tiie flow which we have just detennined varies in the sofid from 
one point to another, and it varies also with the time. We mi^t imAgitift it to 
have, at all the points of a unit of surface, the same value as at the point tn, 
and to preserve this value during unit of time; the flow would then be ex- 
pressed by —K ^ , it would be —X ^ in the direction of y, and —K ^ in that 

of X. We diall ordinarily employ in calculation this value of the flow thus 
referred to unit of time and to tmit of surface. 

99. This theorem serves in general to measure the velocity with which heat 
tends to traverse a ^ven point of a plane rituated in any manner whatever in 
the interior of a solid whose temperatures vary with the time. Throu^ the 
given point m, a perpendicular must be raised upon the plane, and at every 
point of this perpendicular ordinates must be drawn to represent the actual 
temperatures at its different points. A plane curve will thus be formed whose 
axis of abscissae is the perpendicular. The fluxion of the ordinate of this curve, 
answering to the point m, taken with the opposite sign, expresses the velocity 
with which heat is transferred across the plane. This fluxion of the ordinate is 
known to be the tangent of the angle formed by the element of the curve with 
a parallel to the abscissae. 

The result which we have just explained is that of which the most frequmut 
applications have been made in the theory of heat. We cannot discuss the 
different problems without forming a very exact idea of the value of the flow at 
every point of a body whose temperatures are variable. It is necessary to insbt 
on this fimdamental notion; am example which we are about to refer to will 
indicate more clearly the use which h^ been made of it in amalysis. 

100. Suppose the different points of a cubic mass, an edge of which has the 
length X, to have unequal actual temperatures represented by the equation 
V ^ cos X cos y cos z. The co-ordinates x, y, z are measured on three rectmigular 
axes, whose origin is at the centre of the cube, perpendicular to the faces. The 
points of the external surface of the solid are at the actual temperature 0, and 
it is supposed also that external causes maintain at all these points the actual 
temperature 0. On this h 3 rpotheris the body will be cooled more and more, the 
temperatures of all the points situated in the interior of the mass will vary, 
and, after an infinite time, they will all attain the temperature 0 the surface. 
Now, we shall prove in the sequel, that the variable state of this solid is 
expressed by tiie equation 

cos X cos y cos 
3K 

the coeffident g is equal to , K is the specific conductivity of the sub- 
stance of which the solid is formed, D is the density and C the specific heat; 
i is the time elapsed. 

We here suppose that the truth of this equation is admitted, and we proceed 
to examine the use \diich may be made of it to find the quantity heat wMch 
crosses a giv^ plane parallel to one of tiie three phmes at tiie right anglea. 

If, thiou^ the point m, whose co-ordinates are x, y, z, we draw a plane 
perpendicular to s, we shall find, after the mode of the preceding article, that 

tiie value of the flow, at this point and acroset the plane, is ,OTJSe~**cioa 

X'oos y-dn z. The quantity of heat which, during the instant df, crosses ah 
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iofiriSteljr anasll nwStan^e, situated on this plane, and whose sides a®e dx snd 
dg, is 

K tr** cos X cos y an z dx dy dt. 

Thus the whple heat which, during the instant dt, crosses the entire area 
ihS same plane, is 

K e~* rin s-dt J/ cos xcosy dx dy; 


the double integral bdng taken from x» — up to and from y » *-|ir 

up to We find then for the expression of this total heat, 

4 K e~** rin **d<. 


If then we take the integral with respect to t, fromtBO to we shall 

the quantity of heat which has crossed the same phme since the cooling 

up to the actual moment. This integral is ^ sin s(l — e“®0» its value at the 

faceis ^ 



so that after an infinite time the quantity of heat lost through one of the faces 
4JK. 

is — .The same reasoning being applicable to each of the six faces, we conclude 

Ihat the solid has lost by its complete cooling a total quantity of heat equal to 

3K 

or SCD, since g is equivalent to . The total heat which is dissipated 


during the cooling must indeed be independent of the special conductivity K, 
which can only influence more or less the velodty of cooling. 

100. A. We may determine in another manner the quantity of heat which the 
solid loses during a given time, and this will serve in some degree to verify the 
juececfing calculation. In fact, the mass of the rectangular molecule whose 
dimensions are dx, dy, dz, ia D dx dy dz, consequently the quantity of heat 
which must be given to it to bring it from the t^perature 0 to that of boiling 
watw is CD dx dy dz, and if it were required to raise this molecule to the 
tempmiture v, the expenditure of heat would be v CD dx dy dz. 

It follows from this, that in order- to find the quantity by which the heat of 
the solid, after time t, exceeds that which it contained at the tmnperatiure 0, 
we must take the multiple integral /// t> CD dx dy dz, between the limits 
X* — Jt, X = i7r, y= — §ir, y = Jv, z- —\ir, s = 


We thus find, on substituting for r its value, that is to say 


cos X cos y cos z, 

that the excess of actual heat over that which belongs to tibe t^porature 0 is 
6CDe->*; or, at the stfurt, SCJD, as we found b^ore. 

; We have detfcribed, in this introduction, all the dements whidb it is necesr 
saiy to kn^ in order to solve different problems rdating to the movement 
^t in solid bo(£es, and we have jpven some appUeations of these princ^les, 
hs.tsder to shew the mode of employing thmn in analyms;. the most important 
which we haye been able to make of them, is. to deduce from them the 
. Jenwal equations cff the propagation of heat, wUch is the subject Of tim n^ 
flhaptisr.- 
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Equations of tto Movement of Heat 


SECTION I. Equation of ffie Varied Movement of Heat in a Ring 

101. We might form the general equaticms which represent tiie movement of 
heat in solid bodies of any form whateva-, and apply th^ to particular casek. 
But this method would oftm involve very complicated calculations which 
may easily be avoided; There are several problems which it is preferable to 
treat in a special manner by eiqiresfflng the conditions which are appropriate 
to them; we proceed to adopt this course and examine separately the problems 
which have been emmciated in the first section of the introduction; we will 
limit ourselves at first to forming the differential equations, and shall give the 
integrals of them in the following chapters. 

102. We have already considered the uniform movanent of heat in a pris- 
mattO bar of small thickness whose extremity is immersed in a constant source 
of heat. This first case offered no difficulties, since there was no r^erence 
except to the permanent state of the temperatures, and the equation which 
expresses them is easily integrated. The following problem requires a more pro- 
found investigation; its object is to determine the variable state of a solid ring 
whose different points have received initial temperatures entirely arbitrary. 

The solid ring or armlet is generated the revolution of a rectangular sec- 
tion about an axis perpendicular to the plane of the ring (see figure 3), I is the 
perimeter of the section whose area is S, the coefficient k 

1 ^ measures the external conductivity, K the internal cour 

X \ ductivity, C the specific capacity for heat, D the density. 

I \ The line oxxV^ represents the mean drcv^erenceof the 

I ) armlet, or that line whidi passes throu^ the centres of 

\ J figure of aU the sections; the distance of a section from 

the origin o is measured by the arc whose length is x; JS 

• is the radius of the mean drcumferenee. 

j[<|. 3 It is supp(»ed that on account of the small dimenacos 

and of the form of the section, we may condder the tem- 
perature at the different points of the same sirotipn to be eqnal> 

103. Inu^e that initial arbitrary temperatures have bear ^ven to the 
differmit sections of the armlet, and that the soBd is thor expOsM to air main- 
tained at the tempoature 0, and dbplaoed with a cmrstant velocity ; the 
tern of temperatures wifi oontipvaUy vary, b^t will be transmit^ withm;i^ 
ring, and t^persed at the surface: it is riequii^ to ddemune what will be tlie 
state of the solid at any .^yen instant. . . 

Let 0 be the temperature which the eectibn dtuated at distance x will have 
aeqtdied after a la^ ot time i\ v ka certain function of x and ^ hrto wMdhuU 
hritkl itmiperUt^ enter: this Is the limothm uhkhlS to be 

discovmed. 


321 
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104. We -will conmder the movemCTit of heat in an infinitdy snudl slioe, 
endosed between a section made at distance x and another section made at 
distance x+dx. The state of this slice for the duration of one instant is that of 
an infinite solid terminated by two parallel planes mainttdned at unequal 
temperatures; thus the quantity of heat which flows during this instant dt 
across the first section, and passes in this way from the part of the solid which 
precedes the slice into the slice itself, is measured according to the principles 
established in the introduction, by the product of four factors, that is to say, 

the conducibility K, the area of the section S, the ratio — ^ , and the duration 


of the instant; its exprestion is —KS ^ dt. To determine the quantily of heat 

which escapes from the same slice across the second section, and passes ini 
the contiguous part of the solid, it is only necessary to change x into x+dx ! 
tire preceding expression, or, which is the same thing, to add to this expressio 
its diflerential taken with respect to x; thus the slice receives through one < 

its faces a quantity of heat equal to —KS dt, and loses through the oppositdy 

face a quantity of heat expressed by 


-KS^dt-KS^dxdt. 
dx da? 


It acquires therefore by reason of its position a quantity of heat equal to tiie 
difference of the two preceding quantities, that is 

KS^,dxdt. 


On the other hand, the same slice, whose external surface is Jdx and whose 
temperature differs infinitely little from v, allows a quantity of heat equivalent 
to Ah) dx dt to escape into the air during the instant di] it follows from this that 
this infinitely small part of the solid retains in reality a quantity of heat 

represented by KS-^dx dt—Kb dx dt which makes its temperature vary. The 

amount of this change must be examined. 

105. The co^cient C expresses how much heat is required to raise unit of 
weight of the substance in question from temperature 0 up to temperature 1 ; 
oons^uently, multiplying the vrdume Sdx of the infinitely small slice by the 
density D, to obtain its weight, and by C the specific capacity for heat, we 
si^ have CDS dx as the quantity of heat which would raise the volume of the 
slice from temperatrue 0 up to temperature 1. Hence the increase of tempera- 

/i2#i 

ture which results from the addition of a quantity of heat equal to KS ^ dx dt 

—Mv dx dt will be found by dividing the last quantily by CDS dx. Denoting 
therefore, according to custom, the increase of temperature which takes plaee 

during the instant dthy^dt, we shall have the equation 

do K d?v hi ... 

d« CD da? CDS” ‘ ' ' 

. We tiiafi explain in tire sequel the rise wMch may be made of thia equfttioa 
to determine the complete solution, and what the difiBculty of the prohlon 
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consists in; we limit ounaeiveshmre to acemark oonceming thepoananait state 
of the armlet. 

106. Suppose that, the plane of the ring bring horizontal, sources of heat, 
eadi of which exerts a constant action, are placed below cMerent points m, n, 
p, q etc.; heat will be propagated in the solid, and that which is disripated 
through the surface bring incessantly replaced by that which emanates from 
the sources, the temperature of every section of the solid will approach more 
and more to a stationary value which varies from one section to another. In 
order to express by means of equation (b) the law of the latter temperature, 
which would erist of themselve if they were once established, we must sup? 
pose that the quantity v does not vary with respect to t; which antiiiln the 

term ^ . We thus have the equation 

^ V, whence v=Me ^ *'*+JVe ^ 

M and N being two constants. 

107. Suppose a portion of the circumference of the ring, rituated between 
two succesrive sources of heat, to be divided into equal parts, and denote by 
Vi, Vs, Vs, vt, &c., the temperatures at the points of divirion whose distances 
from the oripn are Xi, Xs, Xs, xt, Ac. ; the relation between v and x will be ^ven 
l^y the preceding equation, after the two constants have been determined by 
means of the two values of v corresponding to the sources of heat. Denoting 

by a the quantity e~Vra, and by X the distance »*— Xi of two consecutive 
points of division, we shall have the equations: 

Vs =» Ma^ • 

Vs = Afa*^o(*'+ Ara“*^a~*, 

whence we derive the following relation =a^4-a~^ 

^2 

We should find a similar result for the three points whose temperatures are 
Vs, Vs, va, and in general for any three consecutive points. It follows from this 
that if we observed the temperatures vi, vs, vt, Va, vs Ac. of several succesrive 
points, all rituated between the same two sources m and n and separated by a 
constant interval X, we should perceive that any three consecutive tempera- 
tures are always such that the sum of the two extremes divided by the mean 
pves a constant quotient 

108. If, in the space included between the next two sources of heat n and p, 

the temperatures of other different points separated by the same intwval X 
were observed, it would still be found that for any three consecutive points, 
the sum of the two extreme temperatures, divided by the mean, gives the same 
quotient The value of this quotient depends neither on the porition 

nor on the intenrity of the sources of heat. 

109. Let q be this constant value, we have the equation 

we see by this that when the circumference is divided into equal partst, the 
temperatures at the prints of divirion, included between tvra consecutive 
sources of heat, are represented by the terms of a recurring series e^iOBe scale 
of relation is composed of two terms q and —1. 
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confirmed' this vesiilt. We Imve exposed a atetsilio 
ring to tiie permanent and simultaneous action of diffeomit sources of heat, 
and tto 'have observed the stationary tempeiatuim of toveral pdnts s^arated 
by constant intervals; we always fcwmd that the temperatures of any three 
eonsecutive points, not separated by a source of heat, were connected ly the 
relation in question. Even if the sources of heat be multiplied, and in whatever 
mannor they be' disposed, no clumge (»n be effected m the numerical value of 

the quotient ; it depends only on the d^enaons or on the nature of the 


ring, tmd not on the manner in which timt solid is heated. 

110.< When we have found, by observation, the value of tiie constant quo- 
tient q or — , the value of may be dmved firom it by means of the eqi 

tion a!^-|-a~^=g. One of the roots is pr\ and other root is a~\ This quant 

h 

being determined, we may derive from it the value of the ratio , which ^ 

>J\. 

s 

(log 6!)*. Denoting by «, we shall have «*— gw+1 *0. Thus the ratio of th^ 


two conductivities is found by multifdying j by the square of the hyperbolic 

logarithm of one of the roots of the equation gw+l =0, and dividing the 

product by X*. 


SECTION II. Equation of the Varied Movement of Heat in a Solid Sphere 

111. A solid homogeneous mass, of the form of a sphere, having been im- 
mersed for an infinite time in a medium maintained at a permanent tempera- 
tiue 1, is then exposed to air which is kept at temperature 0, and displaced 
with constant velocity: it is required to determine the successive states of the 
body during the whole time of the cooling. 

. Dmote by x the distance of any point whatever from the centre of the 
sphere, snd by v the temperature of the same point, after a time t has Alapag-fl ; 
and suppose, to make tiie problem more general, that the initial temperatore, 
conunon to all points atuated at the distance x from the centre, is different for 
different values of . 3 :; which is what would have been the case if the hnmersion 
iuul not lasted for an infinite time. 

Points of the solid, equally distant from the centre, will not cease to have a 
common twperature; v is thus a function of x and t. Whoi we suppose t*0, 
it is that the value of this function should agree 'V^th the initial state 

whieh.is.giyai, and which is entirely arbitrary. 

I ‘ ' 1^2. 15^6 disil consider the instantaneous movement of heat in an infinite^ 
thin sl^, bounded by two spherical surfaces whose radii are x anH x-^-dxi the 
quwtity of heat which, during an infinitely small instant dt, crosses the 1«8 Sot 
surface whose radius m », and so passes from that part o^ the solid which is 
rarest to tlm centre into the spherical shell, is equal to the product of four 
factors which are the ^nductivity K, the duration dt, the extent 4ir«* of 

tomato, and the ratio ^ , taken vdth the native sign; it is bxpressed by 


s . . 
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To detet^ne the of heat wMdi flows datinsithe same 

through the second surface of the same shell, and passes from tius diell into 
the part of the solid wluch envelops it, x must be changed into x+dx, in the 

preceding expression: that is to say, to the tehn —iKva? ^ dt must be added 

aX 

the differential of this tenh taken with respect to x. We thus find 

dx \ dx/ 


as the expression of the quantity of heat which leaves the spherical shell 
across its second surface; and if we subtract this quantity from that which 


enters through the first surface, we shall have 4Kvd 



di. This difference 


is evidmitly the quantity of heat whidi accumulates in the intervening shdl, 
and whose effect is to vary its tonperature. 

113. The coefficient C denotes the quantity of heat which is necessary to 
raise, from temperature 0 to temperature 1, a definite unit of weight; D is the 
wd.ght of unit of volume, 4tva?dx is the volume of the intervening layer, differ- 
ing from it only by a quantity which may be omitted: hence AvCDx^dx is the 
quantity of heat necessary to raise the intervening shell from temperature 0 to 
temperature 1. Hence it b requisite to divide the quantity of heat which 
accumulates m thb shell by ^TrCDsMiX, and we shall then find the increase of 
its temperature v during the time dt. We thus obtain the equation 





M) 

7?dx 


or 


— — ^ 1 2 

dt~ CD' '^'x dx) ' ' ' 


114. The preceding equation represents the law of the movement of heat in 
the interior of the solid, but the temperatures of points in the surface are sub* 
ject also to a special condition which must be expressed. This condition reHa- 
tiy^ to the state of the surface may vary according to the pature of the probr 
lems discussed: we may suppose for example, that, after having heated the 
sphere, and raised all its molecules to the temperature of boiling wa^, tii^ 
cooling is effected by giving to all points in the surface the temperature 0, ana 
by retaining them at thb tonperature by any external cause whatever. In this 
case we may imagine the sphere, whose variable state it b desired to deter- 
mine, to be covert by a very thin envelope on which the cooling ag^y exerb 
its action. It may be suppoa^, P, that t^ infinitdy thin envdope adheres to 
the soHd, that it b of the same substance as the solid and tiiat it forms a past 
of it, like the other portions of the mtass; 29, that all the molecules of. tbemye* 
lope are subjected to temperature 0 by a cause always in action which prei^ts 
the tbnperatum frwn ever being above or below aero. To express tins oohdi- 
ti(m theoretically, the function v, wipch oontems.a; and t, must be made, jbo 
become nul, when we ^ve to a its complete value X equal to the of the 
S^here^ whatetrer deb the value (ff t may be. We should then haib, ^ 



2 dt>\ 
X dxj’ 


and 0=0. 
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l^potibesds, if we denote by <l>(x, t) the function of x and t, which eaq>rea8e8 the 
value of V, the two equations 

^ —f— -I- 

dt “ 

Fuither, it is necessary that the initial state should be represented by the same 
function 4>(x, t ) : we shall therefore have as a second condition ^(x, 0) = 1. Thus 
the variable state of a solid sphere on the hypothesis which we have first 
described will be represented by a function v, which must satisfy the three 
preceding equations. The first is general, and belongs at eveiy instant to all 
points of the mass; the second affects only the molecules at the surface, and 
the third belongs only to the initial state. 

115. If the solid is being cooled in air, the second equation is different;! it 
must then be imagined that the very tMn envelope is maintained by some 
external cause, in a state such as to produce the escape from the sphere, m 
every instant, of a quantity of heat equal to that which the presence of the 
medium can carry away from it. \ 

Now the quantity of heat which, during an infinitely small instant dt, flow^ 
within the interior of the solid across the spherical surface situate at distance 

*, is equal to —4Kir3?^di; and this general expression is applicable to all 

values of x. Thus, by supposing x=X we shall ascertain the quantity of heat 
which in the variable state of the sphere would pass across the very thin 
envelope which boimds it; on the other hand, the external surface of the solid 
having a variable temperature, which we shall denote by V, would permit the . 
escape into the air of a quantity of heat proportional to that temperature, and 
to the extent of the surface, which is 4irX®. The value of this quantity is 
AhicXWdt. 

To express, as is supposed, that the action of the envelope supplies the 
place, at every instant, of that which would result from the presence of the 
medium, it is sufficient to equate the quantity AhvXWdi to the value which 

dv 

the expression —4ft' vX* ^ dt receives when we give to x its complete value X ; 
hence we obtain the equation ^ ~ ^ which must hold when in the func- 

tions ^ and V we put instead of x its value X, which we shall denote by writing 


dV 

it in the form K = 


= 0 . 


116. 


.dv 


The value of taken when x = 


’ X, must therefore have a constant ratio 


— ^ to the value of v, which corresponds to the same point. Thus we shall 
suppose that the external cause of the cooling determines always the state of 
tbe very thin envelope, in such a manner that the value of ^ which results 
from this state, is proportional to the value of v, corresponding to x.=X, and 
that the constant ratio of these two quantities is — -p . This condition being 
lyffiUed by means of some cause always present, which prevents the exteone 
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value of ^ from being anything dee but ~ ^<’1 action of the oivdiope vrill 

take the place of that of the air. 

It is not necessary to suppose the envelope to be extremely tiiin, and it vnU 
be seen in the sequel that it may have an indefinite thickness. Here the thick- 
ness is considered to be indefinitely small, so as to fix the attention on the state 
of the surface only of the solid. 

117. Hence it follows that the three equations which are required to deter- 
mine the function t) or v are the following, 


dt 


A. j. ? M 

CD\da^'^ X dx)' 


K 


dx 


+hV^0. 


<^(x, 0)=»1. 


The first applies to all possible valu^ of x and t; the second is satisfied when 
x^X, whatever be the value of t; and the third is satisfied when t ^0, whatever 
be the value of x. 

It might be supposed that in the initial state all the spherical layers have not 
the same temperature: which is what would necessarily happen, if the immer- 
fflon were imagined not to have lasted for an indefinite time. In this case, 
which is more general than the foregoing, the given function, which expresses 
the initial temperature of the molecules dtuated at distance x from the centre 
of the sphere, will be represented by Fix); the third equation will then be 
replaced by the following, ^(*, 0)=F(x). 

Nothing more remains than a purdy analsrtical problem, whose solution 
will be given in one of the following chapters. It consists in finding the value 
of V, by means of the gmieral condition, and the two special conditions to 
which it is subject. 


SEC5TION III. Equations of the Varied Movement of Heat in a Solid Cylinder 

118. A solid cylinder of infinite length, whose side is perpendicular to its 
drcular base, havii^ been wholly immersed in a liquid whose temperature is 
uniform, has been gradually heated, in such a manner that all points equally 
distant from the axis have acquired the same temperature; it is then exposed 
to a current of colder air; it is required to determine the tranperatures of the 
different layers, after a given time. 

X denotes the radius of a cylindrical surface, all of whose points are equally 
distant from the axis; X is the radius of the cylinder; v is the temperature 
which points of the solid, situated at distance x from the axis, must have after 
the lapse of a time denoted by t, since the beginning of the cooling. Thus v is a 
function of x and t, and if in it < be made equal to 0, the function of x which 
arises from this must necessarily satisfy the initial state, which is arbitrary. 

119. Consider the movement of heat in an infinitely thin portion of the 
cylinder, included between the surface whose radius is x, and that whose 
radius is x-|-dx. The quantity of heat which this portion recdves during the 
instant dt, from the part of the solid which it envdops, that is to say, the 
quantity which during the same time crosses the cylin^cal surface whose 
radius is x, and whose length is supposed to be equal to unity, is expressed 
by 



m mmtmB. * 

To quantitjr of heat wlddli, croB^i^ the second surfaQ^ whose radliuf 

is x-{-dx, passes from the ini^tdy tlnh shell into the of tlie soM which 
envdops it, we must, in the foregoing expression, diange x into x+da, <x[, 
which is Ihe same add to the term 

-2Kirx^dt, 

the differential of this term, takoi with respect to x. Hence the difference of 
the heat received and the heat lost, or the quantity of heat which accumulating 
in the iofinitely thin shell determines the changes of temperature, is the same 
differential taken with the oppotite sign, or 

on the other hand, the volume of this intervening shell is 2wxdx, and 2CD‘irx^ 
represses the quantily of heat required to raise it from the tonperature 0 to 
the temperature 1, C bang the specific heat, and D the density. Hence t^ 
quotient \ 

2KTdld(x^ 

2CD‘irxdx • 


is the incronent which the temperature reedves during the instant dt. Whsace 
we obtain the equation 


^ ^ , 1 
dt CD\dx^'^ x dx)' 

120. The quantity of heat which, during the instant di, crosses the cylin- 
drical surface whose radius is x, being expressed in general by 2Kvx ^ dt, we 

sl^tall find that quantity which escapes during the same time from the surface 
of the solid, by making X’=X in the foregoing value; on the other hand, the 
same quantity, dispersed into the air, is, by the principle of the communica- 
tion -of heat, equal to 27rXhvdi’, we must therefore have at the surface the 

definite equation — At'- nature of these equations is explained 

at gFe{d»r length, dther in the articles which refer to the sphere, or in 
those iriiemn the general equations have been given for^ a body of any form 
whatever. The function v which represents the movement of heat in 
an infimte cylinder must therefore satisfy, Ist, ihe general equation 

S ** applifes whatever x and t may be; 2nd, th^dbfi- 


nite equat^n ^ "*0, wMch is true, whatever the variable t may be, 


whenowX; Sid, the definite equation v™F{,x). The last condition must be 
satisfied by all values of v, when t is made equal to 0, whatever the variable a; 
may be. The arbitrary fimction F{x) is supposed to ^ known; it corresponds 
to the initial state. 
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121. A prismatic bar is immersed at one extremity in a oonstapt souroe of heat 
which maintain^ that extremity at the temperature A ; the rest, of tbe bar, 
who^ lehgth is infinite, continues to be exposed' to a uniform current of at> 
mospheric. air maintained at tempemture 0; it is required to deteracdne the 
highest temp^ture which a ^ven point of the bar can acquire, . > 

The problem differs from that of Article 73, dnce we now take into oon»der> 
aiion all the dimenaons of the solid, which is necessary in order to obtain an 
exact solution. 

We are led, indeed, to suppose that in a bar of very small thickness ail points 
of the same section would acquire sensibly equal temperatures; but some un- 
certainty may rest on the results of this hypothesis. It is therefore preferable 
to solve the problem rigorously, and. then to examine, by analytis, up to what 
point, and in what cases,' we are justified in considering the temperatures of 
different points of the same section to be equal. 

122. The section made at right angles to the length of the bar, is a square 
whose tide is 21, the axis of the bar is the axis of a;, and the origin is at the 
extremity A. The three rectangular co-ordinates. of a point of the bar are x, 
y, z, and v denotes the fixed temperature at the same point. 

The problem contists in determining the temperatures which must be 
assigned to different points of the bar, in order that they may continue to 
exist without any change, so long as the extreme surface A, which communi- 
cates with the source of heat,, remains subject, at all its points, to the perma- 
nent temperature A ; thus v is a ftmction of x, y, and z. 

. 123. Consider the mo-vement of heat in a prismatic molecule, endosed 
between six fdanes perpendicular to the three axes of x, y, and z. The first 
three planes pass 'throuj^ the point m whose co-ordinates are x, y, z, and th? 
others pass through the point m* whose co-ordinates are.x-f dx, yd-dy, z-fds. 
To find what quantity of heat an'tets the molecule during unit of time across 
t^e first plane passing through the point m and perpaadicular to x, we must 
remember that the extent of 'the surface of the molecule on tirm |dane i&dydz, 
and that tire flow across this area is, according to the theorem of Article 08, 

equal to —K ^ ; thus the mqlecule receives across the rectangle dy dz pastii^ 

through the point m a quantity of heat expressed hy —Kdydz^. To find the 

quantity of heat' which crosses the opposite face, and escapes from ti» 
molecule, we must substitute, in the preceding expression, x-i-dx for x, or, 
which is tile same thing, ' add to this exprestion its differtiitial tak^ with 
respect to x only; whence we conclude that the molecule loses, at its second 
face perpaufinmlar to x, a quantity of heat equal to' 

we must thoefore subtiuct tide from that which otters at the opjiotite faoe; 
tire ^fferoices vd tiiese two quantities is 

w,,iK«lxdyd*'^ ; > y . - , . 
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this expfresses the quantify of heat accumulated in tiie molecule in ccmsequence 
of tibe propagation in direction of z; which accumulated heat would make the 
temperature of the molecule vary, if it were not balanced by that which is lost 
in some other direction. 


It is found in the same manner that a quantity of heat equal to —K dzdx^ 

enters the molecule across the plane passing through the point m perpendicular 
to y, and that the quantity which escapes at the oppotite face is 


-Kdzdx^-Kdzdxd(^ , 

the last differential bdng taken with respect to y.qply. Hence the difference of 

the two quantities, or Kdxdydz ^ , expresses the quantity of heat which l^e 

molecule acquires, in consequence of the propagation in direction of y. 

Lastly, it is proved in the same manner that the molecule acquires, in cor 

quence of the propagation in direction of z, a quantity of heat equal ^ 

<Pv ' 

Kdxdydz-^. Now, in order that there may be no change of temperature, it is 

necessary for the molecule to retain as much heat as it contiuned at first, so 
that the heat it acquires in one direction must balance that which it loses in 
another. Hence the sum of the three quantities of heat acquired must be 
nothing; thus we form the equation 


dh> , _ _ 

5? dy* dz* “ 

124. It remains now to express the conditions relative to the surface. If we 
suppose the point m to belong to one of the faces of the prismatic bar, and the 
face to be perpendicular to z, we see that the rectangle dxdy, during unit of 
time, permits a quantity of heat equal to F A da; dy to escape into the mr, V 
denoting the temperature of the point m of the surface, namely what (sf, y, 2 ) 
the function sought becomes when z is made equal to I, half the dimension of 
the prism. On the other hand, the quantity of heat which, by virtue of the 
action of the molecules, during unit of time, traverses an infinitdy small 

surface < 0 , tituated within the prism, perpendicular to z, is equal to —Ka^, 

according to the theorems quoted above. This expression is general, and ap- 
plying it to points for which the co-ordinate z has its complete value 1, we 
conclude from it tiiat the quantity of heat which traverse the rectangle (fo dy 

taken at the surface is —K dxdy^, giving to z in the function ^ its complete 

dv 

value 2. Hence the two quantities — JBC dxdy-^, and hdxdyv, must bo equal, 

in order that the action of the molecules may agree with that of the mediiun. 

This equality must also exist when we give to z in the functions ^ and v the 

value —2, which it has at the face opposite to that first considered. Further, 
the quantity of heat which crosses an infinitely small surface cd, perpendicular 

to the axis of y, bdng — , it follows that that which flows across a 
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xectaoi^eds dr taken on a face of the prism perpendicular to yifl —Kdatdx^ 

do ^ 

giving to y in the function ^ its complete value 1. Now this rectan^ dx dx 

permits a quantity of heat expressed by hvdxdx to escape into the air; the 

equation ko= —K ^ becomes therefore necessary, when y is made equal to 1 or 

—I in the functions v and ^ . 

dy 

125. The value of the function v must by hypothesis be equal to A, when we 
suppose x=0, whatever be the values of y and z. Thus the required function o 
is determined by the foUowing conditions: 1st, for all values of x, y, z, it satis- 
fies the general equation 

dh , ^ ^ ^ 

dr* dy* dz* “ 

2nd, it satisfies the equation ^ ^ “ Oj when y is equal to 1 or — 1, whatever 

z and z may be, or satisfies the equation ^ r-|- ^ =0, when z is equal to I or 

—I, whatever x and y may be; 3rd, it satisfies the equation v=A, when x»0 
whatever y and z may be. 


SECTION V. Equaiiom of the Varied Movement of Heat in a Solid Ctibe 

126. A solid in the form of a cube, all of whose points have acquired the same 
temperature, is placed in a uniform current of atmospheric air, maintained at 
temperature 0. It is required to determine the successive states of the body 
during the whole time of the cooling. 

The centre of the cube is taken as the oti^ of rectangular coordinates; the 
three perpendiculars dropped from this point on the faces, are the axes of x, 
y, and z; 21 is the ride of the cube, v is the temperature to which a point whose 
coordinates are x, y, z, is lowered after the time t has elapsed rince the qpm- 
mencement of the cooling: the problem consists in determining the function v, 
which depends on x, y, z and t. 

127. To form the general equation which v must satisfy, we must ascertain 
what change of temperature an infinitely small portion of the solid must 
ocperience during tiie instant dt, by virtue of the action of the molecules 
which are extremely near to it. We consider then a prismatic molecule enclosed 
between six planes at lig^t angles; tiie first three pass through the point m, 
whose co-ordinates are x, y, z, and the three others, throu^ the point m', 
whose co-ordinates are 

x+dx, y+dy, z+ds. 

Hie quantify of heat which during the instant dt passes into the molecule 

across the first rectan^e dydz perpendicular to x, is —Kdydz-^dt, and that 

which escapes in the same time from the molecule, through the opp<»fy 
face, is found by writing x-l-dx in place of x in the preceding expression, it is 



fte taken, wi:bh res(^ to, x onfy. quantity xd 

wMdbL dunng the instant ^ti^ the molecule, across f&e first rectangfc 

dz^dx perpendicular to the iods of. y, is' da; ^<22, and that whicheae^ieB 

fnmi the molecide during the same instant, by the opposite face, is 

—Kdzdx^dt—Kdzdxd^^^ dt, 

the differential bdng taken with respect to y only. The quantity of heat which 
the molecule recdves dining the instant- d2, through its lower face, peipendicu- 

lar to the axis of z, is —K dxdy^ dt, and that which it loses through the 

opposite face is < - < < . 

-Kdxdy^dt-Kdxdyd dt, 

the differential being taken with respect to z only. ^ 

The sum of all the quanUties of heat which escape from the molecule mu^t 
now be deducted from the sum of the quantities which it receives, and the 
difference is that which determines its increase of temperature during the 
instant: this difference is 


Kdydzd dt+K dzdxd dl+K dx dy d dt, 


or 


Kdxdydz[^ + ^, + ^\dt. 


dz^‘ 


' 128. If the quantity whidi has just been found be divided by that which is 
necessary to raise the molecule from the temperature 0 to the temperature 1, 
the increase of temperature which is effected during the instant dt become 
known. Now, the latter quantity is CD dxdydziiorC denotes the capacity of 
the substance for heat; D its density, and dxdydz the volume of the molecule. 
Thcvmovmnent of heat in the interior of the solid is therefore expressed by the 
equation 


do _ , 

Jt~ CD \da? ^ dy* 


id). 


129. Itratnains to form the equations which relate to the state of the surface, 
Ishioh presents no difficulty, in accordance with the principles which we have 
estaldished. In fact, the quantity of heat which, during the mstant dt, crosses 

the rectan^e dzdy, traced on a plane perpendicular to «, u —Kdydz^dt. 

This result, which applies to all points of the solid, ought to hold when the 
value of X is equal to I, half the tiudkne8s.of the prism. In tins case, the reCtto- 
gledy dz bring ritiiat^ at the surf^, the quantity of heat which crosses it, 
and is dbp^rsed into the air during the instant dt, is espreffledby hv dy dz dt, we 

Opght timr^oiO to have, when the eqiiatipn , This condition 

must also be satisfied when 

It will be found aiao i^t, the queffitity of heat which crosses the rectani^e 
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iSzdz atusted oa a plaae pezpendieular to the axk of y being hat general 
—Kdzdz^f and Ibat which escapes at the suifaice into the air across the 

san^ reotan^e being kvdedzdt, we must have the equation a>0, 

when p’^loT —L Lastly, we obtain in like manner the definite equation 

)»+k|-0, 

which is satisfied when z—l or —1. 

130. The function sought, which expresses the varied movement of heat in 
the interior of a solid of cubic form, must therefore be determined by the 
following conditions: 

1st. It satisfies the general equation 

dv _ K (dPv , d*tf , d*»\ 
dt C-D\da^ dy* dzy ’ 

2nd. It satisfies the three definite equations 

fe + K | - 0 , to + K | - 0 , *.+*1 - 0 , 

which hold when **= ±1, y®* ±1, z— ±Z; 

8rd. If in the fimction v which contains x, y, z, t, we make whatevw be 
the values of x, y, and z, we ought to have, according to hypothecs, A, 
which is the initial and common value of the temperature. 

131. The equation arrived at in the preceding problem represents the movei- 
ment of heat in the mterior of all soUds. Whatever, in fact, the form of the 
body may be, it is evident that, by decomposing it into prismatic molecules, 
we shall obtain this result. We may therefore limit ourselves to ifemonstrating 
in this manner the equation of the propagatiem of heat. But in order to make 
the exhibition of principles more complete, and that we may collect into a 
small number of consecutive articles the theorems which serve to establish the 
general equation of the propagation of heat in the intaior of BoUds, and the 
equations which relate to the state of the surface, we shall proceed, in the tvm 
following sections, to the investigation of these equations, independently of 
any particular problem, and without revoting to the elem^itaiy propoatioos 
which we have explained in the introduction. 

SECTION VI, General equation of the Propagation of Heat 
in the Interior of Solids 

132. Theobbm I. If the different points of a homogeneous solid maas, endosed 
between mx planes at right angles^ heme atdual temperaia/res determine by the 
Unear equation ' 

andif the nwlecttles situated at the externtdmofaee an the six planes whiek bound 
the prism are maintained, by any ease whatever, at the temperature expressed by 
the equation {a): edl the molecules- situated in the interior of the mass wM eff 
themselees retain dieir actual temperatures, so that there wtZl be no dumgC in the 
amefthepriem. ... ' 
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. V demotes tim actual temperature of the point whose co-ordinates are x, y, z; 
A, a, b, c, are constant coefficients. 

To prove this proposition, consider in the sotid any three points whatever 
mM/t, ratuated on the same straight line m/i, which the point M divides into 
two equal parts; denote by x, y, z the co-ordinates of the point M, and its 
temperature by v, the co-ordinates of the point m by x+a, y+P, z+y, and its 
temperature by w, the co-ordinates of the point m by x—a, y—P, z—y, and 
its temperature by u, we shall have 

v=A—ax—by—ai, 
w - A—a(x+a)—b(y+P)—ciz+y), 
u=A—a(x—a)—b(y—p)—c(z—y), 

whence we conclude that, 

v—w=aa+bp+cy, and u—v^aa+bp+cy; 
therefore v—w=u—v. 

Now the quantity of heat which one point receives from another depends Wn 
the distance between the two points and on the difference of their tempeiV- 
tures. Hence the action of the point M on the point m is equal to the action of 
m on Af ; thus the point M receives as much heat from m as it gives up to the 
point y. 

We obtain the same result, whatever be the direction and magnitude of the 
line which passes through the point M, and is divided into two equal parts. 
Hence it is imposable for this point to change its temperature, for it receives 
from all parts as much heat as it gives up. 

The same reasoning applies to all other points; hence no change can happen 
in the state of the solid. 

133. Corollary I. A solid being enclosed between two infinite parallel 
planes A and B, if the actual temperature of its different points is supposed to 
be expressed by the equation v= 1—z, and the two planes which bound it are 
maintained by any cause whatever, A at the temperature 1, and B at the 
temperatiue 0; this particular case will then be included in the preceding 
theorem, if we make A = 1, o=0, 6=0, c— 1. 

134. CoROiiLARY II. If in the interior of the same solid we imagine a plane 
M parallel to those which bound it, we see that a certain quantity of heat flows 
across this plane during unit of time; for two very near points, such as m and n, 
one of which is below the plane and the other above it, are unequally heated; 
the first, whose temperatiue is highest, must ther^ore send to the second, 
during each instant, a certain quantity of heat which, in some cases, may be 
very small, and even insenrible, according to the nature of the body and the 
distance of the two molecules. 

The same is true for any two other points whatever separated by the plane. 
That which is most heated sends to the other a certain quantity of heat, and 
the sum of these partial actions, or of all the quantities of heat sent across the 
plane, comi)Oses a continual flow whose value does not change, since all the 
molecules preserve their tonperatures. It is easy to luove that this flow, or the 
guamtity of heat which crosses the plane M during the unit of time, is equivalent 
to that which crosses, during the same time, another plane N paraUd to the first. 
In fact, the part of tiie mass which is enclosed between the two surfaces M and 
N will receive continuity, across the plane M, as mu^ Wt as it loses across 
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the plane N. If the quantity of heat, which in pratsedng the plane M alters the 
part of the mass which is considered, were not equal to that which escapes by 
the opposite surface V, the solid enclosed between the two surfaces would acquire 
fresh heat, or would lose a part of that wluch it has, and its temperatures would 
not be constant; which is contrary to the preceding corollary. 

135. The measure of the specific conducibility of a given substance is taken 
to be the quantity of heat which, in an infinite solid, formed of this substance, 
and enclosed between two paralld planes, flows during unit of time across imit 
of surface, taken on any intermediate plane whatever, parallel to the external 
planes, the distance between which is equal to unit of length, one of them 
being maintained at temperature 1, and the other at temperature 0. This 
constant flow of the heat which crosses the whole extent of the prism is denoted 
by the coeflBcient K, and is the measure of the conductivity. 

136. Lemma. If we suppose all the temperatures of the solid in question under 
the preceding article^ to be multiplied by any number whatever g, so that the equa^ 
tion of temperatures is Vr=^g—gz, instead of being i;— 1— s, and if the two external 
planes are maintained^ one at the temperature g, and the other at temperature 0, 
the constant flow of heat, in this second hypothesis, or the quantity which during 
unit of time crosses unit of surface taken on an intermediate plane parallel to the 
bases, is equal to the product of the first flow multiplied by g. 

In fact, since all the temperatures have been increased in the ratio of 1 to g, 
the differences of the temperatures of any two points whatever m and p, are 
increased in the same ratio. Hence, according to the principle of the communi- 
cation of heat, in order to ascertain the quantity of heat which m sends to p 
on the second hypothesis, we must multiply by g the quantity which the same 
point m sends to on the first hypothesis. The same would be true for any two 
other points whatever. Now, the quantity of heat which crosses a plane M 
results from the sum of all the actions which the points m, m', w", w'", etc., 
situated on the same side of the plane, exert on the points p, p\ p*', p^", etc., 
situated on the other side. Hence, if in the first hypothesis the constant flow is 
denoted by K, it will be equal to gK, when we have multiplied all the tem- 
peratures by g, 

137. Theorem II. In a prism whose constant temperatures are expressed by 
the equation v = A—ax— by— cz, and which is hounded by six planes at right 
angles all of whose points are maintained at constant temperatures determined by 
the preceding equation, the quantity of heat which, during unit of time, crosses 
unit of surface taken on any intermediate plane whatever perpendicutar to z, is the 
same as the constant flow in a solid of the same substance would be, if enclosed 
between two infinite parallel planes, and for which the equation of constant temr 
peratures is v^c—cz. 

To prove this, let us consider in the prism, and also in the infinite solid, two 
extremely near points m and p, separated by the plane M perpendicular to the 
axis of z\ p being above the plane, and m below it (see Fig. 4), and below the 
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m woxmim 

aam.6 pItkeM let us talm s pomt m' sue^ that tiw porpendioidar dropped from the 
ptdiit pt <m the {da&e may aJso be peipeodiei^ to the distaaoe mm' at its 
muddle pcnnt h'. Deaote by s, y, z+h, the eo-oidinates of the point it, whose 
t^peraturo is w, by z—a, y—p, z, the co-ordinates of 'm, whose temp^aturo 
is V, and by x+a, y-i-fi, z, the co-ordinates of m', whose temperature is o'. 

' The action of m on p, at the quantity of heat wliich m sends to p during a 
certain time, may be expressed by q(p—w). The factor g depends on the dis- 
tance mp, and <m the nature of the mass. The action of m' on p will therefore 
be^expressed by g{v'‘-v>); and the factor g is the same as in the preceding 
ncpresfflon; hence the sum of the two actions of m on p, and of m' on p, or the 
quantity of heat which p receives from m and from m', is expressed by' 

g(v-w+v'-w ). . 

Now* if the points m, p, m' belong to the prism, we have 

v)’>»A—ax—hy~c{z+h), v^A—a(x—a)~b(y—fi)—cz, 
and v'=A—a(x+a)—b(y+fi)—ez; 

and if the same points belonged to an infinite solid, we should have, '^y 
hypothesis, 

w^^c—ciz+h), v=c—cz, and i/’=>c—cz. 

In the first case, we find 

g(v—w+v'—w)=2gdi, 

and, in the second case, we still have the same result. Hence the quantity of 
heat which p receives from m and from m' on the first hypothecs, when the 
equation of constant temperatures is v=A—ax—by—cz, is equivalent to the 
quantity of heat which p receives from m and from m' when the equation of con- 
stant temperatures is v=^c—cz. 

The same conclusion might be drawn with respect to any three other points 
whatever m', p', m", provided that the second p’ be placed at equal distances 
fnuu the other two, and the altitude of the isosceles triangle m'p'm" be parallel 
to z. Now, the quantity of heat which crosses any plane whatever M, results 
from the sum of the actions which all the points m, m', m", m'" etc., situated 
on one side of this idane, exert on all the points p, p', p", p'", etc., situated on 
the other side: hence the constant flow, which, during unit of time, crosses a 
definite part oi the plane M in the ini^te solid, is equal to the quantity of 
beat whi^ flows in the same time across the same portion of the plane M in 
:toe prism, all of whose temperatures are expressed by the equation 

■ V’**A—ax—by-~cz. 

138. CoROLLABT. The flow has the value cK in the infinite solid, when the 
part of the pl^e which it crosses has unit of surface. In the prism also it has 

tkssame value tsK or —K ^ . It is proved in the same mannw, thc^ the constant 

jkw khuSi takes place, during unit of Ume, in the same prism across unit of 
surface, on any j^ne whateoer perpendicular toy, is egudl to 

bK or 

dy' 

and that whteA crosses a plane perpendicular to x has the value 

a& or ^ . 

dx 
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to toe case m wfaidi toe iestantaaeoua action of a molecmle is exei*^ in- 
toe' interior of toe mass up' to' an c^precial!^ distanoe.. -Xn this- case, iro mtisl' 
suppose that toe cause winto maintains' tbe esct^al layers of the bi^y in toe 
state expressed by toe linear equation, affects the mass up to a finite depth. 
All observation concurs to prove that in solids and liquids the dfstailce in 
question is extremely small. 

14 $. TinsonDM III; If the temperatures at the points of a solid are repressed 
by toe etpiation v ^f{x, y, z, (), in which a, y, z are the co-ordinates of a mole-' 
cule whose temperature is equal to v after the lapse of a time t; the Sow of heat 
which crosses part of a plane traced in the solid, perpendicular to one of the 
three axes, is no longer cenistant; its value is different for different parts of the. 
plane, and it varies also wito toe time. .Tins variable quantity may be deter- 
mined by analysis. 

Let a be an infinitely small circle whose centre coincides with the point m 
of the solid, and whose plane is perpendicular to the vertical co-ordinate z; 
during the instant dt there will flow across this circle a certain quantity of heat 
which will pass from the part of the circle below the plane of the solid into toe 
upper part. This flow is composed of all the rays of heat which depart from a 
lower point and arrive at an upper point, by crossing a point of the small 
surface a. We proceed to toew that the expression of the value of the flow is 

-K^udt. 

dz 

Let us denote by y', 2' the co-ordinates of the point m whose temperature 
is v'; and suppose all the other molecules to be referred to this point m chosen 
as the origin of new axes parallel to the former axes: let f, y, S’, be the three 
co-ordinates of a point referred to the origin m; in order to express the actual 
temperature w of a molecule infinitely near to m, we shall have the linear 


equation 

, , ^dv' dv' , ^ di/ 

The coefficients ^ ^ ^ values which arq, found by Sub- 

stituting in the functions ^ ^ ^ ^i^® variables,®, y, t, the epn^twt 

quantities xf, y', 2', whidb measure the distances of toe point m from -toe first 
three axes of x,- y, and 2. . < . . 

Suppose now tl^t toe point m is also an internal molecub of a rectangular 
{Htstn, enclosed 'between dx planes perpendicular to the three axes whose 
origin is m; that w the actual temperature of each mol^qle of - this prism, 
whose dimensions are finite, is expressed by the linear eqTia.tion 
+l>n+ci‘, and that the rix faces which bound toe prism are maintained at the 
fixed temperatures which the last equation assigns to th^em. The state of the 
internal mrfleoules will also be permanent, and a quantity of heat measured by 
the eagrresdoh »^<£ewdf wtil tiow during the instant dfacrora tire cirdeu. ■' 

llus arranged, if we take as the values of toe constants A, a, b, c,'toe qrietift 

tiiito ^ ^ fibred state of tiie will be dtpresjaed 

ecKMCtion >'• ' ■' . ;■ 
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Thus <be molecutes infiuitdy near to the p<mt m fnll have, during the 
instant dt, the same actual temperature in the solid whose state is variaUe, 
and in the prism whose state is constant. Hence the flow which exists at the 
point rn, during the instant dt, across the infinitely small circle a, is the same 

in either solid; it is therefore expressed by —K^ wdi. 

From this we derive the following proposition 

If in a solid whose internal temperatures vary with the time, by virtue of the 
cuMon of the molecules, we trace any straight line whatever, and erect (see Fig. 5), 
at the different points of this line, the ordinates pm of a plane curve equal to the 
temperatures of these points taken at the same moment; the flow of heat, at each 
point p of the straight line, will be proportional to the tangent of the angle a which 
the element of the curve makes with the parallel td me abscissce; that is to ray, if 
at the point p we place the centre of an infinitely small circle u peipendicular 



to the line, the quantity of heat which has flowed during the instant dt, 
across this circle, in the direction in which the abscissae op increase, will be 
measured by the product of four factors, which are, the tangent of the angle a, 
a constant coefficient K, the area <o of the circle, and the duration dt of the 
instant. 

141. CoROLLABT. If we represent by « the abscissa of this curve or the dis- 
tance of a point p of the straight line from a fixed point o, and by v the ordinate 
which represents the temperature of the point p, v will vary with the distance e 
and will be a certain function /(c) of that distance; the quantity of heat which 
would flow across the circle oi, placed at the point p perpendicular to the line, 

will be —K ^ tadU, or 

-Kf'(t)udt, 

denoting the function by f(e). 

We may express this result in the following manner, which facilitates its 
^plication. 

To obtain the actual flow of heat at a point pof a straight line drawn in a solid 
whose temperatures vary by action of tJw molecules, we must divide the difference 
of (he temperatures at two points infinitely near to the point p by the distance 
between these points. The flow is proportional to the quotient. 
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142. Theorem IV. From the preceding Theor^oiB it is easy to dedooe the 
gmeral equations of the propagation of heat. 

Suppose the different points of a homogeneous solid of any form whatever^ to 
have received initial temperatures ivhich vary successively by the effect of the mutual 
action of the moleculeSy and suppose the equation v^f(x, y, z, t) to represent the 
successive states of the solidy it may now he sheum that v a function of four vari- 
ables necessarily satisfies the equation 

^ A, 4. ^ 4. 

dt CD \d3? dy* dz*) 

In fact, let us consider the movement of heat in a molecule enclosed between 
six planes at right angles to the axes of x, y,.and z; the first three of these 
planes pass through the point m whose coordinates are x, y, z, the other three 
pass through the point m', whose coordinates are x+dx, y+dy, z+dz. 

During the instant dt, the molecule receives, across the lower rectangle dxdy, 

which passes through the point m, a quantity of heat equal to —Kdxdy^dt. 

To obtain the quantity which escapes from the molecule by the opposite face, 
it is sufficient to change z into z+dz in the preceding expression, that is to say, 
to add to this expression its own differential taken with respect to z only; we 
then have 


-Kdxdy^dt‘ 


‘Kdxdy 


■,/dv\ 

T* I 
\dz/ 

dz 


dzdt 


as the value of the quantity which escapes across the upper rectangle. The 
same molecule receives also across the first rectangle dzdx which passes 

through the point m, a quantity of heat equal to — iST ^dzdxdt; and if we add 

to this expression its own differential taken with respect to y only, we find that 
the quantity which escapes across the opposite face dz dx is expressed by 


-K^dzdxdt-K 

dy 


Vdy/ 

dy 


dydzdxdt. 


Lastly, the molecule recaves through the first rectwgle dydz& quantity of 
dv • 

heat equal to —K-^dydzdt, and that which it loses across the opposite 
rectangle which passes through m' b expressed by 


-K^dydzdi- 


z(dv\ 

\dxl 

dx 


dxdy dzdt. 


We must now take the sum of the quantities of heat which the molecule 
receives and subtract from it the sum of those which it loses. Hence it appears 
that during the instant ctt, a total quantily of heat equal to 


K 


(: 


dac* dj^ + 


dxdydzdt 


aceumulates in the interior of the molecule. It ronains only to obtain tire 
increase of tonperature which must result from thb addition ci heat. 
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<fettfi1^ ol tfae w^d; or^ w«i^t of unit cf voinme, and €! Iho 
eipecifio capacity, oi ^ quantity of heat whidi niaes tmit' of weii^tt imm 
^ha terap^turC'P to tbe temperature 1; tiie product CD ■dx dff dz ozpanBaea the 
qimntity of heat required to raise from 0 to 1 the molecule whose vedume is 
dxdy dz. Hence dividing by this product the quantity of heat wMdi the moler* 
eule has just acquired, we shall ImvC its increase of temperature. Thus we 
obtain the gener^ equation 

dv K ( d*» , d®» . d*»\ . V 

di~ CD Vdx* dy* d**/ ' ‘ ‘ 

whi(^ ie the equation of ,the propagation of heat in the interior of all solid bodies. 
, l^.,.Xnd^endeiitiy of this equation the system of temp^tur^ is oftm 
subject to seyertd definite conditions, of which no general expression caii be 
given, since th^ depend on the natiue of the problem. 

If the dimensions of the mass in which heat is propagated are finite, add if 
the surface is maintained by some special cause in a given state; for example, 
if all its points retain, by virtue of that cause, the constant teihperature 0, >we 
Ehall have, denoting the unknown function v by ^ (x, y, z, t), the equation^of 
condition ^(x, y, z, t) »0; which must be satisfied by all values of x, y, z which 
Wong to points of the external surface, whatever be the value of t. Further, if 
we suppose the initial temperatures of the body to be expressed by the known 
function F(x, y, z), we have also the equation <t>{x, y, z, {i)—F{x, y, z); the 
condition expressed by this equation must be fulfilled by all values of the 
co-ordinates x, y, z which belong to any point whatever of the solid. 

144. Instead of submitting the siuface of the body to a constant temperar 
turn, we may suppose the temperature not to be the same at diff^nt points 
of the surface, and that it varies with the time according to a given law; which 
is what takes place in the problem of terrestrial temperature. In this case the 
equation relative to the surface contains the variable t. 

> 145. In order to examine by itself, and from a very general point of view, 
the problem of the propagation of heat, the solid whose initial state is given 
must be supposed to have all its dimenaons infinite; no special condition 
disturbs then the diffusion of heat, and the law to which this principle is 
submitted becomes more manifest; it is expressed by the general equation 

^ - JL a. ^ a. 
dt ~ CD Vdx* dy* dz*) ’ 

to which must be added that which relates to the initial arbitrary state of the s<didi 
Suppose the initial temperature of a molecule, whose co-ordinates are x, y, z, 
to be a known fimction F(x, y, z), and d«iote the imknown value v by 
^(x, y, z, t), we shall have the definite equation 0(x, y, z, 0) ’=F(x, y, z); thus 
tlm probl^ is reduced to the inte^cition of the general equation (A) in such a 
manner that it may agree, when the time is zero, witib the equation which 
contains ihe arbitraiy function 1^. 

SECTION YII. Oeneral F^puxUon BdaHve to (hz Surface : ! ' ^ > 

146. If tile solid has a d^nite form, and if its ori^nal heat is dispersed grad- 
u^y into atinoc^heric air maintained at a constant temperature, a thW 
liduditica rdativs to the state of the surfaoe must aebied to ths^goDiarai 
ecpiatimi (A) and to that which reiaresoitstim initial state. > 
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We proceed to examim, in toe foUoivmg articles, the nature of the equatiijm 
wMch expresses this third condition. 

Consider toe variable state of a solid whose heat is dtepersed into air, nuun- 
tained at toe fixed tonperature 0. Let w be an infinitely small part erf 'the 
external surface, and n a point of w, through which a normal to the surface is 
drawn; different points of thb line have at toe same instant different temp^ap* 
tures. 

Let V be toe actual temperature of toe point it, taken at a definite instant, 
and w toe corresponding tempen'ature of a point v of the solid taken on the 
normal, and distant from by an infinitely small quantity a. Denote by x, y, 
z toe co-ordinates of the point it, and those of the point v by x+Sx, y+Sy, 
z+Sz; let f(x, y, z) =0 be the known equation to toe surface of the solid, and 
»=4>(.x, y, z, t) the general equation which ought to give the value of v as a 
function of the four variables x, y,. z, t. Differentiating toe equation /(«, y, z) 
=0, we shall have 

m, n, p being functions of x, y, z. 

It follows from the corollary enunciated in Article 141, that the flow in 

direction of the normal, or the quantity of heat which during the instant dt 

would cross the surface u, if it were placed at any point whatever of this line, 

at right angles to its direction, is proportional to the quotient which is obtained 

by dividing the difference of temperature of two points infinitely near by todu: 

distance. Hence toe expression for the flow at the end of the normal is 

„io— » ,, 

—K am: 

a 

K denoting toe specific conducibility of the mass. On the other hand, the 8ur> 
face a permits a quantity of heat to escape into, the air, during the time dt, 
equal to hvadt; h being the conductivity relative to atmospheric air. Thus the 
flow of heat at the end of the normal has two different expr^aons, that is to 
say: 

hvadt and -K^^adt', 
a 

hence these two quantities are equal; and it is by the expresaon of this equal- 
ity that the conefition relative to the surface is introduced into the analysis. 
147. We have 

y,^v+Sv^v+-^Sx+^Sy+-g-g6s. 

Now it foUows from toe principles of geometry, that the co-ordinates Sx, Sy, 
bz, which fix the position of the point v of the normal relative to toe point <( 
satisfy the following conditions: 

' pSx^mSz, pSy’=nbz. 

We have ther^ore 

1 / dv , ^dv , dA * ' 

+" 5 ; 

we have also 

- ,p - 
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Chap, tl 


or 


a= -dz, denoting by q the quantity 
V 


w-’V / dv 

hence — =* I : 7 - 

ct \ dx 

consequently the equation 

hvtadt 

becomes the following: 


I dv , 


dv\ 1 
dzjq’ 




oxit 


dv I dv I dv . Jh A /'n\ 

^ dx ^ dy^^ dz ^ ^ 

This equation is definite and applies only to ^ints at the surface; it i^ that 
which must be added to the general equation of the propagation of heai (A), 
and to the condition which determines the initial state of the solid; m, n,\p, 
are known functions of the co-ordinates of the points on the surface, ^ 

148. The equation (B) signifies in general that the decrease of the tempera- 
ture^ in the direction of the normal, at the boundary of the solid, is such mat 
the quantity of heat which tends to escape by virtue of the action of the mole- 
cules, is equivalent always to that which the body must lose in the medium. 

The mass of the solid might be imagined to be prolonged, in such a manner 
that the surface, instead of being exposed to the air, belonged at the same time 
to the body which it bounds, and to the mass of a solid envelope which con- 
tained it. If, on this hypothesis, any cause whatever regulated at every instant 
the decrease of the temperatures in the solid envelope, and determined it* in 
such a manner that the condition expressed by the equation (B) was always 
satisfied, the action of the envelope would take the place of that of the air, and 
the movement of heat would be the same in either case: we can suppose then 
that this cause exists, and determine on this hypothesis the variable state of 
the solid; which is what is done in the employment of the two equations (A) 
and (B). 

By this it is seen how the interruption of the mass and the action of the 
medium^ disturb the diffusion of heat by submitting it to an accidental condi- 
tion. 

149. We may also consider the equation (B), which relates to the state of the 
surface, under another point of view: but we must first derive a remarkable 
consequence from Theorem III. (Art. 140). We retain the construction re- 
ferred to in the corollary of the same theorem (Art. 141). LfCt x, y, z be the 
co-ordinates of the point p, and 

z~\-bz 


those of a point q infinitely near to p, and taken on the straight line in ques- 
tion : if we denote by v and w the temperatures of the two points p and q taken 
at the same instant, we have 


I • i dv ^ t dv ^ i dv ^ 

hence the quotient 




dv ggg . dv dy , d,v §z 
dx dy Se ^ dz de* 


and a* 8x^+Sy^+dz^ ; 
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heat ’«4iich 'flows ae^oss the easfaoe u j^aoed atthepOint 
p, ii>erpea<ficular to the straight Ime, is ' 




dz Scj 


The first term is the product of — X^by (ftandby The latter quan- 


tity is, according to the principles of geometry, the area of the projection of a 
on the plane of y and 2 ; thus the product represents the quantity of heat which 
would flow across the area of the projection, if it were placed at the point p 
perpendicular to the axis of x. 

The second term —K ^ ^ represents the quantity of heat which would 

cross the projection of u, made on the plane of x and z, if this projection were 
placed parallel to itself at the point p. 

Lastly, the third term represents the quantity of heat which 


would flow during the instant dt, across the projecticoi of a on the i^ane cS. x 
and y, if this projection were fiaced at the point p, perpendicular to the co- 
ordinate z. 

By this it is seen Oud the quantity of heat which flows across every inflnitdy 
amatt part of a surface drawn in the interior of the solid, can always be decomposed 
into three other quantities of flow, which penetrate the three orthogonal projections 
of the surface, along the directions perpendicular to the planes of the projections. 
The result gives rise to properties andogous to those which have b^n noticed 
in the theory of forces. 

150. The quantity of heat which flows across a plane surface w, infinitdy 
small, ^ven in form and position, being equivalent to that which would cross 
its three orthogonal projections, it follows that, if in the interior of the solid 
an element be imagined of any form whatever, the quantities of heat whidi 
pass into this polyhedron by its different faces, compensate each other i^ipro- 
cally : or more exactly, the sum of the terms of the first order, which enter into 
the expresfflon of the quantities of heat received by the molecule, is zero; so 
that the heat which is in fact accumulated in it, and makes its temperature 
vary, cannot be expressed except by terms infinitely smaller than those of the 
first order. 

This result is distinctly seen when the genetd equation (A) has beei estab- 
lished, by considering the movement of heat in a prismatic molecule (Artides 
127 and 142) ; the demonstration may be extended to a molecule of any form 
whatever, by substituting for the heat received through each face, that which 
its three projections would receive. 

In other respects it is necessary that this should be so: for, if one of the 
molecules of the solid acquired durii^ each instant a quantity of heat exjHessed 
by a term of the first order, the variation of its tempmature would be mfinitdy 
greater thsm that of other molecules, that is to say, during each infinitely small 
instant its temperatxire would mcrease or decrease by a finite quantity, which 
is contraty to experience. 

. IfiL We proosed tp epply this remark to a ipqlecnile.sitoa^ at the 
surface df the solid. 
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Throuf^ a point a (see Fig. 6), takm on the idane of x and f/, dxawr two pkae^ 
perpendicular, one to the axis of x the otiber to the axis of p. Through a pdnt b 
of the same plane, infinitdy near to a, draw two other planes parallel to the 
two preceding planes; the ordinates z, raised at the points a, b, c, d, up to the 

y\ 


i b 


a\ !c 


Kg. 6 

external surface of the solid, will mark on this surface four points a', ¥, c\, df, 
and will be the edges of a truncated prism, whose base is the rectangle o&cd. If 
through the point o' which denotes the least elevated of the four points a'\V, 
c', d', a plane be drawn paralld to that of x and y, it will cut off from the trun- 
cated prism a molecule, one whose faces, that is to say a'h’e'd', coincide 
with the surface of the solid. The values of the four ordinates oo', cc', dd', W 
are the following: 

oo' -z, 

cc'^z+^dx, 

dd'=z+^dy, 

152. One of ths faces perpendicular to a; is a triangle, and the opposite face 
is a trapezium. The area of the triangle is 

idy^dy, 

and the flow of heat in the direction perpendicular to this surface being 
—K ^ we have, mnitting the factor dt 

as the expression of the quantity of heat which in one instant passes, into the 
molecule, across the triangle in question. 

The area of the opposite face is 

Ji !/ (§&+§<&+ 1 rf »), 

hndtibe flow perpeniflbular to this face is also — JST ^ , suppresrang terms of the 
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second order infinitely smaller tium those of tiie first; subtracting the quantity 
of heat which escapes by the second face from that -sdiich entras by the fimt 
we find 


K— — 
dx dx 


dxdy. 


This term expresses the quantity of heat the molecule recmves throu^ the 
faces perpendicular to x. 

It will be foimd, by a similfir process, that the same molecule receives, 
through the faces perpendicular to y, a quantity of heat equal ix>K^^dxdy. 

The quantity of heat which the molecule recdives through the rectangular 
base is —K^dxdy. Lastly, across the upper surface a'b'c'd', a certain quan- 
tity of heat is permitted to escape, equal to the product of hv into the extmit w 
of that surface. The value of w is, accorchng to known principles, the same as 

that of dx dy multiplied by the ratio - ; « denoting the length of the normal 

z 

between the external surface and the plane of x and y, and 

hence the molecule loses across its surface a'h'dd' a quantity of heat eqxuil to 
hvdxdy- . 

Now, the terms of the first order which enter into the expression of the total 
quantity of heat acquired by the molecule, must cancel each other, in order 
that the variation of temperatiure may not be at each instant a finite quantity; 
we must then have the equation 

|dxdy-|dxdy)-At; = dxdy-0, 


K^z~dxdx'^dydy 


dv 

dz 


dz dz 

153. Substituting for ^ and ^ their values derived from the equation 

mdx+ndy+pdz=0, 
and denoting by q the quantity 

we have 

^ I +•> I 

thus we know distinctly what is represented by each of the terms of this 
equation. 

Taking them all with contrary signs and multiplying them by dx dy, the first 
expresses how much heat the molecule receives through the two faces perpmi- 
dicular to x, the second how much it receives through its two faces perpen- 
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dira^ to the tbird bow muoh it receives tlyxnii^ the fees ^et^peiKlMBr to 
z, and Iheiourtbi.how nmdi it recaves from.the m^uda. Hm) equation therer 
fore expresses that the sum of all the terms of the first order b sero, and t^t 
the heat acquired cannot be represented except by terms of the second order. 

154. To arrive at equation (B), we in fact consider one of the molecules 
whose base is in the surface of the solid, as a vessd which receives or loses heat 
through its differmt faioes. The equation signifies that dl the terms of the first 
order which enter into the exprestion of the heat acquired caned each other; 
so that the gain of heat cannot be expressed except by terms of the second 
order. We may give to the molecule the form, either of a right prism whose axis 
is normal to the surface of the solid, or that of a truncated prism, or any form 
v^tever. 

The general equation (A), (Art. 142) supposes timt all the terms of the /first 
order caned each other in the interior of the mass, which is evident for pris- 
matic molecules enclosed in the solid. The equation (B), (Art. 147) exprepes 
tire same result for molecules situated at the boundaries of bodies. \ 

Such are the general points of view from which we may look at this part\ of 
the theory of heat. 

The equation ^ = 

in the interior of bodies. It enables us to ascertain the distribution from instant 
to instant in all substances solid or liquid; from it we may derive the equation 
which belongs to each particular case. 

In the two following articles we shall make this application to the problein 
M'the Qrlinder, and to that of the sphere. 


K 

CD 


^ represents the movement of heat 


SECTION Vni. Applicaiion of the General EgtuUions 

155. Let us denote the variable radius of any cylindrical envelope by r, and 
suppose, as formerly, in Article 118, that all the molecules equally distant from 
the axis have at each instant a common temperature; v will be a function of r 
and t; r is a function of y, z, given by the equation r®=y*+«®. It is evident in 

the first place that the variation of v with respect to x is nul ; thus the term 

must be (unitted. We shall have then, according to tiie principles of tire differ- 
ential calculus, the equations 

^ ^ ^ j ^ ^ ^ /dV\ 

dy ~ dr dy dy* ~ dr^ \dy/ dr \dy*) ’ 

— ^ ^ j ^ ^ . 

dz ™ dr dz da* " dr* \dz/ dr\dz*) ’ 

wboice 

d*» , d*» d*v f/drV , i / \ 

" ^ ^ + + + • - (a). 

In the second nmnber <ff the equation, the quantities 

^ dr ^ d*f 
dy' ds’ dy*' 3?’ 
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must be re]^oed by ttnir respective vahies; jfor wlddbL purpose we (terive from 
tile equation 


y-r%^ !■ {%)’ ^ 

.-,|.ndl-(|y+rg. 


and consequently 

The first equation, whose first member is equal to r*, gives 


the second gives, when we substitute for 


its value 1, 



^ ^ ^ 1 

dy* dz* r 


(c). 


If the values given by equations (b) and (c) be now substituted in (a), we 
have 

d*t> , ^ d*t> ■ 1 do 
dy* dz* “ dr* ? dr ‘ 

Hence the equation which expresses the movement of heat in the cylinder, is 

^ ^ 1 

dt ~ CD \dr* r dr/ ’ 


as was found formerly. Art. 119. 

We might also suppose that particles equally distant from the centre have 
not received a common initial temperature; in this case we should arrive at a 
much more general equation. 

156. To determine, by means of equation (A), the movement of heat in a 
^here which has been immersed in a liquid, we shall regard v as a function of 
r and r is a function of x, y, z, pven by the equation 

r*=®*4'y*+**, 

r being the variable radius of an envelope. We have then 

dtf dv dr j d*i» / dA*.!. d» d*f ' 

S dr d* das* " ^ \dx/ da^' r 

4g dv^ . ^ d*»/drY ■ ^ ^ . i , 

^ “ dr dy ^. dp* “ dr»\dp/ dr <4>*’ , » / - . 
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dz dr dz ^ dz* ~ dr^ \dz/ dr dz* ' 

Making these substitutions in the equation 

dt “ CD Id®* d^ ■'■ dz^ 


we shall have 

^ ^ f — /^V\ _L ^ -L ^ • _1_ 

dt ~ CD Ldr* \Vdx/ \dy) \dz J j dr \da^ 

The equation a:®+|/*+3*=r* gives the following results: 

/drVl'''rf*r 


^ ^\1 


(a). 


= r^ and 1- 
dx 


a“d 1 


z=r^ and 1 
dz 


— (^l\ 

~ W/ 

— 

~ \d2/ 


+r 


+r 


da^*’ 

dj/®’ 

d®r 

dz®' 


The three equations of the first order give: 

The three equations of the second order give: 


and substituting for 


d®r 

dz® 


its value 1, we have 


/ ^Yo- { — Y4- ( — Y 

\dx/ \dyj \<f2/ 


d*r , ^ ^ _ 2 

eta^ dy^ dz^ ~ r ' 


Making tliese substitutions in the equation (a) we have the equation 

^ ^ i— 4 . ? ^ 

dt ~ CD Idr® r dr 

which is the same as that of Art. 114. 

The equation would contain a greater number of terms, if we supposed 
molectiles equally distant from the centre not to have received the same initial 
temperature. 

We might also deduce from the definite equation (B), the equations which 
express the state of the surface in particular cases, in which we suppose solids 
of given form to cmnmunicate thdr heat to the atmospheric air; but in most 
c^ses these equations present themselves at once, and their form is very 
aniple, wh^ the co-on^ates are suitably chosen. 
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SECTION IX. Gmer<d 

157. The investigation of the laws of movement hMiit in solids now <wMMii*fa» 
in the integration of the equations which we have o<mstTucted; tins is the 
object of the following chapters. We conclude this chapter with general re- 
marks on the nature of the quantities which enter into our analsrsis. 

In order to measure these quantities and express them numericaUy, th^ 
must be compared with different kinds of units, five in number, namely, the 
unit of length, the unit of time, that of temperature, that of areight, and finally 
the unit which serves to measure quantities of heat. For the last unit, we mi^t 
have chosen the quantity of heat which raises a given v<dume of a certain 
substance from the temperature 0 to the temperature 1. The chmce of this 
unit would have been preferable in many respects to that of the quantity of 
heat required to convert a mass of ice of a given weight, into an equal mass of 
water at 0, without raising its temperature. We have adopted the last unit 
only because it had been in a manner fixed beforehand in several works on 
physics; berades this supposition would introduce no change into tire results of 
analysis. 

158. The specific elements which in every body determine the measurable 
effects of heat are three in number, namely, the conductivity proper to the 
body, the conductivity relative to the atmospheric air, and the capacity for 
heat. The numbers which express these quantities are, like the spedfic 
gravity, so many natural characters proper to different substances. 

We have already remarked. Art. 36, that the conductivity of the surface 
would be measured in a more exact manner, if we had sufficient observations 
on the effects of radiant heat in spaces deprived of air. 

It may be seen, as has been mentioned in the first section of Chapter 1, Art. 
11, that only three specific coefficients, K, h, C, enter into the investigation; 
they must be determined by observation; and we shall point out in the sequel 
the experiments adapted to make them knovm with precision. 

159. The number C which enters into the analysis, is always multiplied by 
tiie density D, that is to say, by the number of units of wdght which are equiv- 
alent to the weight of unit of volume; thus the product CD may be replaced by 
the coefficient c. In this case we must understand by the specific capacity for 
heat, the quantity required to raise from temperature 0 to temperature 1 unit 
of volume of a given substance, and not unit of weight of that substance. 

With the view of not departing from the common definition, we have re- 
ferred the capacity for heat to the weight and not to the volume; but it would 
be preferable to employ the coefficient c which we have just defined; magni- 
tudes measured by the unit of weight would not then enter into the analytical 
expressions: we should have to consider only, 1st, the linear dimention z, the 
temperature v, and the time t; 2nd, the coefficients c, h, and K. The three first 
quantities are imdetermined, and the three others are, for each substance, 
constant elements which experiment determines. As to the unit of mirface aiMl 
tire unit ol volume they are not absolute, but depend on tiie unit of length. 

160. It must now be remarked that every undetermined mapiitude or 
constant has one dimension proper to itself, and that the terms of one and.the 
same equation could not be compared, if they had not the same exponefU of 
dimension. We have introduced this eonsideraticm into the theory of healt, in 
order to msike our defimtions more exact, and to serve to v^y the imalym* 





n 


it is detived from primaiy iu>tioiB 80 ii qiawtHies^iDr 'wipch Teaacm, in g«nnetr 3 r 
and meehanies, it is tito equivalent of tbe fundamental lonmas whidi the 
Chedbi have l^t ^l8 'without inoof . 

' 161. In the analytical theory of heat, every equation (E) e]q>re8ses a neces- 
sary relation between the existing magnitudes x, t, v, e, A, K. This relation 
depends in no respect on the choice of the unit of length, which from its very 
naiuce is contingent, that is to say, if we took a different unit to measure the 
hitear dimensions, the equation (£) would still be the same. Suppose then the 
unit of l^igth to be changed, and its second value to be equal to the first 
divided by m. Any qxiantity whatever x which in the equation (E) represents a 
certain line oh, and which, consequently, denotes a certain number of times 
the unit of length, becomes mx, corr^onding to the same length oh; the value 
t of the time, and the value v of the temperature not be changed ; the same 

* ' h 

is not the case with the specific elements k,K,c: the first, k, becomes — ; , i 

tnr 

expreeaeB the quantity of heat which escapes, during the unit of time, frQm\ the 
unit of surface at the temperature 1. If we examine attentively the nature of 
the coefficient K, as we have defined it in Articles 68 and 135, we perceive teat 
K 

it becomes — ; for the flow of heat varies directly as the area of the surface, and 

Ti% 

inversdy as the distance between two infinite planes (Art. 72). As to the co- 
effidoit e which represents the product CD, it also depoads on the unit of 

length and becomes — j ; hence equation (E) must imdergo no change when we 

Ttt 

K h c 

write mx instead of x, and at the same time — instead of K, h, c; the 

number m disappears after these substitutions: time the dimension of x with 
rei^iect to the unit of length is 1, that of E is — 1, that of h is — 2, and that of e 
is —3. If we attribute to each quantity its own exponent of dimension, the 
equation will be homogmeous, since every term will have the same total 
exponent. Numbers such as S, which repres^t surfaces or solids, are of two 
dim^isions in the first case, and of three dimensions in the second. Angles, 
sines, and other tngonometrical functions, logarithms or exponents of powers, 
are, according to the principles of mialysis, absolute numbers which do not 
diange 'with the imit of length; their dimensions must therefore be taken equal 
to 0, which is the dimension of all abstract munbers. 

If the unit of time, which was at first 1, becomes - , the number t will become 

nt, wid the numbers x and v will not change. The coefficients K, h, c will be- 
K. h 

pome Thus the dimendons ofx,f,v with respect to the unit of time are 

0, 1, 0> and those of K, A, e are —1, —1, 0. 

if' unit <xf temi>erature be dumged, so that the tempoature 1 beccHnes 
that whidi corre^nds to an ^ect other than the boiling oi watw; and if that 
effect requires a less temperature, which is to that of bdflng water in the ratio 
of 1 to tte number p; v will become vp, z and t will keep their values, and the 

pbqffidents ^ i h ,€ win become 

'.'The following table indicates the dimenmons of the three undetermined 
qlUlRDtities and ^ three constants, with xeq)eet to each idnd of unit. 
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QuarUity or Comtant 

Length 

LurcMon 

Temperaiwo 

Exponent of dimension of z 

1 

0 

0 

<1 fi n (i f 

0 

1 

0 

a « tt it „ 

0 

0 

1 

The specific conducibility, K 

-1 

-1 

-1 

The surface conducibility, k 

-2 

-1 

-I 

The capacity for heat, c 

-3 

0 

-1 

162. If we retained the coefficients C and D, whose product has been 


represented by c, we should have to consider the unit of weight, and we should 
find that the exponent of dimension, with respect to the unit of length, is —3 
for the density D, and 0 for C. 

On applying the preceding rule to the different equations and their trans* 
formations, it will be found that they are homogeneous with respect to each 
kind of unit, and that the dimension of every angular or exponential quantity 
is nothing. If this were not the case, some error must have been committed in 
the analysis, or abridged expressions must have been introduced. 

If, for example, we take equation (b) of Art, 105, 

^ _ A ^ _ _M_ 

dt~ CD d3? CDS^’ 

we find that, with respect to the unit of length, the dimention of each of the 
three terms is 0; it is 1 for the unit of temperature, and — 1 for the unit of time. 
In the equation v—Ae~*'\/m of Art. 76, the linear dimension of each term 

is 0, and it is evident that the dimension of the exponent Is always noth- 
ing, whatever be the units of length, time, or temperature. 
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BIOGRAPHICAL NOTE 
Michabl Fabadat, 1791-1867 


Fail^dat was bom September 22, 1791, in 
Newington, Surrey, the son of a blakiksmith. 
When he was five, the family moved to Lon- 
don, and he grew up in such poverty that, as 
he later recidled, the loaf of bread his mother 
gave him had to last a week. “My education,” 
he wrote, “was of the most ordinary descrip- 
tion, consisting of little ihore than the radi- 
ments of reading, writing, and arithmetic at a 
common day school. My hours out of school 
were passed at home and in the streets.” 

At the age of twelve he became an errand- 
boy for a bookseller and bookbinder, and a year 
later he was accepted because of exemplary 
conduct as an apprentice without fee. His sci- 
entific education began while he was engaged 
in binding books. As he later wrote to a friend: 
“It was in those books, in the hours after work, 
that I found the beginning of my philosophy. 
There were two that especially helped me, the 
Encyclopaedia Britannica, from which I gained 
my first notions of electricity, and Mrs. Mai^ 
cet’s Conversationa on Chemistry, which gave 
me my foundation in that science.” With what 
money he could spare he bought materials for 
experiments, and by 1812 was conducting in- 
vestigations in electrolytic decomposition. In 
the spring of that year, through the generosity 
of a customer, he was able to attend a series of 
four lectures by Sir Humphry Davy at the 
Boyid Institution. He took careful notes, wrote 
them out in fuller form, and bound them into 
a book. He sent the notes to Davy with a re- 
quest for employment at the Royal Institution 
in any capacity connected with science. Davy 
advised him not to give up a skilled trade for 
something m which there was neither security, 
money, nor opportunity for advancement, but 
a few months later, on the dismissal of a lab- 
oratory assistant, he offered the post to Fara- 
day. He became Davy’s assistant in March, 
1813, and in October of that year accompanied 
him on a tour of the universities and labora- 
tories of France, Italy, and Switaerland, which 
lasted until AprU, 1815. 

Upon h» return to EngMd and the hsstitur 


tion, Faraday continued as Davy’s astistant 
and began research of his own. In 1816 he made 
his first contribution in the form of an analysis 
of caustic lime from Tuscany, which was pub- 
lished in the Qvarterly Journal qf Sdenee. ¥am 
that time he wrote an increasing number of 
notes and memoirs. In 1821 he b^an Work 
upon electromagnetism; he first collected and 
repeated all the known experiments, published 
an account of them in the Annals of Philoso- 
phy, and proceeded to make his own investigar- 
tions. His experiments were meticulously re- 
corded in numbered paragraphs, and in 1^1 
he started the first section of his Expaimentcd 
Researches in ElectricUy, which was to occupy 
him intermittentiy for the next twenty-three 
years. First published in the form of mono- 
graphs in the "Transactions of the Royd So- 
ciety," they were later brou^t out in three 
volumes (1844, 1847, 1855). 

Faraday was occupied during these yean 
with many things in addition to research in 
electricity. Pursuing the chemical investiga- 
tions he had begun as Davy’s assistant, Iw 
made a special study of chlorine, discovered 
two new chlorides of carbon, initiated experi- 
ments on the diffusion of gases, and was among 
the first to succeed in their liquefaction. Many 
of his discoveries had industrial applications, 
some of which he investigated, such as the d- 
loys of steel and the muiufaeture of ^ass. He 
was also called upon to act as a consultant on 
many works of public concern, and for tiiiriy 
years he was adviser to Trmity House on the 
supervision of the lighthouses of England. Rn 
1823 he was elected to the Royal Society over 
Davy’s strong opposition, whi(^, howevw, 
aday did not permit to interfere witit tintir. 
friendship. In 1833 he was made the FuHeskui' 
professor of chmnistry for life, and altiiou(^ !ie 
was not obliged to lecture, he frequently did so 
in order to increase the stability and in^Jietiee 
of tile Institution. His ceiel»ated CkmiedBis- 
tory qf a Ctmdie was one of the series of CShfist- 
mas lectures for childroiwhitii he had started 
at the Institution. Be reedved honorary do- 
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grees and scientific tributes from all parts of 
the world, and both the Royal Society and the 
Royal Institution tried in vain to persuade him 
to accept the presidency. As he told his friend 
Tyndall in refusing the Royal Society’s offer, 

must remain plain Michael Faraday to the 
last.” 

After he had become famous for his discov- 
eries, Faraday’s services were eagerly sought 
by industry and commerce. For a few years he 
did a little “professional business,” as he called 
it, and in 1830 received more than a thousand 
pounds in return. It is estimated that this work 
might easily have yielded five thousand pounds 
in 1832, but he then felt, as he later told Tyn- 
dall, that he had to decide whether to make 
wealth or science the pursuit of his life. He 
chose science and lived and died a poor man. 

Faraday married in 1821, “an event,” he 
wrote, “which more than any other contributed 
to my earthly happiness and healthful state of 
mind.” The marriage was childless, but Fara- 
day’s lodgings in the Royal Institution weie 
always full of his wife’s nieces and nephews, for 
he enjoyed the company of children and liked 


to take part in their games. Faraday’s parents 
belonged to the small dissident Presbyterian 
sect known as Sandemanians, and Faraday 
himself attended their meetings from child- 
hood; he made a formal declaration of faith at 
thirty and for two different periods discharged 
the office of elder. 

Faraday’s last years were spent in seriously 
declining health. As early as 1841, as a result 
of overwork, he had suffered a serious break- 
down and was compelled to take a complete 
rest for a period of several years. Although he 
was back in the laboratory by 1845 and for fif- 
teen years* engaged in some of his most impor- 
tant research, his health was never completely 
restored. When at length he found hia memory 
failing and his powers declining, he wlded to 
others whatever parts of his work he ^ould no 
longer accomplish according to his owla stand- 
ard of efficiency. Queen Victoria, in 1858, pro- 
vided him with a house at Hampton Court 
which had rooms so arranged that he had no 
stairs to climb. In 1862 he delivered his last 
lecture and performed his last experiment. He 
died August 25, 1867. 
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PREFACES FROM ORIGINAL THREE-VOLUME EDITION 


Pr^ace to Volume I 

I HAYS been induced by various circumstances to collect in one volmne 
Fourteen Series of Experimental Researches in Electricity , which have appeared 
in the Philosophical Transactions during the last seven years: the chi^ reason 
has been the desire to supply at a moderate price the whole of these papers, 
with an index, to those who may desire to have them. 

The readers of the volume will, I hope, do me the justice to remember that 
it was not written as a whole, but in parts; the earlier portions rarely having 
any known relation at the time to those which might follow. If I had rewritten 
the work, I perhaps might have considerably varied the form, but should not 
have altered much of the real matter: it would not, however, then have been 
considered a faithful reprint or statement of the course and results of the whole 
investigation, which o^y— I desired to supply. 

1 may be allowed to express my great satisfaction at finding, that the differ^ 
ent parts, written at intervals during seven years, harmonize so well as they do. 
There would have been nothing particular in this, if the parts had related only 
to matters well-ascertained before any of them were written: — ^but as each 
professes to contain something of original discovery, or of correction of re- 
ceived views, it does surprise even my partiality, that they should have the 
degree of consistency and apparent general accuracy which they seem to me 
to present. 

I have made some alterations in the text, but they have been altogether of a 
typographical or grammatical character; and even where greatest, have been 
intended to explain the sense, not to alter it. I have often added Notes at the 
bottom of the page, as to paragraphs 59, 360, 439, 521, 552, 555, 598, 657, 883, 
for the correction of errors, and ^so the purpose of illustration: but these sae 
all distinguished from the Original Not^ of the Researches by the date of 
JDcc. 1838. 

The date of a scientific paper containing any pretentions to discovery is fre- 
quently a matter of serious importance, and it is a great misfortune that there 
are many most valuable communications, essential to the history and progress 
of science, with respect to which this point cannot now be ascertained. This 
arises from the circumstance of the papers having no dates attached to them 
individually, and of the journals in which they ^pear having such as are inac- 
curate, i.e. dates of a period earlier than that of publication. I may refer to the 
note at the end of the First Series, as an illustration of the kind of confution 
thus produced. These circumstances have induced me to affix a date at the top 
of every other page, and I have thought myself justified in uting that placed by 
Ihe Secretary of the Royal Society on each paper as it was received. Ap au^ior 
has no right, perhaps, to claim an earlier one, unleas it has received oon&nna- 
tkm by some public act or officer. 
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Before ooncludiog these lines I would leave to make a reference or two; 
first, to my own “Papers on Electro-ma^etic Botations” in the Quarterly 
Journal of Science, 1822. XII, 74, 186, 283, 416, and also to my “Letter on Mag- 
neto-electric Induction” in the AnncUea de Chimie, LI, p. 404. These might, as 
to the matter, very properly have appeared in this volume, but they would have 
intorfered with it as a ample reprint of the Experimented Researches of the PhU- 
osophical Transactions. 

Then I wish to refer, in relation to the Fourth Series on a new law of Electric 
Conduction, to Franklin’s ^periments on the non-conduction of ice, which 
have been very properly separated and set forth by Professor Bache (Journal 
of the Franklin Institute, 1836. XVII, 183). These, which I did not at all re- 
member as to the extent of the effect, though they in no way antidpate the ex- 
presdon of the law I state as to the general effect'of liquefaction on electrolytes. 
Still should never be forgotten when speaking of that law as applicable to the 
case of water. \ 

There are two papers which I am anxious to refer to, as corrections or )mti- 
cisms of parts of the Experimental Researches. The first of these is one by Jalrobi 
{Philosophical Magasine, 1838. XIII, 401), relative to the possible production 
of a spark on completing the junction of the two metals of a single pair of plates 
(915). It is an excellent paper, and though I have not repeated the experiments, 
the description of them convinces me that I must have been in error. The sec- 
ond is by that mccellent philosopher Marianini {Memoria della Societa Italiana 
di Modena, XXI, 205), and is a critical and experimental examination of Series 
VIII, and of the question whether metallic contact is or is not productive of a 
part of the electridty of the voltaic pile. I see no reason as yet to alter the opin- 
ion I have given; but the paper is so very valuable, comes to the question so 
directly, and the point itself is of such great importance, that I intend at the 
first opportunity renewing the inquiry, and, if I can, rendering the proofs either 
on the one side or the other undeniable to all. 

Other parte of these researches have received the honour of critical attention 
from various philosophers, to all of whom I am obliged, and some of whose cor- 
rections I have acknowledged in the foot notes. There are, no doubt, occasions 
on which I have not felt the force of the remarks, but time and the progress of 
sdence will best settle such cases; and, although I cannot honestly say that I 
wish to be found in error, yet I do fervently hope that the progress of science 
m the hands of its many zealous present cultivators will be such, as by giving 
its new and other developments, and laws more and more general in their ap- 
plications, will even make me think that what is writtai and illustrated in 
^ese experimental researches, belongs to the by-gone parts of science. 

MicHAZSi. Fabadat 

Royal Institution, March, 1839 


Preface to Volume II 

Fob reasons stated in the former volume of Experimental Researches in El/eo- 
irieity, I have foedto induced to gather the remaining Series togeth^, and to add 
to them certain other papers devoted to Electrical research. 

- tte prefatory renmks containing these reasoira, 1 would recall the 
JedficKk ci those who may honour these Researches with mqr further attention; 
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I have' printed tiie papers in thb volume, as before, 'wirii littie or no alteiatibn, 
except that X have placed the fair and just date of each at the t(^ of the pages. 

I regret the presence of those papers which partake of a controversiai charac" 
ter, but could not help it; some of them contain much new, important and ex«* 
planatoty matter. The introduction of matter due to other parties than myself, 
as Nobili and Antinori, or Hare, was essential to the comprehension of the fur- 
ther development ^ven in the replies. 

I owe many thanks to the Royal Society, to Mr. Murray, and to Mr. Taylor, 
for the great kindness I have received in the loan of plates, &c., and in other 
facilities granted to me for the printing of the volume. 

As the Index belongs both to the Experimental Researches and to the miscel- 
laneous papers, its references are of necessity made in two ways; those to the 
Researches are, as before, to the numbers of the Paragraphs, and are easily 
recognised by the greatness of the numbers: the other references are to the 
pages, and being always preceded by p. or pp., are known by that mark. 

Michael Faradat 


Preface to Volume III 

For reasons stated in the First Volume of these Experimented Researches, I have 
been induced to gather the remaining Series together, and to add to them cer- 
tain other papers devoted to Electrical and Magnetic Research. 

To the prefatory remarks containing these reasons, I would recall the recol- 
lection of those who may honour these Researches with any further attention. 

I have printed the papers in this volume, as before, with little or no alteration, 
except that I have placed the fair and just date of each at the top of the pages. 

As regards magnecrystallic action, which commences at paragraph 2454, the 
reader will see the gradual change and enlargement of view respecting its na^ 
ture in the course of long investigations at the following phuses, 2550, 2562, 
2576, 2584, &c., 2591, 2639, 2797, 2818, 2836, &c. I would refer readers to .the 
paper by Tyndall and Knoblauch in the Philosophical Magazine, 1850, Vol. 
XXXVII, p. 1, for a very philosophical account of the phyrical cause of the 
magnecrystallic action,^ and to the paper by Professor W. Thomson on the 
theory of magnetic induction in crystalline and non-crystalline substances in 
the Philosophical Magazine, 1851, Vol. I, p. 177, as being in all parts in perfect 
accordance with the various experimental results which 1 have at different times 
obtained. 

With respect to paragraph 2967, and the intentions there expressed of 
experimenting with oxygen at low temperatures, I have endeavour^ to caxty 
these intentions out; but the extreme difficulty of working on such attenuated 
matter as gases at low temperatures, without the production of air-currents 
able to influence the very delicate torsion-balance and apparatus requir^^ to 
measure the result, is so great as to have prevented me as yet from obt aining 
any results worthy of confidence. 

I owe many thanka to the Royal Society and to the Proprietors of the 
osophical Magazine, for the great kindness I have reedved in the loan of plates,, 
Ac., and in other facilities granted to me for Ihe printing of the volume. 

* Mwthaad and Soheerer say that bismuth is expanded by pressure and has its sirae- 
turet dutnged. Gmelin’s Handbook, iv. p. 428. 
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As the Index belongs both to the Experimentd Researches and to the other 
papers, its references are of necessity made in two ways ; those to the Researches 
are, as before, to the numbers of the paragraphs, and are easily recognized by 
the greatness of the numbers: the other references are to the pages, and being 
always preceded by p. or pp,, are known by that mark. 

Michael Fabadat 


Janmry, 1855 



FIRST SERIES 


§ !• On the Induction of Electric Currents § 2 . On the Evolution of 
Electricity from Magnetism § 8 . New Electrical Condition of Matter 
§ 4. Explication of Aragons Magnetic Phenomena 
Read November 24, 1831 


1, The power which electricity of tension pos- 
sesses of causing an opposite electrical state in 
its vicinity has been expressed by the general 
term Induction; which, as it has been received 
into scientific language, may also, with propri- 
ety, be used in the same general sense to express 
the power which electrical currents may possess 
of inducing any particular state upon matter 
in their immediate neighbourhood, otherwise 
indifferent. It is with this meaning that I pur- 
pose using it in the present paper. 

2. Certain effects of the induction of elec- 
trical currents have already been recognised 
and described: as those of magnetization; Am- 
pSre^s experiments of bringing a copper disc 
near to a flat spiral; his repetition with electro- 
magnets of Aragons extraordinary experiments, 
and perhaps a few others. Still it appeared un- 
likely that these could be all the effects which 
induction by currents could produce; espe- 
cially as, upon dispensing with iron, almost the 
whole of them disappear, whilst yet an infinity 
of bodies, exhibiting definite phenomena of in- 
duction with electricity of tension, still remain 
to be acted upon by the induction of electricity 
in motion. 

3. Further: Whether Ampere’s beautiful 
theory were adopted, or any other, or whatever 
reservation were mentally made, still it ap- 
peared very extraordinary, that as every elec- 
tric current was accompanied by a correspond- 
ing intensity of magnetic action at right angles 
to the current, good conductors of electricity, 
when placed within the sphere of this action, 
should not have any current induced through 
them, or some sensible effect produced equiva- 
lent in force to such a current. 

4. These considerations, with their conse- 
quence, the hope of obtaining electricity from 
ordinary magnetism, have stimulated me at 
various times to investigate experimentally 
the inductive effect of electric currents. I latdy 
arrived at poritive results; and not only had 

hopes fulSUed) but obtained a key which 


appeared to me to open out a full explanation 
of Arago’s magnetic phenomena, and also to die* 
cover a new state, which may probably have 
great influence in some of the most important 
effects of electric currents. 

5. These results I purpose describing, not as 
they were obtained, but in such a manner as 
to give the most concise view of the whole. 

§ 1. On the Induction of Electric Currentt 

6. About twenty-six feet of copper wire cm 
twentieth of an inch in diameter were wound 
round a cylinder of wood as a helix, the differ- 
ent spires of which were prevented from touch- 
ing by a thin interposed twine. This helix was 
covered with calico, and then a second wire ap- 
plied in the same manner. In this way twelve 
helices were superposed, each containing an 
average length of wire of twenty-seven feet, 
and all in the same direction. The first, third, 
fifth, seventh, ninth, and eleventh of these hel- 
ices were connected at their extremities end to 
end, so as to form one helix; the others were 
connected in a similar manner; and thus two 
principal helices were produced, closdy inter- 
posed, having the same direction, not touching 
anywhere, and each containing one hundred 
and fifty-five feet in length of wire. 

7. One of these helices was connect with a 
galvanometer, the other with a vcdtaie battery 
of ten pairs of plates four inches squarsi with 
double coppers and well charged; yet not the 
slightest sensible deflection of th« galvanm- 
eter-needle could be observed. 

A similar compound helix, consisting of 
six lengths of copper and six of soft iron wire, 
was constructed. The resulting iron helix eon^ 
tamed two hundred and fourteen feet of wire^ 
the resulting copper bdix two bundieed and 
eight feet; but wl^ther the currwt bcm (he 
trough was passed through the or the 
iron helix, no ^ect upon the other could be 
perceived at tbe galvanom^* 

ft. In these and many rimilar axperimeute 
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BO difference in action of any land appeared 
between iron and other metids. 

10. Two hundred and three feet of copper 
wire in one length were coiled round a large 
block of wood; other two hundred and three 
feet of similar wire were interposed as a spiral 
between the turns of the first coil, and metallic 
contact everywhere prevented by twine. One 
of these helices was connected with a gaivan* 
ometer, and the other with a battery of one 
hundred pairs of plates four inches square, 
with double coppers, and well charged. When 
the contact was made, there was a sudden and 
v^ slight effect at the galvanometer, and 
tbeire was also a similar slight effect when the 
contact with the battery was broken. But 
whilst the voltaic current was continuing to 
pass throu^ the one helix, no galvanometrical 
appearances nor any ^ect like induction upon 
the other helix could be perceived, although the 
active power of the battery was proved to be 
great, by its heating the whole of its own helix, 
^d by the brilliancy of the discharge when 
through charcoal. 

,11. Repetition of the experiments with a 
battery of one hundred and twenty pairs of 
l^ates produced no other effects ; but it was as- 
ccHained, both at this and the former time, 
that the slight deflection of the needle occur- 
ring at the moment of completing the conne- 
xion, was always in one direction, and that the 
equally slight deflection produced when the 
contact was broken, was in the other direction; 
and also, that these effects occurred when the 
first helices were used (6, 8). 

12. The results which I had by this time ob- 
tained With magnets led me to believe that the 
battery current throu^ one wire, did, in real- 
ity, induce a similar current through the other 
wire, but that it continued for an instant only, 
and partook more of the nature of the elec- 
trical wave passed through from the shock of a 
common Leyden jar than of the current from a 
^taic batteiy, and therefore might magnetise 
a WteieS needle, although it scarcely affected the 
galvanometer. 

131 This expectation was confirmed; for on 
e(d>stitotinga sinjsdt hollow helix, formed round 
a#as6 tube, for the galvanometer, introducing 
alrtedl needlO, niiateog ocntact as before be- 
the and the inducing wire <7, 

then removing the needle Wore the 
contact was brokmi, it was found mag^ 

14. TViien the batteiyeontact was first made, 
Jlbto w ^ needle introduced into 


the small indicating helix (13), and lastly the 
battery contact broken, the needle was found 
magnetised to an equal degree apparently as 
before; but the poles were of the contrary Idnd. 

15. The same effects took place on using the 
large compound helices first described (6, 8). 

16. When the unmagnetised needle was put 
into the indicating helix, before ccmtact of the 
inducing wire with the ^ttery, and remained 
there until the contact was broken, it exhibited 
little or no magnetism; the first effect having 
been nearly neutralised by the second (13, 14). 
The force of the induced current upon making 
contact was (ound always to exceed that of the 
induced current at breaking of contact;! and if 
therefore the contact was made and moken 
many times in succession, whilst the needle re- 
mained in the indicating helix, it at last came 
out not unmagnetised, but a needle magne- 
tised as if the induced current upon making 
contact had acted alone on it. This effect m&y 
be due to the accumulation (as it is called) at 
the poles of the unconnected pile, rendering 
the current upon first making contact more 
powerful than what it is afterwards, at the mo- 
ment of breaking contact. 

17. If the circuit between the helix or wire 
under induction and the galvanometer or f in- 
dicating spiral was not rendered complete &e- 
fore the connexion between the battery and the 
inducing wire was completed or broken, then 
no effects were perceived at the galvanometer. 
Thus, if the battery communications were first 
made, and then the wire under induction con- 
nected with the indicating helix, no magnetis- 
ing power was there exhibited. But still retain- 
ing the latter communications, when those 
with the battery were broken, a magnet was 
formed in the heUx, but of the second kind (14), 
i.e., with poles indicating a current in the same 
direction to that belonging to the battery cuiv 
rent, or to that always induced by that current 
at its cessation. 

18. In the preceding experiments the wires 
were placed near to each other, and the ecm- 
tact of the inducing one with the battery made 
when the inductive effect was required; but as 
the particular action might be supposed to be 
exerted only at the moments of making and 
Ineaking contact, the induction was produced 
in another way. Several feet of copper wire 
were stretched in wide zigssag forms, represent- 
ing the letter W, on one surface of a broad 
board; a second wire was stretched in joeoisely 
similar forms on a second board, so that wlm 
brou^t nea^ the first, the wires dicnld 
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wb^re toachy except a ehe^ paper 
was interpo^/Ooe of ^ese wires was con- 
nected with the galvanometeTi and the other 
with a voltaic battery. The first wire was then 
moved towards the second, and as it ap- 
proached, the needle was deflected. Being then 
removed, the needle was deflected in the op- 
posite direction. By first making the wires ap- 
proach and then recede, simultaneously with 
the vibrations of the needle, the latter soon be- 
came very extensive; but when the wires 
ceased to move from or towards each other, 
the galvanometer-needle soon came to its usual 
position. 

19. As the wires approximated, the induced 
current was in the contrary direction to the in- 
ducing current. As the wires receded, the in- 
duced current was in the same direction as the 
inducing current. When the wires remained 
stationary, there was no induced current (54). 

20. When a small voltaic arrangement was 
introduced into the circuit between the gal- 
vanometer (10) and its helix or wire, so as to 
cause a permanent deflection of 30® or 40®, and 
then the battery of one hundred pairs of plates 
connected with the inducing wire, there was an 
instantaneous action as before (11); but the 
galvanometer-needle immediately resumed and 
retained its place unaltered, notwithstanding 
the continu^ contact of the inducing wire 
with the trough: such was the case in which- 
ever way the contacts were made (33). 

21. Hence it would appear that collateral 
currents, either in the same or in opposite di- 
rections, exert no permanent inducing power 
on each other, affecting their quantity or ten- 
sion. 

22. 1 could obtain no evidence by the tongue, 
by spark, or by heating fine wire or charcoal, 
of the electricity passing through the wire un- 
der induction; neither could I obtain any chem- 
ical effects, though the contacts with metallic 
and other solutions were made and broken al- 
ternately with those of the battery, so that the 
second effect of induction should not oppose or 
neutralise the first (13, 16), 

23. This deficiency of effect is not because 
the induced current of electricity cannot pass 
fluids, but probably because of its brief dura- 
tion and feeble intensity; for on introducing 
two large copper plates into the circuit on the 
induced side (20), the plates being immersed 
in brine, but prevented from touching each 
other by an interposed cloth,, the effect at the 
indicating galvanometer, or helix, occurred as 
before; induced diectrieity cOuld abo pass 


thremghn vplbdc bough (20). When, howev^, 
the quantity of interposed fluid was reduced to 
a drop, the galvanometer pve no indication* 

24. Attempts to obtain similar effects by the 
use of wires conveying ordinary electricity were 
doubtful in the results. A compound helix sim- 
ilar to that already described, containing ei^t 
elementary helices (6), was used. Four of the 
helices had their similar ends bound togeth^ 
by wire, and the two general terminations thus 
produced connected with the small magnet- 
ising helix containing an unmagnetised needle 
(13). The other four helices were similarly ar- 
ranged, but their ends connected with a L^den 
jar. On passing the discharge, the needle was 
found to be a magnet; but it appeared prob- 
able that a part of the electricity of the jar had 
passed off to the small helix, and so magnetised 
the needle. There was indeed no reason to esc- 
pect that the electricity of a jar possessing as 
it does great tension, would not diffuse itsdf 
through all the metallic matter interposed be- 
tween the coatings. 

25. Still it does not follow that the discharge 
of ordinary electricity through a wire does not 
produce analogous phenomena to those arising 
from voltaic electricity; but as it appears im- 
possible to separate the effects produced at the 
moment when the discharge begins to pass, 
from the equal and contrary effects produced 
when it ceases to pass (16), inasmuch as with 
ordinary electricity these periods are simulta- 
neous, so there can be scarcely any hope that 
in this fonn of the experiment they can be per- 
ceived. 

26. Hence it is evident that currents of vol- 
taic electricity present phenomena of induction 
somewhat analogous to those produced by elec- 
tricity of tension, although, as will be seen here- 
after, many differences exist between tiiem. 
The result is the production of other currents, 
(but which are only momentary), parallel, or 
tending to parallelism, with the inducing cur- 
rent. By reference to the poles of the needle 
formed in the indicating helix (13, 14) and to 
the deflections of the galvanometeiHie^le (11), 
it was found in all cases that the induced cur- 
rent, produced by the first action of the induc- 
ing current, was in the contrary direction to 
the latter, but that the current produced by 
the cMsation of the inducing current was in tiie 
same direction (19). For the purpose of avoid- 
ing periphrasis, I propose to call this action of 
the current from the voltaic battery, v^tor^ibe* 
trie indtictiofi: Tbe properties of ^ seeond 
wire, after induotion has devdoped tiie first 



PLATE I 



Fig.» 




268 





Nov. 1881 ELEC3TEICITY m 


current, and whilst the dectdcity from theha^ 
tery continues to flow throuf^ its inducing 
neighbour (10, 18), constitute a peculiar elec- 
tric condition, the consideration of which will 
be resumed hereafter (60). All these results 
have been obtained with a voltaic apparatus 
consisting of a single pair of plates. 

§ 2. On the Evolution of EkdricUy from Mag- 

ntiim 

27. A welded ring was made of soft round 
bar-iron, the metal being seven-eighths of an 
inch in thickness, and the ring six inches in ex- 
ternal diameter. Three helices were put round 
one part of this ring, each containing about 
twenty-four feet of copper wire one-twentieth 
of an inch thick; they were insulated from the 
iron and each other, and superposed in the man- 
ner before described (6), occupying about nine 
inches in length upon the ring. They could be 
used separately or conjointly; the group may 
be distinguished by the letter A (PL I, 1). 
On the other part of the ring about sixty feet 
of similar copper wire in two pieces were ap- 
plied in the same manner, forming a helix B, 
which had the same common direction with 
the helices of A, but being separated from it at 
each extremity by about half an inch of the 
uncovered iron. 

28. The helix B was connected by copper 
wires with a galvanometer three feet from the 
ring. The helices of A were connected end to 
end so as to form one common helix, the ex- 
tremities of which were connected with a bat- 
tery of ten pairs of plates four inches square. 
The galvanometer was immediately affected, 
and to a degree far beyond what has been de- 
scribed when with a battery of tenfold power 
helices without iron were used (10) ; but though 
the contact was continued, the effect was not 
permanent, for the needle soon came to rest in 
its natural position, as if quite indifferent to 
the attached electro-magnetic arrangement. 
Upon breaking the contact with the battery, 
the needle was again powerfully deflected, but 
in the contrary direction to that induced in the 
first instance. 

29. Upon arranging the apparatus so that B 
should out of use, the galvanometer be con- 
nected with one of the three wires of A (27), 
and the other two made into a h^x through 
which the current from the trough (28) was 
passed, sinular but rather more powerful ef- 
fects ww produced. 

the battery contact was made in 
one direction, the galvmiomekei>needie was de- 


flected on the one side; if made in the other 
direction, the deflection was on the other side. 
The deflection on breaking the battery contact 
was always the reverse of that produced by 
completing it. The deflection on making a bat- 
tery contact always indicated an induced cur- 
rent in the opposite direction to that from the 
battery; but on breaking the contact the de- 
flection indicated an induced current in the 
same direction as that of the battery. No mak- 
ing or breaking of the contact at B side, or in 
any part of the galvanometer circuit, pr^uced 
any effect at the galvanometer. No continu- 
ance of the battery current caused any deflec- 
tion of the galvanometer-needle. As the above 
results are common to all these experiments, 
and to similar ones with ordinary magnets to 
be hereafter detailed, they need not 1^ again 
particularly described. 

31. Upon using the power of one hundred 
pairs of plates (10) with this ring, the impulse 
at the galvanometer, when contact Was com- 
pleted or broken, was so great as to make the 
needle spin round rapidly four or five times, 
before the air and terrestrial magnetism could 
reduce its motion to mere oscillation. 

32. By using charcoal at the ends of the B 
helix, a minute epark could be perceived when 
the contact of the battery with A was com- 
pleted. This spark could not be due to any di- 
version of a part of the current of the battery 
through the iron to the helix B; for when the 
battery contact was continued, the galva- 
nometer still resumed its perfectly indifferent 
state (28) . The spark was rarely seen on break- 
ing contact. A small platina^ wire could not be 
ignited by this induced current; but there seems 
every reason to believe that the effect would be 
obtained by using a stronger original current 
or a more powerful arrangement of helices. 

33. A feeble voltaic current was sent ihrou^ 
the helix B and the galvanometer, so as to de- 
flect the needle of the latter 30^ or 40®, and 
then the battery of one hundred pairs of plates 
connected with A; but after the first effect was 
over, the galvanometer-needle resumed exactly 
the position due to the feeble current tran^nKr* 
ted by its own wire. This took place in whidfi- 
ever way the battery contacts w^ made^ and 
shows that here again (20) no permanent in- 
fluence of the currents upon each other, as tb 
their quantity aind tension, exists^ 

84. Another arrangement wae them emj^yed 
conneeting the, former experiments oh voltar 

^Platim: early form for used ofi^ in 

this work.*— Sn. 





ideolrifi < 6 -— 96 ) with thb preei^t. A 

iKmilnsiatiosi^i^ hdices like that already de* 
licribed (6) was eoiistructed upon a hollow cyl- 
mdar of pasteboard: there were eight lengths 
of oopp» wire, containing altogether 220 feet; 
four these helices were connected end to end, 
and them with the galvanometer (7) ; the other 
intarvening four were also cmmected end to 
end, and t^ battery of one hundred pairs dis- 
charged through them. In this form the effect 
oh the galvanometer was hardly sensible (11), 
though magnets could be made by the induced 
current . (13). But when a soft iron cylinder 
sevto^ighths of an inch thick, and twelve 
Ituhes long, was introduced into the pasteboard 
tube, surrounded by the helices, then the in- 
duced current affected the galvanometer pow- 
erfully and with all the phenomena just de- 
scribed (30). It possessed also the power of 
making magnets with more energy, apparently, 
than when no iron cylinder was present. 

35. When the iron cylinder was replaced by 
an equal cylinder of copper, no effect beyond 
riiat of the helices alone was produced. The 
iron cylinder arrangement was not so powerful 
as the ring arrangement already described (27) . 

36. Similar effects were then produced by 
ordinary nuignets: thus the hollow helix just de- 
scribed (34) had all its elementary helices con- 
nected with the galvanometer by two copper 
wires, each five feet in length; the soft iron cyl- 
inder was introduced into its axis; a couple of 
barmagnets, each twenty-four inch^ long, were 
arranged wi& their opposite poles at one end in 
cpntact, so as to resemble a horse-shoe magnet, 
and then contact made between the other poles 
and the ends of the iron cylinder, so as to con- 
vert it for the time into a magnet (PL I, Fig, 
9): by breaking the magnetic contacts, or re- 
versing them, ^ magnetism of the iron cylin- 
der could be destroyed or reversed at pleasure. 

37. Upon making magnetic contact, the nee- 
dle. was deflected; continuing the contact, the 
needle became indifferent, and resumed its first 
ppritkm; on breaking the contact, it was again 
dsfiected, but in the opposite direction to the 
f|^ aud then it again became indiffer- 

WlWi the magnetic contacts were reversed 
^ledeSecthms were reversed. 

, . S6. Whmt the magnetic contact was made, 
the d^eetion was such as to indicate an inr 
duced current el etectrieity in the opposite diir 
that fitted to form a magnet, having 
polarity as that really produced by 
contoct with the bar magnqts. Thus when the 
maiici^and unmarked jMes were placed as in 


PL I, 5, the iRinent ihthe helix was in the 

direc^on represented, P being supposed to be 
the end of the wire going to the pceitive pole of 
the battery, or that end towards which the 
zinc plates face, and N the negative wire. Such 
a current would have converted the cylinder 
into a magnet of the opposite kind to that 
formed by contact with the poles A and B; and 
such a current moves in the opposite direction 
to the currents which in M. Ampere’s beautiful 
theory are considered as constituting a magnet 
in the position figured.^ 

39. But as it might be supposed that in all 
the preceding experiments of this section, it 
was by senue peculiar effect taking placje during 
the formation of the magnet, and not by its 
mere virtual approximation, that the momen- 
tary induced current was excited, the following 
experiment was made. All the similar ends of 
the compound hollow helix (34) were mimd 
together by copper wire, forming two gWeral 
terminations, and these were connect^ with 
the galvanometer. The soft iron cylinder (34) 
was removed, and a cylindrical magnet, three- 
quarters of an inch in diameter and eight inches 
and a half in length, used instead. One end of 
this magnet was introduced into the axis of the 
helix (PL I, Fig. 4)f aud then, the galvano- 
meter-needle being stationary, the magnet was 
suddenly thrust in; immediately the needle was 
deflected in the same direction as if the magnet 
had been formed by either of the two preceding 
processes (34, 36). Being left in, the needle re- 
sumed its first position, and then the magnet 
bring withdrawn the needle was deflected in 
the opposite direction. These effects were not 
great; but by introducing and withdrawing the 
magnet, so that the impulse each time should 
be added to those previously communicated to 
the needle, the latter could be made to vibrate 
through an arc of 180® or more. 

’The rdative position of an electric current and 
a magnet is by most persons found very difficult to 
remember> and three or four helps to the memory have 
been devised by M. Ampere and others. I venture to 
suggest the foUowing as a very simple and effectufd 
assistance in these and similar latitudes. Xiet the ex- 
perimeter think he is looking down upon a dipi^g- 
n^dle, or upon the pole of the earth, and then let him 
think upon the direoUpn of the motion of the hands of 
a watch, or of a screw moving direct; currents in that 
direction round a needle would make it into sodt a 
magnet as the dipping needle, or would tbemeelves 
constitute an electro-magnet of Similar quriities; or 
if brought neiar a magnet would tend to make it take 
that dimetion ; or ifould themselves be moved kito that 
lotion by a magnei so placed; or in M. Ampto's 
tiieory ato oonsfdei^ed as moving in that direenoa in 
^eznagnet llmse two pc^ta. of tlih position of i&s 
mjppmg-needle and tiie motion of the wa^ 
bri^ rem^bered/any other xehition 
andmasnateaabeiatoeoadad«jped.6miilk r 
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40. la mvM not 

be yaesed entirely throtti^ the helix, lor ibm a 
geoond aetion occsm* Vnien ihe magnet is ia- 
trodueed, the needle at the galvanometer is de- 
flected ina certaindirection; but beingin, wheth- 
er it be pushed quite through or withdrawn, 
the needle is deflected in a direction the reverse 
of that previously produced. When the magnet 
is passed in and through at one continuous mo- 
tion, the needle moves one way, is then suddenly 
stopped, and finally moves the other way. 

41. If such a hoUow helix as that described 
(34) be laid east and west (or in any other con- 
stant position), and a magnet be retained east 
and west, its marked pole always being one 
way; then whichever end of the helix the 
magnet goes in at, and consequently whichever 
pole of the magnet enters first, still the needle 
is deflected the same way: on the other hand, 
whichever direction is followed in withdrawing 
the magnet, the deflection is constant, but con- 
trary to that due to its entrance. 

42. These effects are simple consequences of 
the law hereafter to be described (114). 

43. When the eight elementary helices were 
made one long helix, the effect was not so great 
as in the arrangement described. When only 
one of the eight helices was used, the effect was 
also much diminished. All care was taken to 
guard against any direct action of the inducing 
magnet upon the galvanometer, and it was 
found that by moving the magnet in the same 
direction, and to the same degree on the out- 
side of the helix, no effect on the needle was 
produced. 

44. The Royal Society are in possession of a 
large compound magnet formerly belonging to 
Dr. Gowin Knight, which, by permission of the 
President and Council, 1 was allowed to use in 
the prosecution of these experiments: it is at 
present in the charge of Mr. Christie, at his 
house at Woolwich, where, by Mr. Christie’s 
kindness, 1 was at liberty to work; and 1 have 
to acknowledge my obli^tions to him for his 
a^stance in ^ the experiments and observa- 
tbns made with it. This magnet is composed of 
about 450barimignet8, each fifteen inches loz^^, 
one inch wide, and half an inch thick, arrang^ 
in a box so as to prasi^t at one of its exht^eDoi- 
ties two external poles (PI. I, Fig. d). These 
poles projected horisontally six inches £rom the 
box, were twdve in^es high jsnd three 
indies wide. They mm nine molm aparti nnd 
whena i^ft iron cy&idmr, three-quarters of an 

h diameter and te^ve Jbng^ was 
put across fedta one to the ofheri it reqnked a 


iorce of nearly ene hmidred pounds to hiebk 
the contact Thb pde to the l^t in the figure is 
the marked pole.* 

45. The indicating galvanometer, in all ex« 
periments made with this magnet, was about 
eight feet from it, not directly in front of tibe 
poles, but about 16^ or 17^ on one side. It was 
found that on making or breaking the connex- 
ion of the poles by soft iron, the instrumdit 
was slightly affect^; but all error of obserVa;- 
tion arising from this cause was easily and care- 
fully avoided. 

46. The electrical effects exhibited by this 
magnet were very striking. When a soft iron 
cylinder thirteen inches long was put through 
the compound hollow helix, with its ends ar- 
ranged as two general terminations (39), these 
connected with the galvanometer, and the iron 
cylinder brought in contact with the two poles 
of the magnet (PL 1, Fig, 5), so powerful a rudi 
of electricity tc^k place that the needle whirled 
round many times in succession.* 

47. Notwithstanding this great power, if the 
contact was continued, the needle resumed its 
natural position, being entirely uninfluenced 
by the position of the helix (80). But on break- 
ing the ma^etic contact, the needle was whirled 
round in the opposite direction with a force 
equal to the former. 

48. A piece of copper plate wrapped once 
round the iron cylinder like a socket, but with 
interposed paper to prevent contact, had its 
edges connect^ with the wires of the galvano^ 
meter. When the iron was brou^t in contact 
with the poles the galvanometer was stron^y 
affected. 

49. Dismissing the hdices and sockets, ike 
galvanometer wire was passed over, and conse- 
quently only half round the iron cylmdei (PL 
I, Fig, 6); but even then a strong effect upon 
the needle was exhibited, when the magnetic 
contact was made or broken. 

50. As the bdlix with its iron cylinder inm 
brought towards the magnetic poles, but witfh 
out making contocf, still powerful effects were 
produced . When the helix, without the iron eyi- 

iTo avoid any confusion as to the poles of 
magaet, 1 shall dedgnate the pole pointang to w 
north as the inaikaa pole: I may oooasionaOy aheSfif 
of the north and south ends of the&eedle*^tdanet 
mean thereby north and south pc^es. That is » 
many oohsidered the true north jmb of a' nMie 
whicw poiM to thescmth;htttin tfaia eountry itil 
often emled the south toIo. 

< A soft iron bar in me form of a lifter to a horse- 
shoe magnet, whan aupplied with a coil of tliia hiad 
round the niiddle of it, becomes, by iuxtaposkiqa' 
with a magnet, a ready source of a hnef bat detee- 
mlnate Wnent oTelaotiieity. 
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Airier, ,aii4 oquseqimtiiy oootainmg no metal 
ibvA eoppar, waa approached to, or placed be- 
tween the poles (44), the needle was thrown 
8(f, 90% or more, from its natural position. The 
ipdiictive force was of course greater, the nearer 
t^ fadlix, either with or without its iron cylin- 
der, was brought to the poles; but otherwise 
the same effects were pr^uoed, whether the 
helix, &e. was or was not brought into contact 
with the magnet; i.e., no permanent effect on 
the galvanometer was produced; and the effects 
of approximation and removal were the re- 
verse of each other (30). 

61. When a bolt of copper corresponding to 
the iron cylinder was intn^uced, no greater ef- 
fect was produced by the helix than without it. 
But when a thick iron wire was substituted, 
the magneto-electric induction was rendered 
sensibly greater. 

. 62. The direction of the electric current pro- 
duced in all these experiments with the helix, 
was the same as that already described (38) as 
obtained with the weaker bar magnets. 

63. A spiral containing fourteen feet of cop- 
per wire, being connected with the galvano- 
meter, and approximated directly towards the 
marked pole in the line of its axis, affected the 
instrument strongly; the current induced in it 
was in the reverse direction to the current 
theoretically considered by M. Ampere as ex- 
isting in the magnet (38), or as the current in 
an electro-magnet of similar polarity. As the 
spiral was withdrawn, the induced current was 
reversed. 

64. A similar spiral had the current of eighty 
pairs of 4-inch plates sent through it so as to 
form an electro-magnet, and then the other 
spiral connected with the galvanometer (53) 
approximated to it; the ne^le vibrated, indi- 
cating a current in the galvanometer spiral the 
reverse of that in the battery spiral (18, 26). 
On withdrawing the latter spiral, the needle 
passed in the opposite direction. 

66. Single wires, approximated in certain di- 
reeUons towards the magnetic pole, had cur- 
i^ts induced in them. On their removal, the 
currents were inverted. In such experiments 
the wires shbuld not be removed in directions 
different to those in which they were approxi- 
mate; for th^ occasionally complicate and 
irregular effects are produced, the causes of 
which will be very evident in the fourth part 
tiiis paper. 

i.' 56. All attonpts to obtain chemical effects 
^ 4he induced current of dectricity failed, 
the piecautioiis before described (22), 


and all oftem that could be thought of, ^ 
employed. Neither ww eny sensation on the 
tongue, or any convulsive effect upon the limbs 
of a frog, produced. Nor could charcoal or fine 
wire be ignited (133). But upon repeating the 
experiments more at leisure at the Boyal In- 
stitution, with an armed loadstone belonging 
to Professor Daniell and capable of lifting atout 
thirty pounds, a frog was very powerfidly con- 
vulsed each time magnetic contact was made. 
At first the convulsions could not be obtained 
on breaking magnetic contact; but conceiving 
the deficiency of effect was because of the com- 
parative slowness of separation, the latter act 
was effected by a blow, and then the| frog was 
convulsed strongly. The more instantaneous 
the union or disunion is effected, the more pow- 
erful the convulsion. I thought also I cOuld per- 
ceive the sensation upon the tongue and the 
flash before the eyes; but I could obWn no 
evidence of chemical decomposition. 

57. The various experiments of this section 
prove, I think, most completely the produc- 
tion of electricity from ordinary magnetism. 
That its intensity should be very feeble and 
quantity small, cannot be considered wonder^ 
ful, when it is remembered that like thermo- 
electricity it is evolved entirely within the sub- 
stance of metals retaining all their conducting 
power. But an agent which is conducted along 
metallic wires in the manner described; which 
whilst so passing possesses the peculiar mag- 
netic actions and force of a current of electric- 
ity; which can agitate and convulse the limbs 
of a frog; and which, finally, can produce a 
spark^ by its discharge throu^ charcoal (32), 
can only be electricity. As all the effects can be 
produced by ferruginous electro-magnets (34), 
there is no doubt that arrangements like the 
magnets of Professors Moll, Henry, Ten Eyke, 
and others, in which as many as two thousand 
pounds have been lifted, may be used for these 
experiments; in which case not only a brighter 
spark may be obtained, but wires also ignited, 
and, as the current can pass liquids (23), chem- 
ical action be produced. These effects are stfil 
more likely to be obtained when the magneto- 
electric arrangements to be explained in the 
fourth section are excited by the powers of 
such apparatus. 

1 For a mode of obtaining the qnu'k from the com- 
mon magnet which I have found effectual, see the 
Philoaatmoal MaOtudns for June, 1832, p. 5. In the 
same journal for November, 1834, Vol. V, p. 349, wUl 
be found a method of obtaining the magneto-electric 
epark, still siihnler in its prind^e, the use of soft irba 
being dispensed with altogetfaerr— I>s 0 k 1888. 
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SS* The simihirity of action, ahnoet amoimt* 
ing to identity, bettveen common magnets and 
either electro-magnets or volta-electric cur- 
rents, is strikingly in accordance with and con- 
firmatory of M. Ampere’s theory, and furnishes 
powerful reasons for believing that the action 
is the same in both cases ; but, as a distinction in 
language is still necessary, I propose to call the 
agency thus exerted by ordinary magnets, mag- 
ryeUhelectric or magnekctnc induction (26). 

59. The only difference which powerfully 
strikes the attention as existing between volta- 
electric and magneto-electric induction, is the 
suddenness of the former, and the sensible time 
required by the latter; but even in this early 
state of investigation there are circumstances 
which seem to indicate that upon further in- 
quiry this difference will, as a philosophical 
distinction, disappear (68).^ 

§ 3. New Electrical State or Condition 
of Matter^ 

60. Whilst the wire is subject to either volta- 
electric or magneto-electric induction, it ap- 
pears to be in a peculiar state; for it resists the 
formation of an electrical current in it, where- 
as, if in its common condition, such a current 
would be produced; and when left uninfluenced 
it has the power of originating a current, a pow- 
er which the wire does not possess under com- 
mon circumstances. This electrical condition 
of matter has not hitherto been recognised, but 
it probably exerts a very important influence 
in many if not most of the phenomena pro- 
duced by currents of electricity. For reasons 
which will immediately appear (71), I have, 
after advising with several learned friends, 
ventured to designate it as the electro-tonic 
state. 

61. This peculiar condition shows no known 
electrical effects whilst it continues; nor have I 
yet been able to discover any peculiar powers 
exerted, or- properties possessed, by matter 
whilst retained in this state. 

62. It shows no reaction by attractive or re- 
pulsive powers. The various experiments which 

i For important additional phenomena and devel- 
opments of the induction of electrical currents, see 
now the ninth series, 1048-1118. — Dee, 1838. 

, * This section having been read at the Royal So- 
ciety and reported upon, and havinc^lso, in conse- 
quence of a letter from myself to M. Hachette, been 
noticed at the French Institute, I feel bound to let it 
stand as part of the paper; but later investigations 
(intimated 73, 76, 77) of the laws governing these 
phenomena, induoe me to think that the latter can 
be Inlly. ezDlained without, admitti^ the electro- 
tonic state, wty views on this point will appear in the 
csooad seiieB of these re8earohes.-^M. F. 


havh bet^ made wHb iKiwerM 
midi metals, as copper, mlver, and genera% 
those substances not magnetic, prove thb 
point; for the substances experimented upon, if 
electrical conductors, must have acquired this 
state; and yet no evidence of attractive or re- 
pulsive powers has been observed. I have placed 
copper and silver discs, very delicately sus- 
pended on torsion balances in vacuo near to the 
poles of very powerful magnets, yet have not 
been able to observe the least attractive or re- 
pulsive force. 

63. 1 have also arranged a fine slip of gold- 
leaf very near to a bar of copper, the two being 
in metallic contact by mercury at their extrem- 
ities. These have been placed in vacuo, so that 
metal rods connected with the extremities of 
the arrangement should pass through the sides 
of the vessel into the air. I have then moved 
powerful magnetic poles, about this arrange- 
ment, in various directions, the metallic circuit 
on the outside being sometimes completed by 
wires, and sometimes broken. But I never could 
obtain any sensible motion of the gold-leaf, 
either directed to the magnet or towards the 
collateral bar of copper, which must have been, 
as far as induction was concerned, in a similar 
state to itself. 

64. In some cases it has been supposed that, 
under such circumstances, attractive and re- 
pulsive forces have been exhibited, i.e., that 
such bodies have become slightly magnetic. 
But the phenomena now described, in conjunc- 
tion with the confidence we may reasonably ro- 
pose in M. Ampere's theory of magnetism, tend 
to throw doubt on such cases; for if magnetism 
depend upon the attraction of electrical cur- 
rents, and if the powerful currents at first ex- 
cited, both by volta-electric and magneto-deo- 
tric induction, instantly and naturally cease 
(12, 28, 47), causing at the same time an entire 
cessation of magnetic effects at the galvanom- 
eter needle, then there can be little or no ex- 
pectation that any substances not partaking of 
the peculiar relation in which iron, nickel, and 
one or two other bodies, stand, should exhibit 
magneto-attractive powers. It seems far more 
probable, that the extremely feeble permanent 
effects observed have been due to traces of 
iron, or perhaps some other unrecognised cause 
not magnetic. 

65. Thie peculiar condition exerts no retard* 
mg or accelerating power upon electrioal 
rents pasiring through metal thus ciremnstanoed 
(20, 33). Ndther could any such power upoii 
the hxduemg cunent itsetf be delectod; to 
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ildioeB, mre 
«rnuiiei in postible w&^ by the aide dl & 
vi^ or beMx, carrying a current measured by 
(he galimv)met^ (20), not the slightest per- 
inaiient change in (he indication of the instru- 
ment could be perceived. Metal in the sup* 
pos^ peculiar state, therefore, conducts elec-^ 
tiidity in all directions with its ordinary facil- 
%, or, in other words, its conducting power is 
not s^sibly altered by it. 

66^ All metals take on the peculiar state. 
This is proved in the preceding experiments 
with copper and iron (9), and with gold, silver, 
(in, lead, zinc, antimony, bismuth, mercury, 
dtc., by experiments to ^ described in the 
fourth p^rt (132), admitting of easy applica* 
tiom With regard to iron, the experiments 
prove the thorou^ and remarkable independ- 
ence of these phenomena of induction, and the 
ordinary magnetical appearances of that metal. 

67. Tlus state is alto^ther the effect of the 
induction exerted, and ceases as soon as the in- 
ductive force is removed. It is the same state, 
whether produced by the collateral passage of 
vottaic currents (26), or the formation of a 
magnet (34, 36), or the mere approximation of 
a magpnet (39, M) ; and is a strong proof in ad- 
dition to those advanced by M. Ampdre, of the 
identity of the agents concerned in these sev- 
erel operations. It probably occurs, momen- 
tarily, during the passage of the common elec- 
tric spark (24), and may perhaps be obtained 
hereafter in bad conductors by weak electrical 
currents or other means (74, 76). 

; 68. Thestateappears to beinstantly assumed 
(12), requiring hardly a sensible portion of 
time for that purpose. The difference of time 
between volta-electric and magneto-electric in- 
duction, rend^ed evident by the galvanom- 
eter (59), may probably be thus explained. 
When a voltaic current is sent through one of 
tv^^paraUri wires, as those of the hollow helix 
(34)f a euira^t is produced in the other wire, as 
brief in its continuance as the time required for 
a adim of this kind, and which, by ex- 
pi^imeiit, is found to be inappreciably snmll. 
The action will seem still more instantaneous, 
because, as there is an accumulation of power 
in (he poles of the battery before contact, the 
first rush of riectiii^y in the wire of commu^ 
cation is greats than (hat sustained after the 
is completed; tiie^wire of induction be- 
idcnm at the moment ciectjro-tonic to an equiv* 

; which the moment after sinlm to 

v|Nai||vte in which the eontinucHis current can 
but in sinidng, 


dttoed cuirent totMatfimtfuoduo^^ 
sequence is that the Sist induced waveof elec- 
tricity more resembles that from the discharge 
of an electric jar than it otherwise would do. 

69. But when the iron cylinder is put into the 
same helix (34), previous to the connexion be- 
ing made with the battery, then the current 
from the latter may be considered as active in 
inducing innumerable currents of a similar kind 
to itself in the iron, rendering it a magnet. This 
is known by experiment to occupy time; for a 
magnet so formed, even of soft iron, does not 
rise to its fullest intensity in an instant, and it 
may be because the currents within the iron 
are successive in their formation or (arrange- 
ment. But as the magnet can induce, 4s well as 
the battery current, the combined action of 
the two continues to evolve induced electricity, 
until their joint effect is at a maximum, and 
thus the existence of the deflecting forcAis pro- 
longed sufficiently to overcome the inertia of 
the galvanometer needle. 

70. In all those cases where the helices or 
wires are advanced towards or taken from the 
magnet (50, 55), the direct or inverted current 
of induced electricity continues for the time 
occupied in the advance or recession; for the 
electro-tonic state is rising to a higher or filing 
to a lower degree during that time, and the 
change is accompanied by its corresponding 
evolution of electricity; but these form no ob- 
jections to the opinion that the electro-tonic 
state is instantly assumed. 

71. This peculiar state appears to be a state 
of tension, and may be considered as equivalent 
to a current of electricity, at least equal to 
that produced either when the condition is in- 
duced or destroyed. The current evolved, how- 
ever, first or last, is not to be considered a 
measure of the degree of tension to which the 
electro-tonic state has risen; for as the metal 
retains its conducting poweiu unimpaired (65), 
and as the electricity evolved is but for a mo- 
ment, (the peculiar state being instantly as- 
sumed and lost [681 )f the electricity which may 
be led away by long wire conductors, offering 
obstruction in their substance proportionate to 
their small lateral and extensive linear dimen- 
sions, can be but a very small portion of that 
mlly evolved within the mass at the monient 
it assumes this condition. Insulated helloes and 
portions of metal instantiy assumed the state; 
and no traces of dectrieity could be dulcov- 
ered in them, however quickly the con^t 
with the electrometer was mad^ after they 
w^ put under induetiem, either by the minmt 
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from tbe battel^ 

of water or a eMail piece of moietwed paper 
(23| 50) was obstacle sofficient to stop tbe cor* 
rent thrOu^^ the oonductbrsi the dectrioity 
evolved returning to a state of equilibrium 
throu^ the metal itself, and consequently in 
an unobserved manner. 

72. The tension of this state may therefore 
be comparati vdy very great. But whether great 
or small, it is hardly conceivable that it should 
exist without exerting a reaction upon the orig- 
inal inducing current, and producing equilil^ 
rium of some kind. It mi^t be anticipated 
that this would give rise to a retardation of the 
original current; but I have not been able to 
ascertain that tUs is the case. Neither have I 
in any other way as yet been able to distinguish 
effects attributable to such a reaction. 

73. All the results favour the notion that the 
electro-tonic state relates to the particles, and 
not to the mass, of the wire or substance under 
induction, being in that respect different to the 
induction exerM by electricity of tension. If 
so the state may be assumed in liquids when 
no electrical current is sensible, and even in 
non-conductors; the current itsdf, when it oc- 
curs, being as it were a contingency due to the 
existence of conducting power, and the mo- 
mentary propulsive force exeiW by the par- 
ticles during their arrangement. Even when 
conducting power is equal, the currents of elec- 
tricity, which as yet are the only indicators of 
this stote, may be unequal, because of differ- 
ences as to numbers, size, electrical condition, 
Ac., &c., in the particles themselves. It will 
only be after the laws which govern this new 
state are ascertained, that we shall be able to 
predict what is the true condition of, and what 
are the electrical results obtainable from, any 
particular substance. 

74. The current of electricity which induces 
the electro-tonic state in a neighbouring we, 
probably induces that state also in its own 
wire; for when by a current in one wire a col- 
lateral wire is n^e electro^onic, the latter 
state is not rendered any way incompatible Or 
interfering with a current of electricity passing 
through it (02). If, therefore, the current were 
sent throu^ the second wire instead of the 
first, it does not seem probable that its induc- 
ing action upon the second’ would be less, but 
on the contrary more, because the distance be- 
tween the agent and the matter acted upon 
would be very gmtly diminished. A coppw 
had its extremities connected with a galvanom- 
eter, and then the fx^es of a batteqrof one, hun- 


dred paw of jdateseonn the bolt, so 

as to iiend the current tfarOt^ it; the voltaic 
drcoit was then suddenly broken, and the gal- 
vanometer observed lor my indications of a 
return current through the copper bolt due to 
the discharge of its supposed electro-tonic states 
No effect of the kind was obtained, nor indeed, 
for two reasons, ought it to be expected; for 
first, as the cessation of induction and the 
discharge of the electro-tonic condition are 
simultaneous, and not successive, the return 
current would only be equivalent to the neu- 
tralization of the last portion of the inducing 
current, and would not therefore show any 
alteration of direction; or assuming that time 
did intervene, and that the latter current was 
really distinct from the former, its short, sud- 
den character (12, 26) would prevent it from 
being thus recognised. 

75. No difficulty arises, I think, in consider- 
ing the wire thus render^ electro-tonic by its 
own current more than by any external cur- 
rent, especially when the apparent non-inter- 
ference of that state with currents is consid- 
ered (62, 71). The simultaneous existence of 
the conducting and electro-tonic states finds 
an analogy in the manner in which electrical 
currents can be passed through magnets, where 
it is found that both the currents passed, and 
those of the magnets, preserve all their prop- 
erties distinct from each other, and exert their 
mutual actions. 

76. The reason given with regard to metals 

extends also to fluids and all other conductors, 
and leads to the conclusion that when electric 
currents are passed through them th^ also 
assume the dectro-tonic state. Should that 
prove to be the case, its influence in voltaic de- 
composition, and the transference of the elb- 
ments to the poles, can hardly be doubted. In 
the electro-tonic state the homogenoeus partis 
cles of matter appear to have assumed a regu- 
lar but forced electrical arrangement in the di- 
rection of the current, which if the matte:ir be 
undecomposable, produces, when relieved, a 
return current; but in decomposable matter 
this forced state may be sufficient to make m 
elementary particle leave its companion, wi A 
which it is in a constrained condition, ASh 
sociate with the nei^bouring similar partiols, 
in relation to which it is in a more natural ocw- 
dition, tbeioroed electrical arrangement bring 
itsrif discharged or relieved, at tbe same tlme^ 
as effectually as if it had been freed fitsn induc- 
tion. But as the ori^iiml voltric con- 

tinued, theeiectro-tomcstetei^y^ 
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rmewei, {xrodueitig the forced arrangement of the latter turned at the moment to take a po» 


the compound particles, to be as instantly dis- 
charged by a transference of the elementary 
particles of the opposite kind in oi^x)site direc- 
tions, but parallel to the current. Even the dif- 
ferences between common and voltaic electric- 
ity, when applied to effect chemical decompo- 
sition, which Dr. Wollaston has pointed out,^ 
se^explicablebythecircumstances connected 
with the induction of electricity from these 
two sources (25). But as 1 have reserved this 
branch of the inquiry, that I might follow out 
the investigations contained in the present pa- 
per, I refrain (though much tempted) from of- 
fering further speculations. 

77. Marianini has discovered and described 
a peculiar affection of the surfaces of metallic 
discs, when, being in contact with humid con- 
ductors,acurrentofelectricityis passed through 
them; they are then capable of producing a re- 
verse current of electricity, and Marianini has 
well applied the effect in explanation of the 
phenomena of Ritter's piles.^ M. A. de la Rive 
has described a peculiar property acquired by 
metallic conductors, when being immersed in a 
liquid as poles, they have completed, for some 
time, the voltaic circuit, in consequence of 
which, when separated from the battery and 
plunged into the same fluid, they by themselves 
produce an electric current.® M. A. Van Beek 
has detailed cases in which the electrical rela- 
tion of one metal in contact with another has 
been preserved after separation, and accom- 
panied by its corresponding chemical effects.* 
These states and results appear to differ from 
the electro-tonic state and its phenomena; but 
the true relation of the former to the latter can 
only be decided when our knowledge of all 
these phenomena has been enlarged. 

78. 1 had occasion in the commencement of 
l^is paper (2) to refer to an experiment by Am- 
pere, as one of those dependent upon the elec- 
trical induction of currents made prior to the 
present investigation, and have arrived at con- 
clusions which seem to imply doubts of the ac- 
curacy of the experiment (62, &c.) ; it is there- 
due to M. .^p^e that I should attend to 
it more distinctly. When a disc of copper (says 
M. Amp^) was suspended by a silk thread 
and surrounded by a helix or spiral, and when 
the charge of a powerful voltaic battery was 
sent through spiral ^ strong magnet at the 
same time being presented to the copper disc, 

' i pkHoiopkieal Tralnaaetions, 1801, p. 247. 

CAtm^XXXVlII. 5. 
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sition of equilibrium, exactly as the spiral it- 
self would havetumedhad it been free to move. 
I have not been able to obtain this effect, nor 
indeed any motion; but the cause of my failure 
in the latter point may be due to the momen- 
tary existence of the current not allowing time 
for the inertia of the plate to be overcome (11 , 
12). M. Amp5re has perhaps succeeded in ob- 
taining motion from the superior delicacy and 
power of his electro-magnetical apparatus, or 
he may have obtained only the motion due to 
cessation of action. But all my results tend to 
invert the sense of the proposition stated by 
M. Amp^rp, “that a current of electricity tends 
to put the electricity of conductors near which 
it passes in motion in the same direclion," for 
they indicate an opposite direction fortthe pro- 
duced current (26, 63) ; and they show that the 
effect is momentary, and that it is also pro- 
duced by magnetic induction, and that certain 
other extraordinary effects follow thereupon. 

79. The momentary existence of the phe- 
nomena of induction now described is sufficient 
to furnish abundant reasons for the uncertain- 
ty or failure of the experiments, hitherto made 
to obtain electricity from magnets, or to effect 
chemical decomposition or arrangement by 
their means.® 

80. It also appears capable of explaining fully 
the remarkable phenomena observed by M. 
Arago between metals and magnets when nei- 
ther are moving (120), as well as most of the 
results obtained by Sir John Herschel, Messrs. 
Babbage, Harris, and others, in repeating his 
experiments; accounting at the same time per- 
fectly for what at first appeared inexplicable; 
namely, the non-action of the same metals and 
magnets when at rest. These results, which also 

* The LyciCf No. 36, for January let, has a long 
and rather premature article, in which it endeavours 
to show anticipations by French philosophers of my 
researches. It however mistakes the erroneous re- 
sults of MM. Fresnel and Amp5re for true ones, and 
then imagines my true results are like those errone- 
ous ones. 1 notice it here, however, for the purpose of 
doing honour to Fresnel in a much higher degree 
than would have been merited by a feeble anticipa- 
tion of the present investigations. That great philos- 
opher, at the same time with myself and fifty other 
persons, made experiments which the present paper 
proves could give no expected result. He was de- 
ceived for the moment, and published his imaginary 
success; but on more carefully repeating his trials, 
he could find no proof of their accuracy; and, in the 
high and pure philosophic desire to remove error as 
well as discover truth, he recanted his first state- 
ment. The example of Berzelius regarding the first 
Thorina is another instanoe of this fine feeling; and 
as occasions are not rare, it would be to the dignity 
of science if such exampl'eSr were mor^ frequently 
foUowed.— FelHUiry 10m, 1882. 
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afford the readiest means of obtaining elec- 
tricity from magnetism, I shall now proceed to 
describe. 

§ 4. Explicatim of Aragons Magnetic 
Phenomena 

81. If a plate of copper be revolved close to a 
magnetic needle, or magnet, suspended in such 
a way that the latter may rotate in a plane 
parallel to that of the former, the magnet tends 
to follow the motion of the plate; or if the mag- 
net be revolved, the plate tends to follow its 
motion ; and the effect is so powerful, that mag- 
nets or plates of many pounds weight may be 
thus carried round. If the magnet and plate be 
at rest relative to each other, not the slightest 
effect, attractive or repulsive, or of any kind, 
can be observed between them (62). This is the 
phenomenon discovered by M. Arago; and he 
states that the effect takes place not only with 
all metals, but with solids, liquids, and even 
gases, i.e., with all substances (130). 

82. Mr. Babbage and Sir John Herschel, on 
conjointly repeating the experiments in this 
country,^ could obtain the effects only with the 
metals, and with carbon in a peculiar state 
(from gas retorts), i.e., only with excellent con- 
ductors of electricity. They refer the effect to 
magnetism induced in the plate by the mag- 
net; the pole of the latter causing an opposite 
pole in the nearest part of the plate, and round 
this a more diffuse polarity of its own kind 
(120). The essential circumstance in producing 
the rotation of the suspended magnet is, that 
the substance revolving below it shall acquire 
and lose its magnetism in sensible time, and 
not instantly (124). This theory refers the ef- 
fect to an attractive force, and is not agreed to 
by the discoverer, M. Arago, nor by M. Am- 
pere, who quote against it the absence of ail 
attraction when the magnet and metal are at 
rest (62, 126), although the induced magnetism 
should still remain; and who, from experiments 
made with a long dipping-needle, conceive the 
action to be always repulsive (125). 

83. Upon obtaining electricity from magnets 
by the means already described (36, 46), I 
hoped to make the experiment of M. Arago a 
new source of electricity; and did not despair, 
by reference to terrestrial magneto-electric in- 
duction, of being able to construct a new elec- 
trical machine. Thus stimulated, numerous ex- 
periments were made with the magnet of the 
Royal Society at Mr. Christie's house, in all of 
which I had the advantage of bis assistance. As 

> Ph&oeophiooil STranMcttOfM, 1825, P« 467. 


many of these were in the course of the investi- 
gation Bupe^eded by more perfect arrange- 
ments, I i^all consider myself at liberty to re- 
arrange them in a manner calculated to convey 
most readily what appears to me to be a cor- 
rect view of the nature of the phenomena. 

84. The magnet has been already described 
(44). To concentrate the poles, and bring them 
nearer to each other, two iron or steel bars, 
each about six or seven inches long, one inch 
wide, and half an inch thick, were put across 
the poles as in PI. I, Fig. 7, and being support- 
ed by twine from slipping, could be placed as 
near to or far from each other as was required. 
Occasionally two bars of soft iron were em- 
ployed, so bent that when applied, one to each 
pole, the two smaller resulting poles were ver- 
tically over each other, either being uppermost 
at pleasure. 

85. A disc of copper, twelve inches in diam- 
eter, and about one-fifth of an inch in thickness, 
fixed upon a brass axis, was mounted in frames 
so as to allow of revolution either vertically or 
horizontally, its edge being at the same time 
introduced more or less between the magnetic 
poles PI. I, {Fig. 7). The edge of the plate was 
well-amalgamated for the purpose of obtaining 
a good but moveable contact, and a part round 
the axis was also prepared in a similar manner. 

86. Conductors or electric collectors of cop- 
per and lead were constructed so as to come in 
contact with the edge of the copper disc (85), 
or with other forms of plates hereafter to be 
described (101). These conductors were about 
four inches long, one-third of an inch wide, and 
one-fifth of an inch thick; one end of each was 
slightly grooved, to allow of more exact adap- 
tation to the somewhat convex edge of the 
plates, and then amalgamated. Copper wires, 
one-sixteenth of an inch in thickness, attached, 
in the ordinary manner, by convolutions to the 
other ends of these conductors, passed away to 
the galvanometer. 

87. The galvanometer was roughly made, yet 
sufficiently delicate in its indications. The wire 
was of copper covered with silk, and made six- 
teen or eighteen convolutions. Two sewing- 
needles were magnetized and fixed on to a stem 
of dried grass parallel to each other, but in op- 
posite directions, and about half an inch apart; 
this system was suspended by a fibre of unspun 
silk, so that the lower needle should be between 
the convolutions of the multiplier, and the up- 
per above them. The latter was by much the 
most poweijFul magnet, and gave terrestrial di- 
rection to the whole; PI. 1, Fig* 8* represents 








the dir^on of the ime and of ^the needles 
when the i^tument was placed m the m&g^ 
netic ilneridiaii : tbeendsof the wiresazemark^ 
A and B for convenient reference hereafter. 
The letters S and N designate the south and 
north ends of the needle when affected merely 
by terrestrial magnetism; the end N is there- 
fore the marked pole (44). The whole instru- 
ment was protect^ by a glass jar, and stoodi 
as to position and distance relative to the large 
magnet, under the same circumstances as be- 
fore (45). 

88. All these arrangements being made, the 
copper disc was adjusted as in PL I, Fig. 7, the 
small magnetic poles being about half an inch 
apart, and the edge of the plate inserted about 
half their width between them. One of the gal- 
vanometer wires was passed twice or thrice 
loosely round the brass axis of the plate, and 
the otiier attached to a conductor (86), which 
itsdf was retained by the hand in contact with 
the amalgamated edge of the disc at the part 
immediately between the magnetic poles. Un- 
der these circumstances ail was quiescent, and 
the galvanometer exhibited no effect. But the 
instant the plate moved, the galvanometer was 
influenced, and by revolving the plate quickly 
the needle could be deflected 90® or more. 

89. It was difficult under the circumstances 
to make the contact between the conductor 
and the edge of the revolving disc uniformly 
good and extensive; it was also difficult in the 
first experiments to obtain a regular velocity 
of rotation: both these causes tended to retain 
the needle in a continual state of vibration ; but 
no difficulty existed in ascertaining to which 
side it was deflected, or generally, about what 
line it vibrated. Afterwards, when the experi- 
ments were made more carefully, a permanent 
deflection of the needle of nearly 45® could be 
sustained. 

90. Here therefore was demonstrated the 
production of a permanent current of electri- 
city by ordinary magnets (67). 

91. When the motion of tlm disc was reversed, 
every other circumstance remaining the same, 
the galvanometer needle was deflected with 
equal power as before; but the deflection was 
on the opposite side, and the current of elec- 
tricity evolved, thea^ore, the reverse of the 
former. 

92. When the conductor was placed on the 
edge of the disc a Uttle to the rifi^t or left, as in 
the dotted positions PI. I, Fig. P, the current of 
electricity was still evolved, and in the same 
diiect^ eewt first (88, 91)«.This occurred to a 


oonsidemble or on each 

ride of the: place of the magnribic poles. The 
current gathered by the conductor and con^ 
veyed to the galvanometer was of the same 
kind on both sides of the place of greatest in- 
tensity, but gradually diminished in force from 
that place. It appear^ to be equally powerful 
at ^ual distances from the place of tlm mag^ 
netic poles, not being affect^ in that respect 
by the direction of the rotation. When the ro- 
tation of the disc was reversed, the direction d 
the current of electricity was reversed idso; but 
the other circumstances were not affected. 

93. On raising the plate, so that the magnetic 
poles were entirely l^dden from each other by 
its intervention, (a, PL I, Fig. 10), the same 
effects were produced in the same order, and 
with equal intensity as before. On raising it still 
higher, so as to bring the place of the ^es to 
c, still the effects were produced, and apparently 
with as much power as at first. 

94. When the conductor was held against the 
edge as if fixed to it, and with it moved be- 
tween the poles, even though but for a few de- 
grees, the galvanometer needle moved and in- 
fficated a current of electricity, the same as 
that which would have been produced if the 
wheel had revolved in the same direction, the 
conductor remaining stationary. 

95. When the galvanometer connexion with 
the axis was broken, and its wires made f^t to 
two conductors, hoiti applied to the edge of the 
copper disc, then currents of electricity were 
produced, presentingmorecomplicatedappear* 
ances, but in perfect harmony with the above 
results. Thus, if applied as in PL 1, Fig. 11, a 
current of electricity through the galvanom- 
eter was produced ; but if their place was a little 
shifted, as in PL I, Fig. 12, a current in the 
contrary direction resulted ; the fact being, that 
in the first instance the galvanometer indi- 
cated the difference between a strong current 
through A and a weak one through B, and in 
the second, of a weak current through A and a 
strong one through B (92), and theiefore pro- 
duced opposite d^bctions. 

96. So also when the two conductors weee 
equidistant from the magneric poles, as iii H. 
n. Fig. 1, no current at the galvanometer 
perceived, whichever way the disp was rotated, 
beyond what was momentarily produced by Ir- 
regularity of contact; because eqml mawlm 
in the same direcrion tended to pass into both; 
But when the two conductors were ccmsc^ 
with mm wire, aiid the a»8 with the 

(PI. II, Fig. i) &en the gidvaimmeter riiowed 
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a current aecording with the direction of irota^ 
tion (91) ^both conductors now acting cons^- 
taneouslyi and as a single conductor did be- 
fore (88). 

' 97. All these effects could be obtained when 
only one of the poles of the magnet was brought 
near to the plate; they were of the same kind 
as to direction, Ac., but by no means so pow- 
erful. 

98. All care was taken to render these results 
independent of the earth’s magnetism, or of 
the mutual magnetism of the magnet and gal- 
vanometer needles. The contacts were made in 
the magnetic equator of the plate, and at other 
parts; the plate was placed horizontally, and 
the poles vertically; and other precautions 
were taken. Rut the absence of any interfer- 
ence of the kind referred to, was readily shown 
by the want of all effect when the disc was re- 
moved from the poles, or the poles from the 
disc; every other circumstance remaining the 
same. 

99. The relation of the current of electricity 
produced, to the magnetic pole, to the direc- 
tion of rotation of the plate, Ac., &c., may be 
expressed by saying, that when the unmarked 
pole (44, 84) is beneath the edge of the {ilate, 
and the latter revolves horizontally, screw- 
fashion, the electricity which can be collected 
at the edge of the plate nearest to the pole is 
positive. As the pole of the earth may mentally 
be considered the unmarked pole, this relation 
of the rotation, the pole, and the electricity 
evolved, is not difficult to remember. Or if, in 
PI. II, Fig, 3, the circle represent the copper 
disc revolving in the direction of the arrows, 
and a the outline of the unmarked pole placed 
beneath the plate, then the electricity collect- 
ed at 6 and the neighbouring parts is positive, 
whilst that collected at the centre c and other 
parts is negative (88) . The currents in the plate 
are therefore from the centre by the magnetic 
poles towards the circumference. 

190. H the marked pole be placed above, all 
other things remaining the same, the electri- 
city at b, PI. II, Fig, S, is still positive. If the 
marked pole be placed below, or the unmarked 
pole above, the electricity is reversed. If the 
direction of revolution in any case is reversed, 
the electricity is also reversed. 

101. It is now evident that the rotating plate 
is merely another form of the simpler experi- 
inentof passing a piece of metal between the 
magnetb poles in a rectilinear direction, and 
that in such cases currents of electricity are 
p^diiced at right anises to the direction of the 


motion, and crossing it at the place of the mag- 
netic pole or poles. This was sufficiently shown 
by the following simple experiment: A piece of 
copper plate one-fifth of an inch thick, one inch 
and a half wide, and twelve inches long, being 
amalgamated at the edges, was placed between 
the magnetic poles, whilst the Wo conductors 
from the galvanometer were held in contact 
with its edges; it was then drawn through be- 
tween the poles of the conductors in the direc- 
tion of the arrow, PL II, Fig, immediately 
the galvanometer needle was deflected, its north 
or marked end passed eastward, indicating that 
the wire A received negative and the wire B 
positive electricity; and as the marked pole 
was above, the result is in perfect accordance 
with the effect obtained by the rotatory plate 
(99). \ 

102. On reversing the motion of th4 plate, 
the needle at the galvanometer was deflected 
in the opposite direction, showing an op^site 
current. 

103. To render evident the character of the 
electrical current existing in various parts of 
the moving copper plate, diffenng in their re- 
lation to the inducing poles, one collector (86) 
only was applied at the part to be exanuned 
near to the pole, the other being connected 
with the end of the plate as the most neutral 
place: the results are given at PL II, Figs, 3-8, 
the marked pole being above the plate. In Fig. 
3, B received positive electricity; but the plate 
moving in the same direction, it received on 
the opposite side. Fig. 6, negative electricity: 
reversing the motion of the latter, as in Fig. 
8, B received positive electricity; or reversing 
the motion of the first arrangement, that of 
Fig. 3 to Fig. 7, B received negative electricity. 

104. When the plates were previously re- 
moved sideways from between the magnets, as 
in PL II, Fig. 9, so as to be quite out of the po- 
lar axis, still the same effects were produced, 
though not so strongly. 

105. When the magnetic poles were in con- 
tact, and the copper plate was drawn between 
the conductors near to the place, there was but 
very little effect produced. When the poles 
were opened by the width of a card, the effect 
was somewhat more^ but still very small. 

106. When an amalgamated copper wire, 
one-eighth of an inch thick, was drawn through 
between the conductors and poles (101), it pro- 
duced a very considerable effect, thou^ not so 
much as the plates. 

107. If the conductors were held permanent- 
ly against any particular parts of the copper 
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plates, and earned between tiie magnetic poles 
with them, effects the same as those described 
were produced, in accordance with the results 
obtained with the revolving disc (94). 

108. On the conductors being held against 
the ends of the plates, and the latter then passed 
between themagnetic poles, inadirectiontrans- 
verse to their length, the same effects were 
produced (PL II, Fig. 10). The parts of the 
plates towards the end may be considered either 
as mere conductors, or as portions of metal in 
which the electrical current is excited, accord- 
ing to their distance and the strength of the 
magnet; but the results were in perfect har- 
mony with those before obtained. The effect 
was as strong as when the conductors were held 
against the sides of the plate (101). 

109. When a mere wire, connected with the 
galvanometer so as to form a complete circuit, 
was passed through between the poles, the gal- 
vanometer was affected; and upon moving the 
wire to and fro, so as to make the alternate im- 
pulses produced correspond with the vibra- 
tions of the needle, the latter could be increased 
to 20° or 30° on each side of the magnetic me- 
ridian. 

110. Upon connecting the ends of a plate of 
metal with the galvanometer wires, and then 
carrying it between the poles from end to end 
(as in PI. II, Fig. f i), in either direction, no ef- 
fect whatever was produced upon the galva- 
nometer. But the moment the motion became 
transverse, the needle was deflected. 

111. These effects were also obtained from 
electro-magnetic polee, resulting from the use of 
copper helices or spirals, either alone or with 
iron cores (34, 64). The directions of the mo- 
tions were precisely the same; but the action 
was much greater when the iron cores were 
used, than without. 

112. When a flat spiral was passed through 
edgewise between the poles, a curious action at 
the galvanometer resulted ; the needleflrst went 
strongly one way, but then suddenly stopped, 
as if it struck against some solid obstacle, and 
immediately returned. If the spiral were passed 
through from above downwards, or from below 
upwards, still the motion of the needle was in 
the same direction, then suddenly stopped, and 
then was reversed. But on turning the spiral 
half-way round, i.e.,edge for edge, then the di- 
rections of the motions were reversed, but still 
Were suddenly interrupted and inverted as be- 
fore. This double action depends upon the 
halves of the spiral (divided by a line passing 
through its centre perpendicular to the direc- 


tion of its motion) acting in opposite direc- 
tions; and the reason why the ne^le went to 
the same side, whether the spiral passed by 
the poles in the one or the other direction, was 
the circumstance, that upon changing the mo^ 
tion, the direction of the wires in the approach- 
ing half of the spiral was changed also. The ef- 
fects, curious as they appear when witnessed, 
are immediately referable to the action of sin- 
gle wires (40, 109). 

113. Although the experiments with the re- 
volving plate, wires, and plates of metal, were 
flrst successfully made with the large magnet 
belonging to the Royal Society, yet they were 
all ultimately repeated with a couple of bar 
magnets two feet long, one inch and a half 
wide, and half an inch thick; and, by render- 
ing the galvanometer (87) a little more deli- 
cate, with the most striking results. Ferro- 
electro-magnets, as those of Moll, Henry, &c. 
(57), are very powerful. It is very essential, 
when making experiments on different sub- 
stances, that thermo-electric effects (produced 
by contact of the fingers, &c.) be avoided, or at 
least appreciated and accounted for; they are 
easily distinguished by their permanency, and 
their independence of the magnets, or of the 
direction of the motion. 

114. The relation which holds between the 
magnetic pole, the moving wire or metal, and 
the direction of the current evolved, i.e., Oie 
law which governs the evolution of electricity 
by magneto-electric induction, is very simple, 
although rather difficult to express. If in PL II, 
Fig. 12 f PN represent a horizontal wire passing 
by a marked magnetic pole, so that the direc- 
tion of its motion shall coincide with the curved 
line proceeding from below upwards; or if its 
motion parallel to itself be in a line tangential 
to the curved line, but in the general direction 
of the arrows; or if it pass the pole in other di- 
rections, but so as to cut the magnetic curves^ 
in the same general direction, or on the same 
side as they would be cut by the wire if moving 
along the dotted curved line — ^then the cur- 
rent of electricity in the wire is from P to N. 
If it be carried in the reverse directions, the 
electric current will be from N to P. Or if the 
wire be in the vertical position, figured F N', 
and it be carried in similar directions, ooinetdr 
ing with the dotted horizontal curve so l^r, as 
to cut the magnetic curves on the same side 

1 By magaetio curves, I mean the linto of mag- 
nel^o forces, however modified by the fuataMition 
of poles, which would be depicted by iron mingSt pF 
those to which a very smail magnetic needle wooi4 
form a tangent. 




ii| ibe ^oafreaat wiB be bam:^ to NMf 
lidre be ooasiiteired^ tangent tortile curved mt* 
lace of ibe cylindrical magnet, and it be carried 
round that eurface into any other position, or 
if the ma^et itself be revolved on its aids, so 
ms to bring any part opposite to the tangential 
vdre—^till, if afterwards the wire be moved in 
the directions indicated, the current of elec* 
iricity will be from P to N ; or if it be moved in 
the opposite direction, from N to P; so that as 
regaids the motions of the wire past the pole, 
they may be reduced to two, directly opposite 
to each other, one of which produces a current 
from P to N, and the other from N to P. 

115. The same holds true of the unmarked 
pole of the magnet, except that if it be substi- 
tuted for the one in the figure, then, as the 
wires are moved in the direction of the arrows, 
the current of electricity would be from N to 
P, and when they move in the reverse direc- 
tion, from P to N. 

116. Hence the current of electricity which 
is excited in metal when moving in the neigh- 
bourhood of a magnet, depends for its direc- 
tion altogether upon the ration of the metal 
to the resultant of magnetic action, or to the 
magnetic curves, and may be expressed in a 
popular way thus: Let A B (Pl.II,Ft^. 15) rep- 
resent a cylinder magnet, A being the marked 
pole, and B the unmark^ pole; let P N be a 
silver knife-blade, resting across the magnet 
with its edge upward, and with its marked or 
notched side towards the pole A; then in what- 
ever direction or position this knife be moved 
edge foremost, either about the marked or the 
unmarked pole, the currept of electricity pro- 
duced will be from P to provided the inter- 
sected curves proceeding from A abut upon 
the notched surface of the knife, and those 
Irom B upon the unnotched side. Or if the knife 
be moved with its back foremost, the current 
will be from N to P in every possible position 
imd direction, provided the intersected curves 
abut on the same surfaces as before. A little 
mode ls easily constructed, by using a cylinder 
of wood for a magnet, a fiat piece for the blade, 
and a piece of thread connecting one end of 
tiiecyl^erwiththeQther,andpassingthrougb 
a hole in the blade, for the magnetic curves: 
Ibis readily gives the result of any possible di- 
jection. 

When the wire under induction is pass- 

an electro-magnetic pole, as for instance 
.kmmi ola copper l^x trav^sed by the ^eo^ 
ent^t (M), the direction of the current in 
w ap^aching wire is the same with thai of 


current in the ^rts or sidte of tim Bfnrals 
nearest to it, and in the receding wire the 
verse of that in the parts nearest to it. 

118. All these results show that the power of 
inducing electric currents is circumferentially 
exerted by a magnetic resultant or axis of pow- 
er, just as circumferential magnetism is de- 
pendent upon and is exhiUted by an electric 
current. 

119. The experiments described combine to 
prove that when a piece of metal (and the same 
may be true of all conducting matter [213]) is 
passed either before a single pole, or between 
the opposite poles of a magnet, or near electro^ 
magnetid'tibles, whether ferruginous or not, 
electrical currents are produced acrosdthe met- 
al transverse to the direction of motion; and 
which therefore, in Aragons experiments, will 
approximate towards the direction of mdii. If 
a single wire be moved like the spoue of a 
wheel near a magnetic pole, a current oi elec- 
tricity IS determined through it from one end 
towards the other. If a wheel be imagined, 
constructed of a great number of these radii, 
and this revolved near the pole, in the manner 
of the copper disc (85), each radius will have a 
current produced in it as it passes by the pole. 
If the radii be supposed to be in contact later- 
ally, a copper disc results, in which the direc- 
tions of the currents will be generally the same, 
bemg modified only by the coaction which can 
take place between the particles, now that 
they are in metalhc contact. 

120. Now that the existence of these currents 
is known, Arago’s phenomena may be account- 
ed for without considering them as due to the 
formation in the copper, of a pole of the oppos- 
ite kind to that approximated, surrounded by 
a diffuse polarity of the same k^d (82) ; neither 
is it essential that the plate should acquire and 
lose its state in a finite time; nor on the other 
hand does it seem necessary that any repulsive 
force should be admitted as the cause of the ro- 
tation (82). 

121. The effect b precisely of the same kind 
as the electro-magn^ic rotations which 1 had 
the good fortune to discover some years ago.^ 
Accord^ to the experiments thenr^e which 
have since been abundantly confirmed, if B 
wire P N, (PL 11, Fig. 14) be connected with 
tbe positive and negative ends of a voltaic bat- 
tery, so that the positive riectricity shall |BSS 
from P to N , and a marked magnetic pole N be 
placed near the wire between it and the qpee- 

^ ^QwoMpJmttwdtifScimee^Ycil^Xn^pjBu 
416,283. 
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tial to the ^watds the rif^tr a^ the 

wire will move tangentially towarde the left« 
according to the directions of the arrows. This 
is exactly what takes place in the rotation of a 
plate beneath a magnetic pole; for let N (PL 
II, Fig. 15) be a marked pole above the circu- 
lar plate, the latter being rotated in the direc- 
tion of the arrow: immediately currents of pos- 
itive electricity set from the central parts in 
the general direction of the radii by the pole 
to the parts of the circumference a on the other 
side of that pole (99, 119), and are therefore 
exactly in the same relation to it as the current 
in the wire (PN, Fig. 14), and therefore the pole 
in the same manner moves to the right hand. 

122. If the rotation of the disc be reversed, 
the electric currents are reversed (91), and the 
pole therefore moves to the left hand. If the 
contrary pole be employed, the effects are the 
same, i. e. in the same direction, because cur- 
rents of electricity, the reverse of those de- 
scribed, are produced, and by reversing both 
poles and currents, the visible effects remain 
unchanged. In whatever position the axis of 
the magnet be placed, provided the same pole 
be applied to the same side of the plate, the 
electric current produced is in the same direc- 
tion, in consistency with the law already stat- 
ed (114, &G.) ; and thus every circumstance re- 
garding the direction of the motion may be ex- 
plained. 

123. These currents are discharged or return 
in the parts of the plate on each side of and 
more distant from the place of the pole, where, 
of course, the magnetic induction is weaker; 
and when the collectors are applied, and a cur- 
rent of electricity is carried away to the gal- 
vanometer (88), the deflection there is merely 
a repetition, by the same current or part of it, 
of the effect of rotation in the magnet over the 
plate itself. 

124. It is under the point of view just put 
forth that I have ventured to say it is not nec- 
essary that the plate should acquire and lose 
its state in a finite time (120) ; for if it were pos- 
sible for the current to be fully developed the 
instant before it arrived at its state of nearest 
approximation to the vertical pole of the mag- 
net, instead of opposite to or a little beyond it, 
still the relative motion of the pole and plate 
would be the same, fhe resulting force bei^ in 
fact tangential instead of direct. 

12fi; But it is possibiet (thous^ not necessary 
for the rptaHon) that Hme may be required for 
the dWsJopment of the maximum current in 


in vhidi case theiesultant of all 
f orces wc^ be in advance of the magnet when 
the plate is rotated, or in tee rear of tee mag^ 
net when tee latter is rotated, and many of tee 
effects with pure electro-inagnetie poles tend 
to prove this is the case. Then, the tangential 
force may be resolved into two others, one par- 
allel to the plane of rotation, and the other per- 
pendicular to it; the former would be the force 
exerted in making the plate revolve wite tee 
magnet, or the magnet with the plate; tee lat- 
ter would be a repulsive force, and is probably 
that, the effects of which M. Arago has also 
discovered (82). 

126. The extraordinary circumstance accom- 
panying this action, which has seemed so inex- 
plicable, namely, the cessation of all phenom- 
ena when the magnet and metal are brou^t to 
rest, now receives a full explanation (82); for 
then the electrical currents which cause the 
motion cease altogether. 

127. All the effects of solution of metallic 
continuity, and the consequent diminution of 
power described by Messrs. Babbage and Her- 
schei,^ now receive their natural explanation, 
as well also as the resumption of power when 
the cuts were filled up by metallic substances, 
which, though conductors of electricity, were 
themselves very deficient in the power of in- 
fluencing magnets. And new modes of cutting 
the plate may be devised, which shall almost 
entirely destroy its power. Thus, if a copp^ 
plate (81) be cut through at about a fifth or 
sixth of its diameter from the edge, so as to sep- 
arate a ring from it, and this ring be again 
fastened on, but with a thickness of paper inter- 
vening (PL 11, Fig. 17), and if Arago’s experi- 
ment be made with this compound plate so ad- 
justed that the section shall continually travel 
opposite the pole, it is evident that the mag- 
netic currents will be greatly interfered with, 
and the plate probably lose much of its effect.^ 

An elementary result of this kind was ob- 
tained by using two pieces of thick copper, 
teaped as in Fig. 16. Vfhm the two ndi^bqU^ 
ing edges were amalgamated and put togete^ 
and the arrangem^t passed between tee polfm 
of the magnet, in a direction paralld to te^ 
edges, a current was urged throu^ thq 
atteched to the outer an^es, and tee 

eter became strongly affected; but wfaen a i^' 
gle film of paper was interposed, and the 

tPhOoaojMita TranaaetionB. 1825. p. 46L ! ! 

> This experiment has aotually been made by Mr. 
Christie, with the results here desoribed, Is ie- 
oorded in the PhUoeiitthwU TVonsactfoiit for I827, 
p.S2. 
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iment repeated, no sensible effect could be pro- 
duced. 

128. A section of this kind could not inter- 
fere much with the induction of magnetism, 
supposed to be of the nature ordinarily re- 
ceived by iron. 

129. The effect of rotation or deflection of 
the needle, which M. Arago obtained by ordi- 
nary magnets, M. Ampere succeeded in pro- 
curing by electro-magnets. This is perfectly in 
harmony with the results relative to volta- 
electric and magneto-electric induction de- 
scribed in this paper. And by using flat spirals 
of copper wire, through which electric currents 
were sent, in place of ordinary magnetic poles 
(111), sometimes applying a single one to one 
side of the rotating plate, and sometimes two 
to opposite sides, I obtained the induced cur- 
rents of electricity from the plate itself, and 
could lead them away to, and ascertain their 
existence by, the galvanometer. 

130. The cause which has now been assigned 
for the rotation in Arago’s experiment, name- 
ly, the production of electrical currents, seems 
abundantly sufficient in all cases where the 
metals, or perhaps even other conductors, are 
concerned; but with regard to such bodies as 
glass, resins, and, above all, gases, it seems im- 
possible that currents of electricity, capable of 
producing these effects, should be generated in 
them. Yet Arago found that the effects in 
question were produced by these and by all 
bodies tried (81). Messrs. Babbage and Her- 
schel, it is true, did not observe them with any 
substance not metallic, except carbon, in a 
highly conducting state (82), Mr. Harris has 
ascertained their occurrence with wood, mar- 
ble, freestone and annealed glass, but obtained 
no effect with sulphuric acid and saturated so- 
lution of sulphate of iron, although these are 
better conductors of electricity than the former 
substances. 

131. Future investigations will no doubt ex- 
plain these difficulties, and decide the point 
whether the retarding or dragging action spok- 
en of is always simultaneous with electric cur- 
rents.^ The existence of the action in metals, 
only whilst the currents exist, i.e., whilst mo- 
tion is jgiven (82, 88), and the explication of 
flie repulsive action observed by M. Arago 

1 Experiments which I have since made convince 
me that this particular action is always due to the 
Metrical currents formed; and they supply a test 
w Which it may be distinguished from the action of 
^dinarV magnetism, or any other cause, including 
«nboee wmeh are mechaaimu or irregular, producing 
mmUar effeeta (254). 


(82, 125), are powerful reasons for referring it 
to this cause; but it may be cmnbined with 
others which occasionally act alone. 

132. Copper, iron, tin, zinc, lead, mercury, 
and all the metals tried, produced electrical 
currents when passed between the magnetic 
poles: the mercury was put into a glass tube 
for the purpose. The dense carbon deposited in 
coal gas retorts, also produced the current, but 
ordinary charcoal did not. Neither could 1 ob- 
tain any sensible effects with brine, sulphuric 
acid, saline solutions, &c., whether rotated in 
basins, or inclosed in tubes and passed between 
the poles. 

133. 1 have never been able to produce any 
sensation upon the tongue by the wires con- 
nected with the conductors applied to the edges 
of the revolving plate (88) or slips oV metal 
(101). Nor have I been able to heat a fine plat- 
ina wire, or produce a spark, or convulse the 
limbs of a frog. I have failed also to produce 
any chemical effects by electricity thus evolved 
(22, 56). 

134. As the electric current in the revolving 
copper plate occupies but a small space, pro- 
ceeding by the poles and being discharged right 
and left at very small distances comparatively 
(123) ; and as it exists in a thick mass of metal 
possessing almost the highest conducting ^ow- 
er of any, and consequently offering extraor- 
dinary facility for its production and discharge; 
and as, notwithstanding this, considerable cur- 
rents may be drawn off which can pass through 
narrow wires, forty, fifty, sixty, or even one 
hundred feet long; it is evident that the cur- 
rent existing in the plate itself must be a very 
powerful one, when the rotation is rapid and 
the magnet strong. This is also abundantly 
proved by the obedience and readiness with 
which a magnet ten or twelve pounds in weight 
follows the motion of the plate and will strong- 
ly twist up the cord by which it is suspended. 

135. Two rough trials were made with the in- 
tention of constructing magneUhelectrtc mor 
chines. In one, a ring one inch and a half broad 
and twelve inches external diameter, cut from 
a thick copper plate, was mounted so as to re- 
volve between the poles of the magnet and rep- 
resent a plate similar to those formerly used 
(101), but of interminable length; the inner 
and outer edges were amalgamated, and the 
conductors applied one to each edge, at the 
place of the magnetic poles. The current of 
electricity evolved did not appear by the gal- 
vanometer to be stronger, if so stitmgi as 
from the circular plate (%}. 
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136. In the other, small thick discs of copper 
or other metal, half an inch in diameter, were 
revolved rapidly near to the poles, but with 
the axis of rotation out of the polar axis; the 
electricity evolved was collected by conductors 
applied as before to the edges (86), Currents 
were procured, but of strength much inferior 
to that produced by the circular plate. 

137. The latter experiment is analogous to 
those made by Mr. Barlow with a rotating iron 
shell, subject to the influence of the earth.^ The 
effects obtained by him have been referred by 
Messrs. Babbage and Herschel to the same 
cause as that considered as influential in Ara- 
go's experiment,® but it would be interesting 
to know how far the electric current which 
might be produced in the experiment would ac- 
count for the deflexion of the needle. The mere 
inversion of a copper wire six or seven times 
near the poles of the magnet, and isochronous- 
ly with the vibrations of the galvanometer 
needle connected with it, was sufficient to make 
the needle vibrate through an arc of 60® or 70®. 
The rotation of a copper shell would perhaps 
decide the point, and might even throw light 
upon the more permanent, though somewhat 
analogous effects obtained by Mr. Christie. 

138. The remark which has already been 
made respecting iron (66), and the independ- 
ence of the ordinary magnetical phenomena of 
that substance and the phenomena now de- 
scribed of magneto-electric induction in that 
and other metals, was fully confirmed by many 
results of the kind detailed in this section. 
When an iron plate similar to the copper one 
formerly described (101) was passed between 
the magnetic poles, it gave a current of elec- 
tricity like the copper plate, but decidedly of 
less power; and in the experiments upon the in- 
duction of electric currents (9), no difference 
in the kind of action between iron and other 
metals could be perceived. The power there- 
fore of an iron plate to drag a magnet after it, 
or to intercept magnetic action, should be care- 
fully distinguished from the similar power of 
such metals as silver, copper, &c., &c., inas- 
much as in the iron by far the greater part of 
the effect is due to what may be called ordi- 
nary magnetic action. There can be no doubt 
that the cause assigned by Messrs. Babbage 
and Herschel in explication of Arago’s phenom- 
ena is the true one, when iron is the metal used. 

> PkUoBOj^ieal Tranaadum, 1825, p. 317. 

1826, p. 485. 


139. The very feeble powers which werefound 
by those philosophers to belong to bismuth 
and antimony, when moving, of affecting the 
suspended magnet, and which has been con** 
fiiT^d by Mr. Harris, seem at first dispropor- 
tionate to their conducting powers; whether it 
be so or not must be decided by future experi- 
ment (73) .* These metals are highly crystalline, 
and probably conduct electricity with different 
degrees of facility in different directions; and 
it is not unlikely that where a mass is made up 
of a number of crystals heterogeneously assoc- 
iated, an effect approaching to that of actual 
division may occur (127); or the currents of 
electricity may become more suddenly deflect- 
ed at the confines of similar crystalline arrange- 
ments, and so be more readily and completely 
discharged within the mass. 

Royal Institution f November 1831. 

Note. In consequence of the long period which has 
intervened between the reading and printing of the 
foregoing paper, accounts of the experiments have 
been dispersed, and, through a letter of my own to 
M. Hachette, have reached France and Italy. That 
letter was translated (with some errors), and read to 
the Academy of Sciences at Paris, 26th December, 
1831. A copy of it in Le Temps of the 28th December 
quickly reached Signor Nobili, who, with Signor An- 
tinori, immediately experimented upon the subject, 
and obtained many of the results mentioned in my 
letter; others they could not obtain or understand, 
because of the brevity of my account. These resultB 
by Signor Nobili and Antinori have been embodmd 
in a paper dated 31st January, 1832, and printed 
and published in the number of the Antotogia dat^ 
November, 1831 (according at least to the copy of 
the paper kindly sent me by Signor Nobili) . It is evi- 
dent the work could not have been then printed; and 
though Signor Nobili, in his paper, has inserted my 
letter as the text of his experiments, yet the circum- 
stance of back date has caused many here, who have 
heard of Nobili’s experiments by report only, to im- 
agine his results were anterior to, instead of being 
dependent upon, mine. 

1 may be allowed under these circumstances to re- 
mark, that I experimented on this subject several 
years ago, and have published results. (See QuaHetly 
Journal of Science for July, 1825, p. 338.) The follow- 
ing also is an extract from my note-book, dated No- 
vember 28, 1826: “Experiments on induction by 
connecting wire of voltaic battery: a battery of four 
troughs, ten pairs of plates, each arranged side hy 
side — the poles connected by a wire about four fe^ 
long, parallel to which was another similar wire sep- 
arated from it only by two thicknesses of paper, the 
ends of the latter were attached to a galvanometer: 
exhibited no action, &c., &o., &c. Could not in any 
way render any induction evident from the connect- 
ing wire.” The cause of failure at that time is now 
evident (79).— M. F. April, 1832. 

* 1 have since been able to explain these differ^ 
ences, and prove, with several metals, that the effect 
is in the order of the conducting power; for I^ave 
been able to obtmn, by magneto-dectrio mdublioii, 
currents of electricity which are proportionate in 
strength to the conducting power of uie bodies ex- 
perimented with (211). 
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I 5 . TerrestrM Magneto-eiedric Induction 
140. When the general facts described in the 
former paper were discovered, and the law of 
magnet^ectric induction relative to direction 
was ascertained (114), it was not difficult to 
perceive that the earth would produce the same 
^i^asamagnet, and to an extent that would, 
perhaps, render it available in the construc- 
ti<m of new electrical machines. Hie following 
are some of the results obtained in pursuance 
of tins view. 

141. The hollow helix already described (6) 
was connected with a galvanometer by wires 
^ght feet long; and the soft iron cylinder (34) 
after b^ng heated red-hot and slowly cooled, 
to remove all traces of magnetism, was put into 
the helix so as to project equally at both ends, 
and fixed there. The combined helix and bar 
were hdd in the magnetic direction or line of 
ffip, iuid (the galvanometer needle being mo- 
tioffiess) were then inverted, so that the lower 
end should become the upper, but the whole 
stfit correspond to the magnetic direction; the 
needle was inunediatdy defected. As the lat- 
ter returned to its first position, the helix and 
bar were agam invented ; and by doing this two 
or tiuee times, making the inversions and vi- 
b^ons to coincide, the needle swung throu|^ 
anarcof ISO* or 160”. 

• 142. When one end of the hdix, whidi may 
M exiled A, was uppermost at first (B end con- 
eoqnentiy bong below), then it mattered not 
in whf^ direction it proceeded during the 
ihversiem, whether to &e ri^t hand or left 
hand, or tiirou{^ aiqr othor course; stiU the 
gej|s^omet« needle passed in the same di- 
Again, when B aid was uppermost, 
ll^.iaverBion of the helix and bar in any 
>>M)i6a ahrays caused (he needle to be de> 

« bBe way; that way being the opposite 
.eooise of the deflection in the former 
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ids. When the helix with its iron core in any 
position was inverted, the effect was as 

286 


if a magnet with its marked pole downwards 
had been introduced from above into the m- 
verted helix. Thus, if the end B were uwards, 
such a magnet introduced from above Would 
make the marked end of the galvanometer 
needle pass west. Or the end B being d|pwn- 
wards, and the soft iron in its place, inveWn 
of the whole produced the same effect. \ 

144. Whai the soft iron bar was taken out of 
the helix and inverted in various directions 
within four feet of the galvanometer, not the 
slightest effect upon it was produced. 

145. These phenomena are the necessary con- 
sequence of the inductive magnetic power of 
the earth, rendering the soft iron cylinder a 
magnet with its marked pole downwards. The 
experiment is analogous to that in which two 
bar magnets were used to magnetize the same 
cylinder in the same helix (36), and the inver- 
sion of position in the present experiment is 
equivalent to a change of the poles in that ar- 
rangement. But the result is not less an in- 
stance of the evolution of electricity by means 
of the magnetism of the globe. 

146. The helix alone was then held perman- 
ently in the magnetic direction, and the soft 
iron cylinder afterwards introduced; the gal- 
vanometer needle was instantly deflected; by 
withdrawing the cylinder as the needle re- 
turned, and continuing the two actions simulta- 
neously, the vibrations soon extended through 
an arc of 180*. Hie effect was precisely the 
same as that obtained by using a cylinder mag- 
net with its marked pole downwards; and the 
direction of motion, Ac. was perfectly in ac- 
cordance with the results of former experiments 
obtained with such a magnet (39). A magnet 
in that position bong used, gave the same de- 
flections, but stronger. When the helix was ^ 
at right angd^ to the magnetic directicn or 
dip, tiien the introduction or lemo^ of. the 
soft iron cylinder produced no effe^ at'the 
neecUe. Any inclination to &e dflp gave resxdfs 
of the same kind as those already described, 





but 

onated tatlie > 

147. A cylinder magnet^ althou^ itihaegreat 
power of a&cting the galvanometer whi^mov* 
ing into or out of the hd^x, has no power of 
continuing the deflection (39); and therefore, 
though left in, still the magnetic needle comes 
to its usual place of rest. But upon repeating 
(with the magnet) the experiment of inversion 
in the direction of the dip (141), the needle was 
affected as powerfully as before; the disturb- 
ance of the magnetism in the sted magnet, by 
the earth’s inductive force upon it, being thus 
shown to be nearly, if not quite, equal in 
amount and rapidity to that occurring in soft 
iron. It is probable that in this way magneto- 
electrical arrangements may become very use- 
ful in indicating the disturbance of magnetic 
forces, where other means will not apply; for 
it is not the whole magnetic power which pro- 
duces the >daible effect, but only the difference 
due to the disturbing causes. 

148. These favourable results led me to hope 
that the direct magneto-electric induction of 
the earth might be rendered sensible; and I 
ultimately succeeded in obtaining the effect in 
several ways. When the helix just referred to 
(141, 6) was placed in the magnetic dip, but 
without any cylinder of iron or steel, and was 
then inverted, a feeble action at the needle was 
observed. Inverting the helix ten or twelve 
times, and at such periods that the deflecting 
forces exerted by the currents of electricity 
produced in it should be added to the momen- 
tum of the needle (39), the latter was soon 
made to vibrate throu^ an arc of 80® or 90®. 
Here, therefore, currents of electricity were 
produced by the direct inductive power of the 
earth’s magnetism, without the use of any fer- 
ruginous matter, and upon a metal not cap- 
able of exhibiting any of the ordinary magnetic 
phenomena. The experiment in everything rep- 
resents the effects produced by bringing the 
same helix to one or both poles of any power- 
ful magnet (50). 

149. Quided by the law already expressed 
(114), I expected that all the electric phenom- 
ena of the revolving metal plate could now be 
produced whhout any other magnet than the 
earth. The plate so often referr^ to (85) was 
therefore so as to rotate in a borisontal 
plane» The magnetic curves of the earth (114, 
noU)f i.e., the dip, passes through this {^ne at 
an^es .of about 70®, which it was expected 
would be an appmxiination to perp^dicular- 
ity, quite enoi^ toa^w of magneto-citric 


induction stridently pcni^er^ to ptodaoe a 
carrot of dectridty. 

150. Upon rotation of the|date| 

ought, according to the law (114, 121), to tend 
to pass in the direction of the radii, throuid^ Oli 
P|^tB of the plate, either from the centre to the 
circumference, or from the eircumferenee to 
the centre, as the direction of the rotaikm of 
the plate was one way or the others One ^ 
the wires of the galvanometer was therefore 
brought in contact with the axis of the plate, 
and the other attached to a leaden collector or 
conductor (86), which itsdf was placed against 
the amalgamated edge of the disc. On rotating 
the plate there was a distinct effect at thei^t* 
vanometer needle; on reversing the rotation, 
the needle went in the opposite direction; and 
by making the action of the plate coincide with 
the vibrations of the needle, the arc throu^ 
which the latter passed soon extended to h^ 
a circle. 

151. Whatever part of the edge of the plate 
was touched by the conductor, the elect^ty 
was the same, provided the direction of rota- 
tion continued unaltered. 

152. When the plate revolved 8creuhfa8kio% 
or as the hands of a watch, the current of elec- 
tricity (150) was from the centre to the circum- 
ference; when the direction of rotation was tm- 
screWf the current was from the circumference 
to the centre. These directions are the same 
with those obtained when the unmarked pde 
of a magnet was placed beneath the revolving 
plate (99). 

153. When the plate was in the magnetie 

meridian, or in any other plane coimndmgm&i 
the magnetic dip, then its rotation produced 
no effect upon the galvanometer. When inclined 
to the dip but a few degrees, electricity began 
to appear upon rotation. Thus when standing 
upright in a plane perpendicular to the mag- 
netic meridian, and when consequently its own 
plane was inclined only about 20® to the dip^ 
revolution of the plate evolved electricity. Am 
the inclination was increased, the dectrieity 
became more powerful until the angle fonned 
by the plane of the plate with the dip was 9^^^ 
when theelectrieity for a given vdodNy 
plate w^ a maximum. - J ^ 

154. it is a striking thing to obs^^vO tiiii 1!^ 
volving copper plate become thus sk' n^i^ 
trical machine; and curious results 

paring it wi& the common machine* & 
one, Hie plate is of the best iKm<*ooiidncll^ 
substance that can be eqiptied; in the It 

is the xQost perfect (xmduotmrsin 
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laticMBk iff essential; in the other, it is fatal. In 
eomparison of the quantities of electricity pro- 
duct, the metal machine does not at all fall 
below the glass one; for it can produce a con* 
stant current capable of deflecting the galva- 
nometer needle, whereas the latter cannot. It 
is quite true that the force of the current thus 
evdved has not as yet been increased so as to 
render it available in any of our ordinary appli- 
cations of this power; but there appears every 
reasonable expectation that this may hereafter 
be effected; and probably by several arrange- 
ments. Weak as the current may seem to be, 
it is as strong as, if not stronger than, any 
thermo-electric current; for it can pass fluids 
(23), agitate the animal system, and in the case 
of an electro-magnet has produced sparks (32). 

155. A disc of copper, one-fifth of an inch 
thick and only one inch and a half in diameter, 
was amalgamated at the edge; a square piece 
of sheet lead (copper would have been better) 
of equal thickness had a circular hole cut in it, 
into which the disc loosely fitted; a little mer- 
cury completed the metallic communication of 
the disc and its surrounding ring; the latter 
was attached to one of the galvanometer wires, 
and the other wire dipped into a little metallic 
cup containing mercury, fixed upon the top of 
the copp^ axis of the small disc. Upon rotating 
the disc in a horizontal plane, the galvanom- 
eter needle could be affected, although the 
earth was the only magnet employed, and the 
radius of the disc but three-quarters of an inch; 
In which space only the current was excited. 

156. On putting the pole of a magnet under 
the revolving disc, the galvanometer needle 
could be permanently defected. 

157. On using copper wires one-sixth of an 
inch in thickness instead of the smaller wires 
(86) hitherto constantly employed, far more 
powerful effects were obtain^. Perhaps if the 
galvanometer had consisted of fewer turns of 
thick wire instead of many convolutions of 
thinner, more striking effects would have been 
product. 

158. One form of apparatus which I purpose 
having arranged, is to have several discs super- 
posed; the discs are to be metallically connect- 
ed, alternately at the edges and at the centres, 
by means mercury; and are then to be re- 
volved alternately in opposite directions, i.e., 
the^first, third, fifth, Ac., to the right hand, and 
the second, fourth, aixtib, Ac., to the left hand; 
the wbde being placed so that the discs are 
peipoQ^icUlar to the dip, or intersect most di- 
nee%;’iibe inaipmtio curves of powerful mag- 


nets. The electricity will be from the centre to 
the circumference in one set of discs, and from 
the circumference to the centre in those on 
each side of them; thus the action of the whole 
will conjoin to produce one combined and more 
powerful current. 

159. 1 have rather, however, been desirous of 
discovering new facts and new relations de- 
pendent on magneto-electric induction, than of 
exalting the force of those already obtained; 
being assured that the latter would find their 
full development hereafter. 

160. I referred in my former paper to the 
probable influence of terrestrial magneto-elec- 
tric induction (137) in producing, either alto- 
gether or in part, the phenomena observed by 
Messrs. Christie and Barlow,^ whilst revolving 
ferruginous bodies; and especially those ob- 
served by the latter when rapidly rotating an 
iron shell, which were by that philosopher re- 
ferred to a change in the ordinary disporation 
of the magnetism of the ball. I suggested also 
that the rotation of a copper globe would prob- 
ably insulate the effects due to electric cur- 
rents from those due to mere derangement of 
magnetism, and throw light upon the true na- 
ture of the phenomena. 

161. Upon considering the law already re- 
ferred to (114), it appeared impossible that a 
metallic globe could revolve under natural cir- 
cumstances, without having electric currents 
produced within it, circulating round the re- 
volving globe in a plane at right angles to the 
plane of revolution, provided its axis of rota- 
tion did not coincide with the dip; and it ap- 
peared that the current would be most power- 
ful when the axis of revolution was perpendic- 
ular to the dip of the needle: for then all those 
parts of the ball below a plane passing through 
its centre and perpendicular to the dip, would 
in moving cut the magnetic curves in one di- 
rection, whilst all those parts above that plane 
would intersect them in the other direction; 
currents therefore would exist in these moving 
parts, proceeding from one pole of rotation to 
tile other; but the currents above would be in 
the reverse direction to those below, and in con- 
jimction with them would produce a continued 
circulation of electricity. 

162. As the electric currents are nowhere in- 
terrupted in the ball, powerful effects were ex- 
pected, and I endeavoured to obtain them with 
simple apparatus. The ball I used was of brass; 

iCbristie, PkU. Tran$,, 1825, pp. 58, 347, Ae. 
Barlow, PhaL Trane., 1825, p. 817. 
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it had belonged to an old electrical madiine, 
was hollow, thin (too thin), and four inches in 
diameter; a brass wire was screwed into it, and 
the ball either turned in the hand by the wire, 
or sometimes, to render it more steady, sup- 
ported by its wire in a notched piece of wood, 
and motion again given by the hand. The ball 
gave no signs of magnetism when at rest. 

163. A compound magnetic needle was used 
to detect the currents. It was arranged thus: a 
sewing-needle had the head and point broken 
off, and was then magnetised; being broken in 
halves, the two magnets thus produced were 
fixed on a stem of dried grass, so as to be per- 
pendicular to it, and about four inches asunder ; 
they were both in one plane, but their similar 
poles in contrary directions. The grass was at- 
tached to a piece of unspun silk about six inches 
long, the latter to a stick passing through a 
cork in the mouth of a cylindrical jar; and thus 
a compound arrangement was obtained, per- 
fectly sheltered from the motion of the air, but 
little influenced by the magnetism of the earth, 
and yet highly sensible to magnetic and elec- 
tric forces, when the latter were brought into 
the vicinity of the one or the other needle. 

164. Upon adjusting the needles to the plane 
of the magnetic meridian; arranging the ball 
on the outside of the glass jar to the west of the 
needles, and at such a height that its centre 
should correspond horizontally with the upper 
needle, whilst its axis was in the plane of the 
magnetic meridian, but perpendicular to the 
dip; and then rotating the ball, the needle was 
immediately affected. Upon inverting the di- 
rection of rotation, the needle was again af- 
fected, but in the opposite direction. When the 
ball revolved from east over to west, the marked 
pole went eastward; when the ball revolved in 
the opposite direction, the marked pole went 
westward or towards the ball. Upon, placing 
the ball to the east of the needles, still the nee- 
dle was deflected in the same way; i.e., when 
the ball revolved from east over to west, the 
marked pole went eastward (or towards the 
ball); when the rotation was in the opposite 
direction, the marked pole went westward. 

165. By twisting the silk of the needles, the 
latter were brought into a position perpendic- 
ular to the plane of the magnetic meridian; the 
ball was again revolved, with its axis parallel 
to the needles; the upper was affected as be- 
fore, and the deflection was such as to show 
that both here and in the former case the nee- 
dle was influenced sdiely by currents of elec- 
tricity existing in the brass globe. 


166. If the upper part of the revolving ball 
be considered as a wire moving from east to 
west, over the unmarked pole of the earti^, Ito 
current of electricity in it should be from nolih 
to south (99, 114, 150); if the under part be 
considered as a similar wire, moving from west 
to east over the same pole, the electric current 
should be from south to north; and the circu- 
lation of electricity should therefore be from 
north above to south, and below back to north, 
in a metal ball revolving from east above to 
west in these latitudes. Now these currents are 
exactly those required to give the directions of 
the needle in the experiments just described; 
BO that the coincidence of the theory from 
which the experiments were deduced, with the 
experiments themselves, is perfect. 

167. Upon inclining the axis of rotation con- 
siderably, the revolving ball was still found to 
affect the magnetic needle ; and it was not until 
the angle which it formed with the^ magnetic 
dip was rendered small, that its effects, even 
upon this apparatus, were lost (153). When re- 
volving with its axis parallel to the dip, it is 
evident that the globe becomes analogous to 
the copper plate; electricity of one kind might 
be collected at its equator, and of the other 
kind at its poles. 

168. A current in the ball, such as that de- 
scribed above (161), although it ought to de- 
flect a needle the same way whether it be to 
the right or the left of the ball and of the axis 
of rotation, ought to deflect it the contrary 
way when above or below the ball; for then 
the needle is, or ought to be, acted upon in a 
contrary direction by the current. This expec- 
tation was fulfilled by revolving the ball be- 
neath the magnetic needle, the latter being still 
inclosed in its jar. When the ball was revolved 
from east over to west, the marked pole of the 
needle, instead of passing eastward, went west- 
ward; and when revolved from west over to 
east, the marked pole went eastward. 

169. The deflections of the magnetic needle 
thus obtained with a brass ball are exactly in 
the same direction as those observed by Mr. 
Barlow in the revolution of the iron shell; and 
from the manner in which iron exhibits the 
phenomena of magneto-electric induction like , 
any other metal, and distinct from its peculiar ' 
magnetic phenomena (182),itisiinpossibiebut , 
that electric currents must have excited, 
and become active in those experiments. What 
proportion of the whole eflect obtained is due- 
to this cause, must be decided by amore ela^ 
orate investigation of all the phenomena. 
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170. fheBe results, in conjunction mth tbe 
g^oeral law before stated (114), suggested an 
experiment of extreme sim|dicity, wbidi yet, 
on trial, was found to answer perfectly. Theex* 
elusion of all extraneous circumstances and 
complexity of arrangement, and the distindi 
character of the indications afforded, render 
this sin^ experiment an epitome of nearly all 
the facts of magneto-dectric induction. 

171. A piece of common copper wire, about 
eight feet long and one-twentieth of an inch in 
thickness, had one of its ends fastened to one 
of the terminations of the galvanometer wire, 
and the other end to the other termination; 
thus it formed an endless continuation of the 
galvanometer wire : it was then roughly adjust- 
ed into the shape of a rectangle, or rather of a 
loop, the upper part of which coidd be carried 
to and fro over the galvanometer, whilst the 
lower part, and the i^vanometer attached to 
it, remained steady (PL III, Fig. 1). Upon 
moving this loop over the galvanometer from 
right to left, the magnetic needle was imme- 
diately deflected; upon passing the loop back 
again, the needle passed in the contrary direc- 
tion to what it did before; upon repeating these 
motions of the loop in accordance with the vi- 
brations of the needle (39), the latter soon 
swung through 90® or more. 

172. The relation of the current of electricity 
produced in the wire, to its motion, may be un- 
derstood by supposing the convolutions at the 
galvanometer away, and the wire arranged as 
a rectangle, with its lower edge horizontd and 
in the plane of the magnetic meridian, and a 
magnetic needle suspended above and over the 
middle part of this edge, and directed by the 
earth {Fig. 1). On passing the upper part of the 
rectangle from west to east into the position 
represented by the dotted line, the marked 
pole of the magnetic needle went west; the 
electric current was therefore from north to 
soulh in the part of the wire passing under the 
needle, and from south to north in the moving 
or upper part of the paraltelograniL On passing 
the upper part of the rectangle from east to 
west over ^e galvanometer, the marked pole 
of the needle went east, and the current of 
dectricity wae therefore the reverse of thefmv 
iner* 

178. When the rectangle was arranged in a 
plane east and west, and the magnetic needle 
made parallel to it, either by the torsdon its 
snsiNn^ion thread or the action of a nmgnie^, 
^ were the 

mg^ up{)er part the'rectani^ f]^ north 


to eottlli, the xnarked pble of file needle 'went 
north; when the wire was moved in the oppo^ 
rite direefion, themarked pole went south. Tim 
same effect took place wh^ the motion of the 
wire wajs-in any other azimuth of the line of <Up; 
the direction of the current always being con^ 
formable to the law formerly repressed (114), 
and also to the directions obtain^ witii file ro- 
tating ball (164). 

174. In these experiments it is not necessmy 
to move the galvanometer or needle from its 
first position. It is quite sufficient if the wire of 
the rectangle is distorted where it leaves the 
instrument, and bent so as to allow the moving 
upper part to travel in the desired direction. 

175. The moveable part of the wire was then 
arranged bdow the galvanometer, but so as to 
be carried across the dip. It affected the instru- 
ment as before, and in the same direction; i.e., 
when carried from west to east under the in- 
strument, the marked end of the needle went 
west, as l^ore. This should, of course, be fixe 
case; for when the wire is cutting the magnetic 
dip in a certain direction, an electric curr^t 
al^ in a certain direction should be induced 
in it. 

176. If, in PI. Ill, Fig. IS, dp he parallel to 
the dip, and B A be considered as the upper 
part of the rectangle (171), with an arrow c at- 
tached to it, both these bring retained in a 
plane perpendicular to the dip — ^then, how- 
ever B A with its attached arrow is moved up- 
on d p as an axis, if it afterwards proceed in 
the direction of fixe arrow, a current of elee^ 
tricity will move along it from B towar(k A. 

177. When the moving part of the wire waa 
carried up or down parallel to the dip, ho ef- 
fect was produced on the galvanometer. Wlmn 
the direction of moti<m was a little indiued to 
the dip, electricity manifested itself; and was 
at a maximum when the motion was perpen- 
dicular to fixe magnetic direction. 

178. When thewire wasbentintootherfOnns 
and moved, equally strong effects were ob- 
tained, especially when instead of a rectani^ 
a double cateharian curve was formed of it , on 
one ride the gahmnometer, and the two rih^ 

curves or halves were swung in opporit84l«' 
rectiohs at the same time; thrir action then 
combined to affect the galvanometet^: butr idl 
the results were reducible to those above de^ 

179. The longer the extent of . fiie 
wiFa,ii&d the greater the space fixrou|^!whirii 
it moves, the greater is the effect upon tile 
galvanoiheter. 



202 

180. The f adfity with which dectric currents 
ere produced in metals when moving under 
the influence of magnets, suggests that hence- 
forth precautions should always be taken, in 
expwmentsuponmetalsandmagnets, to guard 
a^dnst such effects. Considering the universal* 
ity of the magnetic influence of the earth, it is 
a consequence which appears very extraordi- 
nary to the mind, that scarcely any piece of 
metal can be moved in contact with others, 
either at rest, or in motion with different veloc- 
ities or in varying directions, without an dec- 
tric current existing within them. It is prob- 
able that amongst arrangements of steam-en- 
gines and metal machinery, some curious ac- 
cidental magneto-electric combinations may be 
found, producing eflects which have never been 
observ^, or, if noticed, have never as yet been 
understood. 

181. Upon considering the effects of terres- 
trial magneto-electric induction which have 
now been described, it is almost impossible to 
resist tiie impression that similar effects, but 
infinitely greater in force, may be produced by 
the action of the globe, as a magnet, upon its 
own mass, in consequence of its diurnal rota- 
tion. It would seem that if a bar of metal be 
laid in these latitudes on the surface of the 
earth parallel to the magnetic meridian, a cur- 
rent of electricity tends to pass through it from 
south to north, in consequence of the travelling 
of the bar from west to east (172), by the rota- 
tion of the earth; that if another bar in the 
same direction be connected with the first by 
firires, it cannot discharg<^ the current of the 
first, because it has an equal tendency to have 
a current in the same direction induced within 
itself : but that if the latter be carried from east 
to west, which is equivalent to a diminution of 
tile motion communicated to it from the earth 
(172), then the electric current from south to 
north is rendered evident in the first bar, in 
consequence of its discharge, at the same time, 
by means of the second. 

182. Upon the supposition that the rotation 
of the earth tended, by magneto-electric induc- 
tion, to cause currents in its own mass, these 
would, according to the law (114) and the ex- 
periments, be, upon the surface at least, from 
the parts in the nei^bouiliood of or tcmards 
tiie plane of tiie equator, in opposite directions 
to tbe poles ; and if collectors cc^d be applied at 
the equator and at the poles of the globe, as 
ISm b^.done with the revoMng copper plate 
(ISO), and also with magnets (220), then neg- 
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ative electricity would be collected at the 
equator, and positive dectricity at both poles 
(222). But without the conductors, or some- 
thing equivalent to them, it is evident these 
currents could not exist, as they could not be 
discharged. 

183. 1 did not think it Impossible that some 
natural difference might occur between bodies, 
relative to the intensity of the current pro- 
duced or tending to be produced in them by 
magneto-electric induction, which might be 
shown by opposing them to each other; espe- 
cially as Messrs. Arago, Babbage, Herschel, 
and Harris,, have all found great differences, 
not only between the metals and other sub- 
stances, but between the metals them^lves, in 
their power of receiving motion from or giving 
it to a magnet in trials by revolution (130). I 
therefore took two wires, each one hundred 
and twenty feet long, one of iron and th^other 
of copper. These were connected with each 
other at their ends, and then extended in the 
direction of the magnetic meridian, so as to 
form two nearly parallel lines, nowhere in con- 
tact except at the extremities. The copper wire 
was then divided in the middle, and examined 
by a delicate galvanometer, but no evidence of 
an electrical current was obtained. I 

184. By favour of His Royal Highness the 
President of the Society, I obtained the per- 
mission of His Majesty to make experiments 
at the lake in the gardens of Kensington Pal- 
ace, for the purpose of comparing, in a similar 
manner, water and metal. The basin of this 
lake is artificial; the water is supplied by the 
Chelsea Company; no springs run into it, and 
it presented what I required, namely, a uni- 
form mass of still pure water, with banks rang- 
ing nearly from east to west, and from north to 
south. 

185. Two perfectly clean bright copper plates, 
each exposing four square feet of surface, were 
soldered to the extremities of a copper wire; 
the plates were immersed in the water, north 
and south of each other, the wire which con- 
nected them being arranged upon the grass of 
the bank. The plates were about four hundred 
and eighty feet from each other, in a right line; 
the wire was probably six hundred feet long. 
This wire was then divided in the middle, and 
connected by two cups of mercury with a deli- 
cate galvanometer. 

186. At firsts indications of electric currents 
were obtained; but when these were tested by 
inverting the direction of contact, and in other 
ways, they were found to bedue to other causes 
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temperature; a minute portion of the nitrate 
of mercury used to amalgamate the wireSi en« 
tering into the water employed to reduce the 
two cups of mercury to the same temperature, 
was sufficient to produce currents of electric- 
ity, which affected the galvanometer, notwith- 
standing they had to pass through nearly five 
hundred feet of water. When these and other 
interfering causes were guarded against, no ef- 
fect was obtained; and it appeared that even 
such dissimilar substances as water and cop- 
per, when cutting the magnetic curves of the 
earth with equal velocity, perfectly neutral- 
ized each other’s action. 

187. Mr. Fox of Falmouth has obtained some 
highly important results respecting the elec- 
tricity of metalliferous veins in the mines of 
Cornwall, which have been published in the 
Philosophicd Transactions.^ I have examined 
the paper with a view to ascertain whether any 
of the effects were probably referable to mag- 
neto-electric induction; but, though unable to 
form a very strong opinion, believe they are 
not. When parallel veins running east and west 
were compared, the general tendency of the 
electricity in the wires was from north to south; 
when the comparison was made between parts 
towards the surface and at some depth, the 
current of electricity in the wires was from 
above downwards. If there should be any nat- 
ural difference in the force of the electric cur- 
rents produced by magneto-electric induction 
in different substances, or substances in differ- 
ent positions moving with the earth, and which 
might be rendered evident by increasing the 
masses acted upon, then the wires and veins 
experimented with by Mr. Fox might perhaps 
have acted as dischargers to the electricity of 
the mass of strata included between them, and 
the directions of the currents would agree with 
those observed as above. 

188. Although the electricity obtained by 
magneto-electric induction in a few feet of wire 
is of but small intensity, and has not ;^t been 
observed except in metals, and carbon in a par- 
ticular state, still it has power to pass through 
brine (23) ; and, as increased length in the sub- 
stance acted upon produces increase of intens- 
ity, I hoped to obtain effects from extensive 
moving masses of water, though quiescent wa- 
ter gave none. I made experiments therefore 
(by favour) at Waterloo Bridge, extending a 
copper wire nine hundred and sixty feet in 
length upon the parapet of the bridge, and 

« 163G^ p. 3^. 


extensive plates of metal attached to them to 
complete contact with the water. Thus tlie 
wire and the water made one conducting cir- 
cuit; and as the water ebbed or flowed wi& 
the tide, 1 hoped to obtain currents analogous 
to those of the brass ball (161). 

189. 1 constantly obtained d^ections at the 
galvanometer, but they were very irregular^ 
and were, in succession, referred to other causes 
than that sought for. The different condition 
of the water as to purity on the two sides of the 
river; the difference in temperature; slight dif- 
ferences in the plates, in the solder used, in the 
more or less perfect contact made by twisting 
or otherwise; all produced effects in turn: and 
though I experimented on the water passing 
through the middle arches only; used platina 
plates instead of copper; and took every other 
precaution, I could not after three days obtain 
any satisfactory results. 

190. Theoretically, it seems a necessary con- 
sequence, that where water is flowing, there 
electric currents should be formed; thus, if a 
line be imagined passing from Dover to Calais 
through the sea, and returning through the 
land beneath the water to Dover, it traces out 
a circuit of conducting matter, one part of 
which, when the water moves up or down the 
channel, is cutting the magnetic curves of the 
earth, whilst the other is relatively at rest. This 
is a repetition of the wire experiment (171), 
but with worse conductors. Still there is every 
reason to believe that electric currents do run 
in the general direction of the circuit described, 
either one way or the other, according as the 
passage of the waters is up or down the chan- 
nd. Where the lateral extent of the moving 
water is enormously increased, it does not seem 
improbable that the effect should become sen^ 
sible; and the gulf stream may thus, perhaps, 
from electric currents moving across it, by 
magneto-electric induction from the earth, ex- 
ert a sensible influence upon the forms of the 
lines of magnetic variation.^ 

191. Though positive results have not yet 
been obtained by the action of the earth upon 
water and aqueous fluids, yet, as the experi- 
ments are very limited in their extent, and ajs 
such fluids do yield the current by artificial 
magnets (23), (for transference of the current 

* Theoretically, even a shi^ or a boat when passing 
on the surface of the water, in northern or southern 
latitudes, should have currents of electricity running 
through it directly across the line of her motion; or u 
the water is flowing past the ship at anchor, srolar 
currents should occur. 
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within itself In coi^ 
quetioe of its diumal rotation, is still hijg^ly 
probable (222, 223) ; and when it is conddered 
that the moving masses extend for thousands 
of miles across the magnate curves, cutting 
them in various directions within its mass, as 
wsU as at the surface, it is possible the elec- 
tricity may rise to considerable intensity. 

192. 1 hardly dare venture, even in the most 
hypothetical form, to ask whether the Aurora 
^realis and Australis may not be the dis- 
charge of electricity, thus urged towards the 
poles of the earth, from whence it is endeav- 
ouring to return by natural and appointed 
means above the earth to the equatorial reg- 
ions. The non-occurrence of it in very high lat- 
itudes is not at all against the supposition; and 
it is remarkable that Mr. Fox, who observed 
the deflections of the magnetic needle at Fal- 
mouth, by the Aurora Borealis, gives that di- 
rection of it which perfectly agrees with the 
present view. Hestates that all the variations at 
ni^t were towards the east,^ and this is what 
w^d happen if electric currents were setting 
from south to north in the earth under the 
needle, or from north to south in space above it. 

$ 6. General Remarke and lUaetratione of the 
Farce and Directionof MagneUheleclric Induction 
> 193. In the repetition and variation of Ara- 
gons experiment by Messrs. Babbage, Herschel, 
and Kirris, these philosophers directed their 
attention to the deferences of force observed 
amongst the metals and other substances in 
their action on the magnet. These differences 
wwe very great,* and me to hope that by 
mechanical combinations of various metals im- 
portant results might be obtained (183). The 
.Rowing experiments were therefore made, 
wkb a view to obtain, if possible, any such dif- 
Imnce of the action of two metals. 

^ 19^ A piece of soft iron bonnet-wire covered 
with cotton was laid bare and cleaned at one 
extremity, and there fastened by metallic con- 
tact witli the dean end of a copper wire. Both 
wires were then twisted together like the 
etoands of a rope, for eighteen or twenty in- 
dm; and the iwaining parts being made to 
4hvm:ge, tlidr connected with 

j^Wires of the ^vanometer. The iron wire 
; ^ about two feet long, the continuation to 
galvanmneter b^ag eopp^. 

'.»FJIut<nophieal TrofuadUont, 1831, p. 202. 
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each other x^whdebiit at themrtreodt^^ #eie 
then passed betwe^ the poles Of a powerful 
magnet arranged horse-shoe fadnon (FI; til, 
Fiff> 3); but not the slightest effect was ob- 
served at the galvanometer, although the ar- 
rangement seemed fitted to show any dectne- 
al difference between the two metals relative 
to the action cd the magnet. 

196. A soft iron cylinder was then covered 
with paper at the middle part, and the twisted 
portion of the above compound wire coiled as 
a spiral around it, the connexion with the gal- 
vanometer still being made at the ends A and 
B. The iron cylinder was then brought in con- 
tact with* the poles of a powerful magnet cap- 
able of raising thirty pounds; yet no signs of 
electricity appeared at the galvanometer. Ev- 
ery precaution was applied in maldng and 
breaking contact to accumulate effect, but no 
indications of a current could be obtained. 

197. Copper and tin, copper and zinc, tin 
and zinc, tin and iron, and zinc and iron, were 
tried against each other in a similar manner 
(194), but not the slightest sign of electric cur- 
rents could be procured. 

198. Two flat spirals, one of copper and the 
other of iron, containing each eighteen inches 
of wire, were connected with each other and 
with the galvanometer, and then put face to 
face so as to be in contrary directions. When 
brought up to the magnetic pole (53), no elec- 
trical indications at the galvanometer were ob- 
served. When one waa turned round so that 
both were in the same direction, the effect at 
the galvanometer Was very powerful. 

199. The compound helix of copper and iron 
wire formerly described (8) was arranged as a 
double helix, one of the helices being all iron 
and containing two hundred and fourteen feet, 
the other aU copper and containing two hun- 
dred and eight feet. The two similar mids A A 
of the copper and iron helix were connected to- 
gether, and the other ends B B of each helix 
connected with the galvanometer; so that when 
a magnet was introduced into the centre of the 
arrangement, the induced currents in the iron 
and copper would tend to proceed in contrary 
directions. Yet when a magnet ww inserted, 
or a soft iron bar witlun made a maghet by 
contact with poles, no effect at the ne^le was 
produced. 

200. A glass tube about fourte^ inches Icmg 
was filled with strong sulphuric add. Twelve 
inches of the end of a dean copper wire were 
bent up into a bundle and inserted into i2ie 





tabe» do as to malEe good oiperfioial oootact 
wi^ the add, and the rest of the wire passed 
abng ihe outside of the tube and away to the 
galvanometer. A wire similarly bent up at the 
extremity was immersed in the other end of 
the sulphuric acid, and also connected with the 
galvanometer, so that the acid and copper wire 
were in the same parallel relation to each other 
in this experiment as iron and copper were in 
the first (194). When this arrangement was 
passed in a similar manner between the poles 
of the magnet, not the slightest effect at the 
galvanometer could be perceived. 

201. From these experiments it would ap- 
pear, that when metals of different kinds con- 
nect^ in one circuit are equally subject in ev- 
ery circumstance to magneto-electric induc- 
tion, they exhibit exactly equal powers with 
respect to the currents which either are formed, 
or tend to form, in them. The same even ap- 
pears to be the case with regard to fluids, and 
probably all other substances. 

202. Still it seemed impossible that these re- 
sults could indicate the relative inductive pow- 
er of the magnet upon the different metals; for 
that the effect should be in some relation to the 
conducting power seemed a necessary conse- 
quence (139), and the influence of rotating 
plates upon magnets had been found to bear a 
general relation to the conducting power of the 
substance used. 

203. In the experiments of rotation (81), the 
electric current is excited and discharge in the 
same substance, be it a good or bad conductor; 
but in the experiments just described the cur- 
rent excited in iron could not be transmitted 
but through the copper, and that excited in 
copper had to pass through iron : i. e. supposing 
currents of dissimilar strength to be formed in 
the metals proportionate to their conducting 
power, the stronger current had to pass throu^ 
the worst conductor, and the weaker current 
through the best. 

2^. Experiments were therefore made in 
which different metalsinsulated fromeachether 
wem passed between tihe pdes of the magnet, 
their opposite ends being connected with the 
same end ctf tihe galvanometer wire, so that the 
currents formed and led away to the galvanom- 
eter i^ould oppose each other; and when con- 
siderable leng^ of d^erent wires used, 
feeble defiec&ins were obtained. 

20S. iPo bbtak perfediy satidactory results 
s* new f^vancanetor was ecmstructed, consist^ 
irSependent edl^ each containing 
^ighteen lset pf wire. These coils 


were exilctl^ alike b chape and ntmiber of 
turns, and were fixed side iy Side with a smaB 
interval between them, in whidi a double mei^ 
die could be hung by a fibre of silk exactly as in 
the former instrument (87). The coals may be 
distinguished by the letters K L, and vrim 
electrical currents were sent through them in 
the same direction, acted upon the needle whh 
the sum of their powers; when in opposite di- 
rections, with the difference of their powers. 

206. The compound helix (199, 8) was now 
cozmected, the ends A and B of the iron with 
A and B ends of galvanometer coil K, and the 
ends A and B of the copper with B and A ends 
of galvanometer coil L, so that the currents ex- 
cited in the two hchces should pass in opposite 
directions through the coils K and L. On intro- 
ducing a small cylinder magnet within the hel- 
ices, the galvanometer ne^le was powerfully 
deflected. On disuniting the iron helix, the magr 
net caused with the copper helix alone still 
stronger deflection in the same direction. Onre^ 
uniting the iron helix, and unconnecting 
copper helix, the magnet caused a moderate 
deflection in the contrary direction. Thus it 
was evident that the electric current induced 
by a magnet in a copper wire was far more 
powerful than the current induced by the same 
magnet in an equal iron wire. 

207. To prevent any error that mi^t arise 
from the greater influence, from vicinity or 
other circumstances, of one coil on the needle 
beyond that of the other, the iron and copper 
terminations were diang^ relative to the 
vanometer coils K L, so that the one whidb be- 
fore carried the current from the copper now 
conveyed that from the iron, and vice versa. 
But the same striking superiority of the copper 
was manifested as before. This precaution ww 
taken in the rest of the experiments with other 
metals to be described. 

1 then bad wires of iron, rine, coppery tin^ 
and lead, drawn to the same diameter (very 
nearly one-twentieth of an inch), and I com»r 
pared exactly eqttid lengths, namely rixtem' 
feet, of each in pairs in the Mowing manner: 
The ends of tim copper wire were 
with the ends A and B of galvanometer 
E, and the ends of the idno wire with ths 
minations A and B df the gjrivanometer 
The nuddle part of each wire was then ooiled 
m times round a cylinder of soft 
with paper, long enough to conneet tm poibBi 
of DanieU’s faone-dboe magnet (M) (H. Ill, 
Fig. 4), so that siinilar helkw of copper wad 
sine, each of edx turns, Burrounded bar at 
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two places equidistant from each other and 213. These results tend to prove that the cur« 


from the poles of the magnet: but these hdioes 
were purposely arranged so as to be in contrary 
directions, and therefore send contrary cur- 
rents throu^ the galvanometer coils K and L. 

209. On making and breaking contact be- 
tween the soft iron bar and the poles of the 
magnet, the galvanometer was strongly affect- 
ed; on detaching the zinc it was still more 
strongly affected in the same direction. On tak- 
ing all the precautions before alluded to (207), 
with others, it was abundantly proved that 
the current induced by the magnet in copper 
was far more powerful than in zinc. 

210. The copper was then compared in a sim- 
ilar manner with tin, lead, and iron, and sur- 
passed them all, even more than it did zinc. 
The zinc was then compared experimentally 
with the tin, lead, and iron, and found to pro- 
duce a more powerful current than any of 
them. Iron in the same manner proved supe- 
rior to tin and lead. Tin came next, and lead 
the last. 

211. Thus the order of these metals is cop- 
per, zinc, iron, tin, and lead. It is exactly their 
order with respect to conducting power for 
electricity, and, with the exception of iron, is 
the order presented by the magneto-rotation 
experiments of Messrs. Babbage, Herschel, 
Harris, &c. The iron has additional power in 
the latter kind of experiments, because of its 
ordinary magnetic relations, and its place rela- 
tive to magneto-electric action of the kind now 
under investigation cannot be ascertained by 
such trials. In the manner above described it 
may be correctly ascertained.^ 

212. It must still be observed that in these 
experiments the whole effect between different 
metals is not obtained; for of the thirty-four 
feet of wire included in each circuit, eighteen 
feet are copper in both, being the wire of the 
galvanometer coils; and as the whole circuit is 
concerned in the resulting force of the current, 
this circumstance must tend to diminish the 
difference which would appear between the 
metals if the circuits were of the same sub- 
stances throughout. In the present case the 
difference obtained is probably not more than 
a half of that which would be given if ihe whole 
of each circuit were of one metal. 

^ Mr. Christie, who being appointed reporter upon 
pfU>er, had it in his hands beiore it was complete, 
Mt the difficulty (202); and to satisfy his mind, 
€Hq>eriment8 upon iron and copper with the 
Ifim miignet (44), and came to the same conclusions 
as. I have arrived at. The two sets of experiments 
wiWe' perleotly independent of each other, neither of 
aware of the other’s proceedings. 


rents produced by magneto-electric induction 
in bodies is proportional to their conducting 
power. That they are exadly proportional to 
and altogether dependent upon the conducting 
power, is, I think, proved by the perfect neu- 
trality displayed when two metals or other 
substances, as acid, water, &c. Ac. (201, 186), 
are opposed to each other in their action. The 
feeble current which tends to be produced in 
the worse conductor, has its transmission fav- 
oured in the better conductor, and the strong- 
er current which tends to form in the latter has 
its intensity diminished by the obstruction of 
the former; and the forces of genwation and 
obstruction are so perfectly balancea as to neu- 
tralize each other exactly. Now as the obstruc- 
tion is inversely as the conducting power, the 
tendency to generate a current must be direct- 
ly as that power to produce this perfect equi- 
librium. 

214. The cause of the equality of action un- 
der the various circumstances described, where 
great extent of wire (183) or wire and water 
(184) were connected together, which yet pro- 
duced such different effects upon the magnet, 
is now evident and simple. 

216. The effects of a rotating substance upon 
a needle or magnet ought, where ordinary mag- 
netism has no influence, to be directly as the 
conducting power of the substance: and I ven- 
ture now to predict that such will be found to 
be the case; and that in all those instances 
where non-conductors have been supposed to 
exhibit this peculiar inftuence, the motion has 
been due to some interfering cause of an ordi- 
nary kind; as mechanical communication of 
motion through the parts of the apparatus, or 
otherwise (as in the case Mr. Harris has point- 
ed out)‘; or else to ordinary magnetic attrac- 
tions. To distinguish the effects of the latter 
from those of the induced electric currents, I 
have been able to devise a most perfect test, 
which shall be almost immediately described 
(243). 

216. There is every reason to believe that 
the magnet or magnetic needle .will become an 
excellent measurer of the conducting power of 
substances rotated near it; for I have found by 
careful experiment, that when a constant cur- 
rent of electricity was sent successively through 
a series of wires of copper, platina, zinc, silver, 
lead, and tin, drawn to the same diameW; the 
deflection of the needle was exactly equal by 
them all. It must be remembered that when 

* Ph&oiophiedl 1881, p. 68. 
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bodies ate rotated in a hcMrisontal plane, tibe 220. Tliat the metal of the magnet ita^ 


magnetism of the earth is active upon them. 
As ^e effect is general to the whole of the plate^ 
it may not interfere in these cases; but in some 
experiments and calculations may be of im- 
portant consequence. 

217. Another point which I endeavoured to 
ascertain, was, whether it was essential or not 
that the moving part of the wire should, in cut- 
ting the magnetic curves, pass into positions of 
greater or lesser magnetic force; or whether, 
always intersecting curves of equal magnetic 
intensity, the mere motion was sufficient for 
the production of the current. That the latter 
is true has been proved already in several of 
the experiments on terrestrial magneto-electric 
induction. Thus the electricity evolved from 
the copper plate (149), the currents produced 
in the rotating globe (161, &c.), and those pass- 
ing through the moving wire (171), are all pro- 
duced under circumstances in which the mag- 
netic force could not but be the same during 
the whole experiments. 

218. To prove the point with an ordinary 
magnet, a copper disc was cemented upon the 
end of a cylinder magnet, with paper interven- 
ing ; the magnet and disc were rotated together, 
and collectors (attached to the galvanometer) 
brought in contact with the circumference and 
the central part of the copper plate. The gal- 
vanometer needle moved as in former cases, 
and the direction of motion was the some as 
that which would have resulted, if the copper 
only had revolved, and the magnet been fixed. 
Neither was there any apparent difference in 
the quantity of deflection. Hence, rotating the 
magnet causes no difference in the results; for 
a rotatory and a stationary magnet produce 
the same effect upon the moving copper. 

219. A copper cylinder, closed at one extrem- 
ity, was then put over the magnet, one half of 
which it inclosed like a cap ; it was firmly fixed, 
and prevented from touching the magnet any- 
where by interposed paper. The arrangement 
was then floated in a narrow jar of mercury, so 
that the lower edge of the copper cylinder 
touched the fluid metal; one wire of the galva- 
nometer dipped into this mercury, and the other 
into a little cavity in the centre of the end of 
the copper cap. Upon rotating the magnet and 
its attached cylinder, abundance of electricity 
passed through the galvanometer, and in the 
same direction as if the cylinder had rotate 
only, the magnet being still. The results there- 
fore were the same as Aosewith the disc (218). 


mi^t be substituted for the moving cylinder, 
disc, or wire, seemed an inevitable consequence, 
and yet one which would exhibit the effects of 
magneto-electric induction in a striking form. 
A cylinder magnet had therefore a little hole 
made in the centre of each end to receive a drop 
of mercury, and was then floated pole upwards 
in the same metal, contained in a narrow jar. 
One wire from the galvanometer dipped into 
the mercury of the jar, and the other into the 
drop contained in the hole at the upper extrem- 
ity of the axis. The magnet was then revolved 
by a piece of string passed round it, and the 
galvanometer-needle immediately indicated a 
powerful current of electricity. On reversing 
the order of rotation, the electrical current was 
reversed. The direction of the electricity was 
the same as if the copper cylinder (219) or a 
copper wire had revolved round the fixed mag- 
net in the same direction as that which the 
magnet itself had followed. Thus a eingvJUxr inr 
dependence of the magnetism and the bar in 
which it resides is rendered evident. 

221. In the above experiment the mercury 
reached about half way up the magnet; but 
when its quantity was increased until within 
one-eighth of an inch of the top, or diminished 
until equally near the bottom, still the same ef- 
fects and the same direction of electrical cur- 
rent was obtained. But in those extreme pro- 
portions the effects did not appear so strong as 
when the surface of the mercury was about the 
middle, or between that and an inch from each 
end. The magnet was eight inches and a half 
long, and three-quarters of an inch in diameter. 

222. Upon inversion of the magnet, and caus- 
ing rotation in the same direction, i.e., alwa 3 rs 
screw or always unscrew, then a contrary cur- 
rent of electricity was produced. But when tiie 
motion of the magnet was continued in a direc- 
tion constant in relation to its own axis^ then 
electricity of the same kind was collected at 
both poles, and the opposite electricity at the 
equator, or in its nei^bourhood, or in the parts 
corresponding to it. If the magnet be held paiw 
allel to the axis of the earth, with its unmarked 
pole directed to the pole star, and then rotated 
so that the parts at its southern side pass from 
west to east in conformity to the motion of the 
earth; then positive electricity may be edileet- 
ed at the extremities of the magnet, and xiegstr 
tive electricity at or about the midcfie of its 
mass. 

223. When the galvanomet^ was tery sensi- 
ble, ttrai mere spinning of the magniet in the idr, 
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iHaSeit (me of the galYaaometo wiros iotmhed 
tibe eitferemlty, end the other the eqiiatoriat 
ii^iRifficient to evolve a current of deo^ 
and deflect the needle. 

224^ ExperimmitB were then made with a 
eiznilar magnet) for the purpose of ascertaining 
whether any return of the electric current could 
occur at the central or axial parts, they having 
the Same angular velocity of rotation as the 
other parts (259) ; the bdief being that it could 
not. 

225. A cylinder magnet, seven inches in 
length, and three quarters of an inch in diam- 
eter, had a hole pierced in the direction of its 
axis from one extremity, a quarter of an inch 
ha' diameter, and three inches deep. A copper 
cylinder, surrounded by paper and arn^a- 
mated at both extremities, was introduced so 
as to be in metallic contact at the bottom of 
the hole, by a little mercury, with the middle 
of the magnet; insulated at the sides by the 
paper; and projecting about a quarter of an 
inch above the end of the steel. A quill was put 
over the copper rod, which reached to the pa- 
per, and formed a cup to receive mercury for 
the completion of the circuit. A high paper 
edge was also raised round that end of the mag- 
net and mercury put within it, which however 
had no metallic connexion with that in the 
quill, except through the magnet itself and the 
copper rod (PI. Ill, Fig. 5). The wires A and B 
from the galvanometer were dipped into these 

portions of mercury; any current through 
them could, therefore, only pass down 
ixmgnet towards its equatorial parts, and then 
up the copper rod; or vice versa. 

226. When thus arran^d and rotated screw 
ffluduon, the marked end of the galvanometer 
needle w^t west, indicating that there was a 
current throu^ the instrument from A to B 
and consequently from B through the magnet 
and copper rod to A {Fig. 6). 

‘ ' i2Sf^ The magnet was then put into a jar of 
(PI. Ill, Fig. 6) as before (219); the 
Wire A Irft in contact wi& the copper axis, but 
file Wire B dipped in the mercury of the jar, 
pgA &kWSote in metallic communication with 
equatoriai parts of the magnet instead of 
its polar extremity* On revolving the ma^et 
fafi^km, galvanometer needle was de- 
flirted in the same direction as before, but far 
mm pomdvSiy. Yet it is evident that tibe 
iMUis of the magnet Irom Ihe equator to the 
were out of the dectric circuit. 

|"826. Then the wire A was connected with 
£e mercury on the mctremity of the magnet^ 


wire B stiB wilthtiuil 

in the jar (H* Ul^ F^ig, f), so that the copper 
Olds wasaltogether out of the ciieint* Themag- 
net was again revdved screw fashloB, and again 
caused the same deflection of the needle^ the 
current being as strong as it was in thelast trial 
(227), and much stronger than at first (226). 

229. Hence it is evid^t that there is no dii^ 
charge of the current at the centre of the mag- 
net, for the current, now freely evolved, is up 
through the maipaet; but in the first experi- 
ment (226) it was down. In fact, at that time, 
it was only the part of the moving metal equal 
to a little disc extending from the end of the 
wire B in the mercury to the wire A that was 
efficient; moving with a differ^t angular 
velocity to the rest of the circuit (25e) ; and for 
that portion the direction of the current is con- 
sistent with the other results. 

230. Id the two after experiments, t!^e UUerat 

parts of the magnet or of the coppervrod are 
those which move relative to the other ^rts of 
the circuit, i.e., the galvanometer wires; and 
being more extensive, intersecting more curves, 
or moving with more velocity, produce the 
greater effect. For the discal part, the direction 
of the induced electric current is the same in 
all, namely, from the circumference towards 
the centre. } 

231. The law under which the induced elecs 
trie current excited in bodies moving relatively 
to magnets, is made dependent on the intersec- 
tion of the magnetic curves by the metal (114) 
being thus rendered more precise and definite 
(217, 220, 224), seem now even to apply to the 
cause in the first section of the former paper 
(26) ; and by rendering a perfect reason for the 
effects produced, take away any for supposing 
that peculiar condition, which 1 ventured to 
call the electro-tonic state (60). 

232. When an electrical current is passed 
through a wire, that wire is surrounded at ev- 
ery part by magnetic curves, diminishing in in- 
tensity according to their distance from the 
wire, and which in idea may be likened to rings 
situated in planes perpendicular to the wire pr 
rather to the electric current within it These 
curves, although different in form» are perfect- 
ly analogous to those existing ^ween two 
contrary magnetic poles oppos^ to each other; 
and when a second wire, parallel to that which 
carries the current, is n^e to approach the 
latter (18), it pams throu^ maginetio curves 
exactly of the same kind as those it wc^ild in- 
tersect yrhm earned between 
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n6ticfN>m (109) inotie direolioni titdaai^i^ 
cedes from &e indudng wire, it cets tibe curves 
around it in the same manner that it would do 
those between the same poles if moved in the 
other direction. 

233. If the wire N P (PI. HI, Fig. 11) have 
an dectrio current pass^ through it in the di« 
rection from P to N, then the dotted ring may 
represent a magnetic curve round it, and it is 
in such a direction that if small magnetic nee- 
dles be placed as tangents to it, they will be- 
come arranged as in the figure, n and s indicat- 
ing north and south ends (44 note). 

234. But if the current of electricity were 
made to cease for a while, and magnetic poles 
were used instead to give direction to the nee- 
dles, and make them take the same position as 
when under the influence of the, current, then 
they must be arranged as at PI. Ill, Fig. IS; 
the marked and unmarked poles a 6 above the 
wire, being in opposite directions to those a' V 
below. In such a position therefore the magnetic 
curves between the poles a h and a' V have the 
same general direction with the correspond- 
ing parts of the ring magnetic curve surround- 
ing the wire N P carrying an electric current. 

235. If the second wire p n {fig. 11) be now 
brou^t towards the principal wire, carrying a 
current, it will cut an infinity of magnetic 
curves, similar in direction to tl^t figured, and 
consequently similar in direction to those be< 
tween the poles a 6 of the magnets {Fig. IB)^ 
and it will intersect these current curves in the 
same manner as it would the magnet curves, if 
it passed from above between the poles down- 
wards. Now, such an intersection would, with 
the magnets, induce an electric current in the 
wire from p to n (114); and therefore as the 
curves are alike in arrangement, the same ef- 
fect ought to result from the intersection of the 
magnetic curves dependent on the current in 
the wire N P; and such is the case, for on ap- 
prorimation the induced current is in the op- 
posite direction to the principal current (19). 

236. If the wire p' n' be carried up from be- 
low, it will pass in the opposite direction be- 
tween the magnetic poles; but then also the 
magnetic poles th^o^ves are reversed {Fig. 
lB)t and t^ induced current is therefore (114) 
still in the same direction as before. It is also, 
for equdly suffici^t and evident reasons, in 
the same direction, if produced by tite influ- 
ence of tile curves dej^dmt upon the wire. 

237. When the seo(md wireis retained at rest 

in the Vkam^y of ike principal wire, no emrmt 
is induced H, fen it isintmeeting no 


mystic curves. When Wh removed from the 
principal wire, it intersects the curves in the 
opposite direction to what it did before <^> ; 
and a curr^t in tiie opposite direction b 
duced, which therefore corresponds with the 
direction ot the principal current (19). The 
same dSfeet would take place if by inverting 
the direction of motion of the wire in passi^ 
between either set of poles {Fig. IB), it wm 
made to intersect the curves there existixig in 
the opposite direction to what it did before. 

238. In the first experiments (10, 13), the in- 
ducing wire and that under induction were ar- 
ranged at a fixed distance from each other, and 
then an electric current sent throu^ the f(^ 
mer. In such cases the magnetic curves them- 
selves must be considered as moving (if I may 
use the expression) across the wire under ihr, 
duction, from the moment at which they begin 
to be devdoped until the magnetic force of tiie 
current is at its utmost; expanding as it were 
from the wire outwards, and consequently be- 
ing in the same relation to the fixed wire under 
induction as if it had moved in the opposite di- 
rection across them, or towards the wire carry- 
ing the current. Hence the first current induced 
in such cases was in the contrary direction to 
the principal cuirait (17, 235). On breaking 
the battery contact, themagneticcurves (which 
are mere expressions for arranged magnetic 
forces) may be conceived as contracting upon 
and returning towards the failing electrical 
current, and therefore move in the opporite di- 
rection across the wire, and cause an opposite 
induced current to the first. 

239. When, in experiments with ordinary 
magnets, the latter, in place of being moved 
past the wires, were actually made near them 
(27, 36), then a similar progressive develop- 
ment of the magnetic curves may be consider^ 
as having taken place, producing the effects 
which would have occurred by motion of tiie 
wires in one direction; the destruction of the 
magnetic power corresponds to the motion of 
the wire in the opposite direction. 

240. If, instead of intersecting the magnet 
curves of a straight wire carrying a currez^ ^ 
appiorimatingoriwiovingasecondwireCS^ 
a revolving plate be used, being placed 
purpose near the wire, and , as it werei^ a^oi^ 
the magnetic curves, &enit ought to 
tinuous electric currents induct wit]^ii:;ifW 
if a line joiitinj; the wire with the imti^ 

{date were perpendicular to both« tiMSi the 
duced cuimt ought to he^.acKxiiiv^ 

law (114), directly across fom gm 



akJO FARADAY Sots U 


sids to the other, and at light angles to the di- 
reetidn of the inducing current. 

241. A single metalHc wire one-twentieth of 
an inch in diameter had an electric current 
passed through it, and a small copper disc one 
inch and a half in diameter revolved near to 
and under, but not in actual contact with it 
(PI. Ill, Fig, 10), Collectors were then applied 
at the opposite edges of the disc, and wires 
from them connected with the galvanometer. 
As the disc revolved in one direction, the nee- 
dle was deflected on one side; and when the 
direction of revolution was reversed, the nee- 
dle was inclined on the other side, in accord- 
ance with the results anticipated. 

242. Thus the reasons which induce me to 
suppose a particular state in the wire (60) have 
disappeared; and though it still seems to me 
unlikely that a wire at rest in the neighbour- 
hood of another carrying a powerful electric 
current is entirely indifferent to it, yet I am 
not aware of any distinct /octe which authorize 
the conclusion that it is in a particular state. 

243. In considering the nature of the cause 
assigned in these papers to account for the mu- 
tual influence of magnets and moving metals 
(120), and comparing it with that heretofore 
admitted, namely, the induction of a feeble 
magnetism like that produced in iron, it oc- 
curred to me that a most decisive experimental 
test of the two views could be applied (215). 

244. No other known power has like direction 
with that exerted between an electric current 
and a magnetic pole; it is tangential, while all 
Other forces, acting at a distance, are direct. 
Hence, if a magnetic pole on one side of a re- 
volving plate follow its course by reason of its 
Obedience to the tangential force exerted upon 
it by the very current of electricity which it 
hi^ itself caused, a similar pole on the opposite 
nde of the plate should immediately set it free 
from this force; for the currents which tend to 
be formed by the action of the two poles are in 
opposite directions; or rather no current tends 
to be fortned, or no magnetic curves are inter- 
sected (114); and therefore the magnet should 
femaih at r^. On the contrary, if the action of 
a north magnedo pole were to produce a south- 
ness in the nearest part of the copper plate, 
and a diffuse northness elsewhere (82), as is 
teally the case with iron; then the use of an- 
'diher north pole on the opposite side of the 
a^mopart of the plate should double the effect 

,,testead Of destroying it, and double the ten- 
Ide^O^Olthefirstmagnettomove with the plate. 


245. A thick copper plate (85) was therefore 
fixed on a vertical axis, a bar magnet was sus- 
pended by a plaited silk cord, so that its mark- 
ed pole hung over the edge of the plate, and a 
sheet of paper being interposed, the plate was 
revolved ; immediately the magnetic pole obey- 
ed its motion and passed off in the same direc- 
tion. A second magnet of equal size and strength 
was then attached to the fimt, so that its mark- 
ed pole should hang beneath the edge of the 
copper plate in a corresponding position to that 
above, and at an equal distance (PI. Ill, Fig, 

8) , Then a paper sheath or screen being inter- 
posed as before, and the plate revolved, the 
poles were found entirely indifferent io its mo- 
tion, although either of them alone would have 
followed the course of rotation. \ 

246. On turning one magnet round! so that 
opposite poles were on each side of the plate, 
then the mutual action of the poles apd the 
moving metal was a maximum. 

247. On suspending one magnet so that its 
axis was level with the plate, and either pole 
opposite its edge, the revolution of the plate 
caused no motion of the magnet. The electrical 
currents dependent upon induction would now 
tend to be produced in a vertical direction 
across the thickness of the plate, but coi<ld not 
be so discharged, or at least only to so slight a 
degree as to leave all effects insensible; but 
ordinary magnetic induction, or that on an 
iron plate, would be equally if not more pow- 
erfully developed in such a position (251). 

248. Then, with regard to the production of 
electricity in these cases : whenever motion was 
communicated by the plate to the magnets, 
currents existed; when it was not communicat- 
ed, they ceased. A marked pole of a large bar 
magnet was put under the edge of the plate; 
collectors (86) applied at the axis and edge of 
the plate as on former occasions (PI. Ill, Fig^ 

9) f and these connected with the galvanom- 
eter; when the plate was revolved, abundance 
of electricity passed to the instrument. The un- 
marked pole of a similar magnet was then put 
over the place of the former pole, so that con- 
trary poles were above and below; on revolv- 
ing the plate, the electricity was more power- 
ful than before. The latter magnet was then 
turned end for end, so that marked poles were 
both above and below the plate, and then, up- 
on revolving it, scarcely any electricity was 
procured. By adjusting the distanceof the poles 
so as to correspond with their relative force, 
they at last were brought so perfectly to neu- 
traUze each other’s inductive action upon the 
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plate that no eleeiricity could be obtained with 
the most rapid motion. 

249. 1 now proceeded to compare the effect 
of similar and dissimilar poles upon iron and 
copper, adopting for the purpose Mr. Sturg- 
eon’s very useful form of Arago’s experiment. 
This consists in a circular plate of metal sup- 
ported in a vertical plane by a horisontal axis, 
and weighted a little at one edge or rendered 
eccentric so as to vibrate like a pendulum. The 
poles of the magnet# are applied near the side 
and edges of these plates, and then the num- 
ber of vibrations, required to reduce the vi- 
brating arc a certain constant quantity, noted. 
In the first description of this instrument^ it is 
said that opposite poles produced the greatest 
retarding effect, and similar poles none; and 
yet within a page of the place the effect is con- 
sidered as of the same kind with that produced 
in iron. 

250. 1 had two such plates mounted, one of 
copper, one of iron. The copper plate alone 
gave sixty vibrations, in the average of several 
experiments, before the arc of vibration was 
reduced from one constant mark to another. 
On placing opposite magnetic poles near to, 
and on each side of, the same place, the vibra- 
tions were reduced to fifteen. On putting sim- 
ilar poles on each side of it, they rose to fifty; 
and on placing two pieces of wood of equal size 
with the poles equally near, they became fifty- 
two. So that, when similar poles were used, the 
magnetic effect was little or none, (the obstruc- 
tion being due to the confinement of the air, 
rather), whilst with opposite poles it was the 
greatest possible. When a pole was presented to 
the edge of the plate, no retardation occurred. 

251. The iron plate alone made thirty-two 
vibrations, whilst the arc of vibration diminish- 
ed a certain quantity. On presenting a magnet- 
ic pole to the edge of the plate (247), the vibra- 
tions were diminished to eleven; and when the 
pole was about half aninch from the edge, to five. 

252. When the marked pole was put at the 
side of the iron plate at a certain distance, the 
number of vibrations was only five. When the 
marked pole of the second bar was put on the 
opposite side of the plate at the same distance 
(2^), the vibrations were reduced to two. But 
when the second pole was an unmarked one, 
yet occupying exactly the same position, the 
vibrations rose to twenty-two. By removing 
the stronger of these two opposite poles a little 
way from the plate, the vibrations increased to 
thirty-one, or nearly the original number. But 

> Bdm. FkU, Journal, 1825, p. 124. 


on r^oving it aUogethet^ they fell to between 
five and six. 

253. Nothing can be more clear, therefore, 
than that with iron, and bodies netting of 
ordinary magnetic induction, opposite poles on 
opposite sides of the edge of the plate neutral- 
ize each other’s effect, whilst similar poles exalt 
the action; a single pole end on is also sufficient. 
But with copper, and substances not sensible 
to ordinary magnetic impressions, sindlar poles 
on opposite sides of the plate neutralize each 
other* opposite poles exalt the action; and a 
single pole at the edge or end on does nothing. 

254. Nothing can more completely show t^ 
thorough independence of the effects obtained 
with the metals by Arago, and those due to ord- 
inary magnetic forces; and henceforth, there- 
fore, the application of two poles to various 
moving substances will, if they appear at afi 
magnetically affected, afford a proof of the na- 
ture of that affection. If opposite poles produce 
a greater effect than one pole, the result will be 
due to electric currents. If similar poles pro- 
duce more effect than one, then the power is 
not electrical; it is not like that active in the 
metals and carbon when they are moving, and 
in most cases will probably be found to be not 
even magnetical, but the result of irregular 
causes not anticipated and consequently not 
guarded against. 

255. The result of these investigations tends 
to show that there are really but very few bod- 
ies that are magnetic in the manner of iron. I 
have often sought for indications of this power 
in the common metals and other substances; 
and once in illustration of Arago’s objection 
(82), and in hopes of ascertaining the existence 
of currents in metals by the momentary ap- 
proach of a magnet, suspended a disc of copper 
by a single fibre of silk in an excellent vacuum, 
and approximated powerful magnets on the 
outside of the jar, making them approach and 
recede in unison with a pendulum that vibrat- 
ed as the disc would do: but no motion could 
be obtained; not merely, no indication of ordi- 
nary magnetic powers, but none of any dectfic 
current occasioned in the metal by the approx- 
imation and recession of the magnet. I 

fore venture to arrange substances in threi^ 
classes as regards their relation to magnet^; 
first, those which are affected when at r^, Uto 
iron, nickel, &c., being such as possesaordinary 
magnetic properties; then, those which are af? 
fected when in motion, being conductors ol 
electricity in which are produced electric. ctd^ 
rents by ^e inductive force of the magnet ; aodl 
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tbqae: wMeh mm ped^y imdifim^i to 
tisfi magneti wJie&er at rest or in mo^ 

21^. Although it wiU requm furtbor reseaiehy 
and pFpbaUy close investigation, both ei^r- 
hnentai and mathematical, before the exact 
mode of action between a magnet and metal 
moving relatively to each other is ascertained; 
yet many of the resultsappear sufficiently clear 
and shnple to allow of expression in a some- 
Vrhat general manner. If a terminated wire 
move so as to cut a magnetic curve, a power is 
called into action which tends to urge an dec- 
tric current through it; but this current cannot 
be brought into existence unless provision be 
made at the ends of the wire for its discharge 
and renewal. 

2$7. If a second wire move in the same direc- 
tion as Ibe first, the same power is exerted up- 
<m it, and it is therefore unable to alter the 
obndition of the first: for there appear to be no 
natural differences among substances when 
connected in a series, by which, when moving 
undm* the same circumstances relative to the 
magnet, one tends to produce a more powerful 
telectric current in the whole circuit than an- 
other (201, 214). 

258. But if the second wire move with a dif- 
ferent velocity, or in some other direction, then 
variations in the force exerted take place; and 
if connected at their extremities, an electric 
current passes through them. 

259. Taking, then, a mass of metal or an 
endless wire, and referring to the pole of the 
magnet as a centre of action (which though 
perhaps not strictly correct may be allowed for 
lacitity of expression, at present), if ail parts 
move in the same direction, and with the same 


angular vdoeity,:«^d thmui^ magnetio curves 
of constant intensity, node^c cumnts 
are produced . This point is earily observed with 
masses subject to the earth’s magnetism, and 
may be proved with regard to small magnets; 
by rotating them, and leaving the metallic ar- 
rangements stationary, no current is produced. 

260. If one part of the wire or me^ cut the 
magnetic curves, whilst the other is stationary, 
then currents are produced. All the results ob- 
tained with the gfiilvanon^ter are more or less 
of this nature, the galvanometer extremity be- 
ing the fixed part. Even those with the wire, 
galvanometer, and earth (170), may be con- 
sidered sa without any error in the ^ult. 

261. If the motion of the metall be in the 
same direction, but the angular velocity of its 
parts relative to the pole of the mamet differ- 
ent, then currents are produced. This is the 
case in Arago’s experiment, and al^) in the 
wire subject to the earth’s induction (172), 
when it was moved from west to east. 

262. If the magnet moves not directly to or 
from the arrangement, but laterally, then the 
case is similar to the last. 

263. If different parts move in opposite di- 
rections across the magnetic curves, then the 
effect is a maximum for equal velocitieip. 

264. All these in fact are variations ^of one 
simple condition, namely, that all parts of the 
mass shall not move in the same direction 
across the curves, and with the same angular ve- 
locity. But they are forms of expression which, 
being retained in the mind, 1 have found useful 
when comparing the consistency of partioidar 
phenomena with general results. 

Royal Imtituidon, December 21. 1831 
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I 7. IdentUff ef EkdtricHiu DermdSrom Dif- 
fermtSoureu . 

The {wogrem ot electrical researches 
I haveltad 1^.i^noar to present to the 
Society, broa^lhtineto a pwnt at Which 
essential for tlto prosecution of 

.inqipiies that no doubt should remain pf 
.hjeotiiy or dstmetfam of cdectrioitieB ex* 


cited by different means. It is perfectly true 
that Cavendish, ‘ Wollaston,* CoUadon,* and 
others, have in svccesskm removed some the 
greatest objecthms to the acknowledgement of 
ihe idmitity of . common, animal and voltaic 

» ww. 2 Wm., me. p. 196 . 

»/&«., 1801, u. 484. 

• AnnaUe de Chimie, 1826, p. 62, ACr 
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electncity , aad I beliiBVQ 
cotisidar these electricities as really the same. 
But on the other hand it is also true that the 
accuracy of Wollaston^s experiments has been 
denied;^ and also that one of them, which real- 
ly is no proper proof of chemical decomposition 
by common electricity (309, 327), has been 
that selected by several experimenters as the 
test of chemical action (336, 346). It is a fact, 
too, that many philosophers are still dmwing 
distinctions between the electricities from dif- 
ferent sources; or at least doubting whether 
their identity is proved. Sir Humphry Davy, 
for instance, in his paper on the Torpedo,* 
thought it probable that animal electricity 
would be found of a peculiar kind; and refer- 
ring to it, to common electricity, voltaic elec- 
tricity and magnetism, has said, ^‘Distinctions 
might be established in pursuing the various 
modifications or properties of electricity in 
these different forms, &c.^' Indeed I need only 
refer to the last volume of the Philosophical 
Transactions to show that the question is by no 
means considered as settled.* 


1 PhU, Transit 1832. p. 282. note. 

* PhU. Trans., 1829. p. 17. ^'Common electricity is 
excited upon non-conductors, and is readily carried 
off by conductors and imperfect conductors. Voltaic 
electricity is excited upon combinations of perfect 
and imperfect conductors, and is only transmitted 
by perfect conductors or imperfect conductors of the 
best kind. Magnetism, if it be a form of electricity, 
belongs only to perfect conductors; and, in its mod- 
ifications. to a peculiar class of them.* Animal elec- 
tricity resides only in the imperfect conductors form- 
ing the organs of living animals, dec.'* 

* Dr. Ritchie has shown this is not the case. PhU. 
Trans., 1832. p. 294. 

> PhU. Trans., 1832. p. 259. Dr. Davy, in making 
experiments on the ton^o. obtains effects the same 
as those produced by common and voltaic electric- 
ity. and says that in its magnetic and chemical pow- 
er it does not seem to be essentially peculiar, — p. 
274; but he then says. p. 275. there are other points 
of difference; and after referring to them, adds, 
**How are these differences to be explained? Do they 
admit of explanation similar to that advanced by 
Mr. Cavendish in his theory of the torpedo: or may 
we suppose, according to the analog of the solar 
ray. wat the eleotricm power, whewer excited by 
the common machine, or by the voltaic battery, or 
by the torpedo, is not a simple power, but a oomln- 
nation of powers, which may occur variously assoc- 
iated, and produce all the varieties of ^ectrici^ with 
which we are acauainted?" 

At p. 279 of the same volume of TfansaOUonis la 
Dr. l^tohiB's paper, from which the foUowiiig are 
extracts: “Common electricity is diffused over the 
Mrface of the metal; — ^voltaic electricity exists with- 
in^ metal. Free deotrioity is conducted over Ihe 
surface of the thinnest gold leaf as effectually sa over 
a mass of metal having the same 8urfaee;^Yoltaic 
rieoixioity requires tldt»ness of metal for its eonduo- 
tion.“ p. 280: and again, “The suimesed analofy be- 
common and voltaic electrioity, which Wis so 
sage^ teaeed after the invention of the pile, com- 
P^t^ faUs in this ease, which was fhouipit to afford 
the most iirtdkittg resemblanoe.'’ p. Ii91. 


266. NotwHbstoudiiig, thei^ 
impression of the identity of diectricities, it is 
evident that the proofs have not been sufficimit- 
ly clear and distinct to obtain the assent of idl 
those who were competent to consider tiie sub- 
ject ; and the question seemed to me ymr much 
in the condition of that which Sir H. Davy, 
solved so beautifully— namely, whether voltat^ ' 
ic electricity in all cases merely eliminated, or ' 
did not in some actually produce, the acid and 
alkali found after its action upon water. The 
same necessity that urged him to decide the 
doubtful point, which interfered with the ex- 
tension of his views, and destroyed the strict- 
ness of his reasoning, has obliged me to ascer- 
tain the identity or difference of common and 
voltaic electricity. I have satisfied myself that 
they are identical, and I hope the experiments 
which I have to offer and the proofs flowing 
from them, will be found worthy the attention 
of the Royal Society. 

267. The various phenomena exhibited by 
electricity may, for the purposes of compari- 
son, be arrang^ under two heads; namely, 
those connect^ with electricity of tension, and 
those belonging to electricity in motion. This 
distinction is taken at present not as philosoph- 
ical, but merely as convenient. The effect of 
electricity of tension, at rest, is either attrac- 
tion or repulsion at sensible distances. The af- 
fects of electricity in motion or electrical cur- 
rents may be considered as 1st, evolution of 
heat; 2nd, magnetism; 3rd, chemical decom- 
position; 4th, physiological phenomena; 5th, 
spark. It will be my object to compare elec- 
tricities from different sources, and especially 
common and voltaic electricities, by their pow- 
er of producing these effects. 

1. VolUric EledrieUy 

268. Tension. When a voltaic battery of 100 
pairs of plates has its extremities examined by 
the ordinary electrometer, it is well known tlmt 
they are found positive and negative, the gofal 
leaves at the same extremity repelling each 
other, the gold leaves at different extremities 
attracting each other, even when half an mik 
or more of air intervenes. 

260. That ordinary electricity is dischai^d 
by points with facility through air: that it is 
readily transmitted through hi^y raided tw, 
and also throus^ heated air, as for instance a 
flame; b due to its high tension. I bou|^ 
tiierefcM, for rimilar effects in the disdiarge eff 
voltaic electiicity, nemg as a test of the paa- 
sage of the electricity dither the gsdvanometer 
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or chemical action produced by the arrange- 
ment hereafter to be described (312, 316). 

270. The voltaic battery I had at my dis- 
posal consisted of 140 pairs of plates four inches 
square, with double coppers. It was insulated 
throughout, and diverged a gold leaf electrom- 
eter about one-third of an inch. On endeavour- 
ing to discharge this battery by delicate points 
very nicely arranged and approximated, either 
in the air or in an exhausted receiver, I could 
obtain no indications of a current, either by 
magnetic or chemical action. In this, however, 
was found no point of discordance between 
voltaic and common electricity: for when a 
Leyden battery (291) was charged so as to de- 
flect the gold leaf electrometer to the same de- 
gree, the points were found equally unable to 
discharge it with such effect as to produce eith- 
er magnetic or chemical action. This was not 
because common electricity could not produce 
both these effects (307, 310), but because when 
of such low intensity the quantity required to 
make the effects visible (being enormously 
great (371, 375),) could not be transmitted in 
any reasonable time. In conjunction with the 
other proofs of identity hereafter to be given, 
these effects of points also prove identity in- 
stead of difference between voltaic and com- 
mon electricity. 

271. As heated air discharges common elec- 
tricity with far greater facility than points, I 
hoi3ed that voltaic electricity might in this way 
also be discharged. An apparatus was there- 
fore constructed (PI. IV, Fig» 5), in which A B 
is an insulated glass rod upon which two cop- 
per wires, C, D, are fixed firmly: to these wires 
are soldered two pieces of fine platina wire, the 
ends of which are brought very close to each 
other at e, but without touching; the copper 
wire C was connected with the positive pole of 
a voltaic battery, and the wire D with a de- 
composing apparatus (312, 316), from which 
the communication was completed to the neg- 
ative pole of the battery. In these experiments 
only two troughs, or twenty pairs of plates, 
were used. 

272. Whilst in the state described, no de- 
composition took place at the point a, but when 
the side of a spirit-lamp flame was applied to 
the two platina extremities at e, so as to make 
them bright red-hot, decomposition occurred; 
iodine soon appeared at the point a, and the 
transfei’ence of electricity through the heated 
air was established. On raising the temperature 
of the points e by a blowpipe, the discharge was 
rende^d stdii more free, and decomposition 


took place instantly. On removing the source 
of heat, the current immediately ceased. On 
putting the ends of the wires very close by the 
side of and parallel to each other, but not touch- 
ing, the effects were perhaps more readily ob- 
tained than before. On using a larger voltaic 
battery (270), they were also more freely ob- 
tained. 

273. On removing the decomposing appara- 
tus and interposing a galvanometer instead, 
heating the points e as the needle would swing 
one way, and removing the heat during the 
time of its return (302), feeble deflections were 
soon obtained: thus also proving the current 
through heated air; but the instrument used 
was not so sensible under the circumstances as 
chemical action. 

274. These effects, not hitherto known or ex- 
pected under this form, are only cases of the 
discharge which takes place through air be- 
tween the charcoal terminations of the poles of 
a powerful battery, when they are gradually 
separated after contact. Then the passage is 
through heated air exactly as with common 
electricity, and Sir H. Davy has recorded that 
with the original battery of the Royal Institu- 
tion this discharge passed through a space of 
at least four inches.^ In the exhausted receiver 
the electricity would strike through nearly half 
an inch of space, and the combined effects of 
rarefaction and heat were such upon the in- 
closed air as to enable it to conduct the elec- 
tricity through a space of six or seven inches. 

275. The instantaneous charge of a Leyden 
battery by the poles of a voltaic apparatus is 
another proof of the tension, and also the quan- 
tity, of electricity evolved by the latter. Sir H. 
Davy says,* ‘‘When the two conductors from 
the ends of the combination were connected 
with a Ijeyden battery, one with the internal, 
the other with the external coating, the bat- 
tery instantly became charged; and on remov- 
ing the wires and making the })roper connex- 
ions, either a shock or a spark could be per- 
ceived: and the least possible time of contact 
was sufficient to renew the charge to its full in- 
tensity.” 

276. In Motion; i. Ewlution of Heal, The ev- 
olution of heat in wires and fluids by the voltaic 
current is matter of general notoriety. 

277« ii. Magnetism, No fact is better known 
to philosophers than the power of the voltaic 
current to deflect the magnetic needle, and to 
make magnets according to certorn Vms; and 

1 EUmenHs of Chemical PMLosophgt P* 163. 
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jiO!iefre(^ caBbeBioi^ of aooleotrio 

a 1 current. 

< 27ft. Hi. CAemtco! jDecompoaAion. The chezur 
ieal powa« of the voltaic current, and their 
subjection to oertoin laws, are also perfectly 
.^11 known. 

279. iv. Physiological Effects. The power of 
the voltaic current, when strong, to shock and 
oonvulse the whole animal ssrstem, and when 
weak to affect the tongue and the eyes, is very 
-diaracteristic. 

2ft0. V. Spark. The brilliant star of light pro- 
duced by the discharge of a voltaic battery is 
known to all as the most beautiful light that 
man can produce by art. 

281. That these effects may be almost infin- 
itely varied, some being exalted whilst others 
are diminished, is universally acknowledged; 
^d yet without any doubt of the identity of 
diaracter of the voltaic currents thus nmde to 
differ in their effect. The beautiful explication of 
these variations afforded by Cavendish’s theory 
of quantity and intensity requires no support 
at present, as it is not supposed to be doubted. 

282. In consequence of ^e comparisons that 
will hereafter arise between wires carrying vol- 
taic and ordinary electricities, and also because 
of certain views of the condition of a wire or 
any other conducting substance connecting the 
poles of a voltaic apparatus, it will be necessary 
to give some definite expression of what is 
called the voltaic current, in contradistinction 
to any supposed peculiar state of arrangement, 
not progressive, which the wire or the electric- 
ity within it may be supposed to assume. If 
two voltaic troughs P N, jP' N', PI. IV, Fig. i, 
be symmetrically arrang^ and insulated, and 
the ^ds N P’ connected by a wire, over which 
,a magnetic needle is suspended, the wire will 
escort no effect over the needle; but immediate- 
ly that the ends P N' are connected by another 
wire^ the needle will be deflected, and will re- 
mam so as long as the circuit is complete. Now 
if the troui^s merely act by causing a peculiar 
armngement in the wire either of its particles 
or its electricity, that arrangement constitut- 
ing its electrical and magnetic state, then the 
fvrire N P^ should be in a similar state of ar- 
langmient b^ore P and N' were connected, to 
. wh^ it is afterwards, and should have defiect- 
'.ad the needle, although less powerfully, per- 

to one-half the extent wUch would result 
;|rb^ the communicatioii is complete through* 

But if the magnetic effects depend upon a 
. cuz^i, then it is evidmt why they could not 


be produced in before the circuit 

was complete; because prior to that no cmrrent 
could exist. 

283. By current, I mean anything progres- 
sive, whether it be a fluid of electricity, or two 
fluids moving in opposite directions, or merely 
vibrations, or, speaking still more generally, 
progressive forces. By arrangement^ 1 under* 
stand a local adjustment of particles, or fluids, 
or forces, not progressive. Many other reasons 
might be urged in support of the view of a cur- 
rent rather than an arrangement^ but I am anx- 
ious to avoid stating unnecessarily what will 
occur to others at the moment. 

II. Ordinary EledricUy I 

284. By ordinary electricity I understand 
that which can be obtained from the common 
machine, or from the atmosphere, or by pres- 
sure, or cleavage of crystals, or by a multitude 
of other operations; its distinctive character 
being that of great intensity, and the exertion 
of attractive and repulsive powers, not merely 
at sensible but at considerable distances. 

285. Tension. The attractions and repulsions 
at sensible distances, caused by ordinary elec- 
tricity, are well known to be so powerful in 
certain cases, as to surpass, almost infinitely, 
the similar phenomena produced by electricity 
otherwise excited. But still those attractions 
and repulsions are exactly of the same nature 
as those already referred to under the head 
Tension, VoUaic electricity (268) ; and the dif- 
ference in degree between them is not greater 
than often occurs between cases of ordinary 
electricity only. I think it will be unnecessiiry 
to enter minutely into the proofs of the iden- 
tity of this character in the two instances. They 
are abundant; are generally admitted as good; 
and lie upon the surface of the subject: and 
whenever in other parts of the comparison I am 
about to draw, a similar case occurs, I shall 
content myself with a mere announcement of 
the similarity, enlarging only upon those parts 
where the great question of distinction or iden- 
tity still exists. 

286. The discharge of common electricity 
through heated air is a well-known fact. The 
paraUel case of voltaic electricity has already 
been described (272, &o.). 

287. In M^aion. i. Evolution of Seat. The 
heating power of common electricity, when 
passed tb^oq^ wires or other substances, is 
perfectly well known. The accordance between 
it and voltaic etectrieity is in this respect com- 
plete. Mr. Bmk im constructed and dcscrib- 
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ed* a very beautiful aasdeeotibkkstnmien^ oii 
this imntiple, in which the heat produced in a 
wire by the discharge of a smdl portion of 
coimnon diectricity is readily shown, and to 
which I shall have occasion to refer for experi- 
mental proofin a future part of this paper (344). 

288. ii. Magnetism. Voltaic electricity has 
most extraordinary and exalted magnetic pow- 
ers. If common electricity be identical with it, 
it ought to have the same powers. In rendering 
needles or bars magnetic, it is found to agree 
with voltaic electricity, and the direction of the 
magnetism, in both cases, is the same; but in 
deflecting the magnetic needle, common elec- 
tricity has been found deficient, so that some- 
times its power has been denied altogether, 
and at other times distinctions have been hy- 
pothetically assumed for the purpose of avoid- 
ing the difficulty.* 

289. M. Colladon, of Geneva, considered that 
the difference might be due to the use of insuf- 
ficient quantities of common electricity in all 
the experiments before made on this head; and 
in a Mimoire read to the Acad4mie des Sci- 
ences in 1 826,* describes experiments, in which, 
by the use of a battery, points, and a delicate 
galvanometer, he succe^ed in obtaining de- 
flections, and thus establishing identity in that 
respect. MM. Arago, Ampfere, and Savary, are 
mentioned in the paper as having witnessed a 
successful repetition of the experiments. But 
as no other one has come forward in confirma- 
tion, MM. Arago, Ampere, and Savary, not 
having themselves published (that 1 am aware 
of) their admission of the results, and as some 
have not been able to obtain them, M. Colla- 
don’sconclusionshavebeenoccasionallydoubt- 
ed or denied ; and an important point with me 
was to establish their accuracy, or remove thm 
entirely from the body of received experiment- 
al research. I am happy to say that my results 
fully confirm those by M. Colladon, and I 
should have had no occasion to describe them, 
but that they are essential as proofs of the ac- 
curacy of the final and general conclusions I 
am enabled to dratir respecting the magnetic 
and chemical action of electricity (360, 366, 
367, 877, 4c.). 

290. The plate electrical machine I have used 
is fifty inches in diameter; it has two sets of 
rubbm; its prime conductor consists of two 

^ ^ Philceqjphical Transadiona, 1827, p. 18. Edinr 
^rgh TramaeHom^ 1831, Hatris on a New Eiee- 
trom^r^'^e. die. 

* Dmonferrand's ManwH d'dedrieUS dynamigiM, 

p. m: 

• Anmke de XXXUl p. 62 . 


b]^cyli3^ti« connected by a third, the whole 
l^gth bring twrive feet, and the surlace in 
contact with air about 1422 square indbes. 
When in good excitation, one revolution ci tiie 
plate will give ten or twelve sparks from the 
conductors, each an inch in length. Sparks or 
flashes from ten to fourteen inches in leng& 
may easily be drawn from the conductors. Each 
turn of the machine, when worked moderate- 
ly, occupies about ^ths of a second. 

291. The electric battery consisted of fifteen 
equal jars. They are coated eight inches up- 
wards from the bottom, and are twenty-three 
inches in circumference, so that each contains 
one hundred and eighty-four square inches of 
glass, coated on both sides; this is independent 
of the bottoms, which are of thicker glass, and 
contain each about fifty square inches. 

292. A good discharging train was arranged 
by connecting metallically a sufficiently tUck 
wire with the metallic gas pipes of the house, 
with the metallic gas pipes belonging to the 
public gas works of London; and also with the 
metallic water pipes of London. It was so ef- 
fectual in its office as to carry off instantan- 
eously electricity of the feeblest tension, even 
that of a single voltaic trough, and was essen- 
tial to many of the experiments. 

293. The galvanometer was one or the other 
of those formerly described (87, 205), but the 
glass jar covering it and supporting the needle 
was coated inside and outside with tinfoil, and 
the upper part (left uncoated, that the motions 
of the needle might be examined), was covered 
with a frame of wirework, having numerous 
sharp 'points projecting from it. When this 
frame and the two coatings were connected 
with the discharging train (292), an insulated 
point or ball, connected with the machine when 
most active, might be brought within an inch 
of any part of the galvanometer, yet without 
affecting the needle within by ordinary elec- 
trical attraction or repulsion, 

294. In connexion witii tiiese precautions, it 
may be necessary to state that the needle at 
tbegalvanometeris very liable to have its mag- 
netic power deranged, diminished, or evai 
verted by the passage of a shock throu^ t)ie 
instrum^t. If the needle be at all obliq^i isa 
the wrong direction, to the coils of the 
nometer when the shock passes, effects 

kind are sure to happen. ' ^ 

295. It was to tile retarding power of bad 

conductoih^, with tiie intention of dbnintdting 
its without altering tto thet 

I first looked with tiie hope oi faring to 
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n^e common eteetricity assume more of the 
characters and power of voltaic electricity, than 
it is usually supposed to have. 

296. The coating and armour of the galvar 
nometer were first connected with the discharg- 
ing train (292) ; the end B (87) of the galva- 
nometer wire was connected with the outside 
coating of the battery, and then both these 
with the discharging train; the end A of the 
galvanometer wire was connected with a dis- 
charging rod by a wet thread four feet long; 
and finally, when the battery (291) had been 
positively charged by about forty turns of the 
machine, it was discharged by the rod and the 
thread through the galvanometer. The needle 
immediately moved. 

297. During the time that the needle com- 
pleted its vibration in the first direction and 
returned, the machine was worked, and the 
battery recharged; and when the needle in vi- 
brating resumed its first direction, the dis- 
charge was again made through the galvanom- 
eter. By repeating this action a few times, the 
vibrations soon extended to above 40® on each 
side of the line of rest. 

298. This effect could be obtained at pleas- 
ure. Nor was it varied, apparently, either in di- 
rection or degree, by using a short thick string, 
or even four short thick strings in place of the 
long fine thread. With a more delicate galva- 
nometer, an excellent swing of the needle could 
be obtained by one discharge of the battery. 

299. On reversing the galvanometer com- 
munications so as to pass the discharge through 
from B to A, the needle was equally well de- 
flected, but in the opposite direction. 

300. The deflections were in the same direc- 
tion as if a voltaic current had been passed 
through the galvanometer, i.e., the positively 
charged surface of the electric battery coincid- 
ed with the positive end of the voltaic appara- 
tus (268), and the negative surface of the for- 
mer with the negative end of the latter. 

301. The battery was then thrown out of 
use, and the communications so arranged that 
the current could be passed from the prime 
conductor, by the discharging rod held against 
it, through the wet string, through the galva- 
nometer coil, and into the discharging train 
(292), by which it was finally dispersed. This 
current coiild be stopped at any moment, by 
removing the discharging rod, and either stop- 
png the machine or connecting the prime con- 

, ^U^r^by another rod with the discharging 
tri^; Md could be as instantly renewed. TIm 
tieeifle was so adjusted, that whilst vibrating 
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in moderate and small arcs, it required time 
equal to twenty-five beats of a watch to pass 
in one direction through the arc, and of course 
an equal time to pass in the other direction. 

302. Thus arranged, and the needle being 
stationary, the current, direct from the ma- 
chine, was sent through the galvanometer for 
twenty-five beats, then interrupted for other 
twenty-five beats, renewed for twenty-five 
beats more, again interrupted for an equal time, 
and so on continually. The needle soon began to 
vibrate visibly, and after several alternations 
of this kind, the vibration increased to 40® or 
more. 

303. On-^changing the direction of /the cur- 

rent through the galvanometer, the direction 
of the deflection of the needle was also changed. 
In all cases the motion of the needle wm in di- 
rection the same as that caused either by the 
use of the electric battery or a voltaic \trougb 
(300). \ 

304. 1 now rejected the wet string, and sub- 
stituted a copper wire, so that the electricity 
of the machine passed at once into wires com- 
municating directly with the discharging train, 
the galvanometer coil being one of the wires 
used for the discharge. The effects were exactly 
those obtained above (302). 

305. Instead of passing the electricitythi’ough 
the system, by bringing the discharging rod at 
the end of it into contact with the conductor, 
four points were fixed on to the rod; when the 
current was to pass, they were held about 
twelve inches from the conductor, and when it 
was not to pass, they were turned away. Then 
operating as before (302), except with this var- 
iation, the needle was soon powerfully deflect- 
ed, and in perfect consistency with the former 
results. Points afforded the means by which 
Colladon, in all cases, made his discharges. 

306. Finally, I passed the electricity first 
through an exhausted receiver, so as to make 
it there resemble the aurora borealis, and then 
through the galvanometer to the earth; and it 
was found still effective in deflecting the nee- 
dle, and apparently with the same force as be- 
fore. 

307. From all these experiments, it appears 
that a current of common electricity, whether 
transmitted through water or metal, or rare- 
fied air, or by means of points in common air, 
is still able to deflect the needle; the only requi- 
site being, apparently, to allow time for its ac- 
tion: that it is, in fact, just as magnetic in ev- 
ery respect as a voltaic current, and that in 
this character therefore no distibaction exists. 
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308. Imperfect conductors, as water, brine, 
acids, &c., &c., will be found far more conven- 
ient for exhibiting these effects than other 
modes of discharge, as by points or balls; for 
the former convert at once the charge of a 
powerful battery into a feeble spark discharge, 
or rather continuous current, and involve little 
or no risk of deranging the magnetism of the 
needles (294). 

309. iii. Chemicdl Decomposition, The chem- 
ical action of voltaic electricity is character- 
istic of that agent, but not more character- 
istic than are the laws under which the bodies 
evolved by decomposition arrange themselves 
at the poles. Dr. Wollaston showed^ that com- 
mon electricity resembled it in these effects, 
and “that they are both essentially the same’'; 
but he mingled with his proofs an experiment 
having a resemblance, and nothing more, to a 
case of voltaic decomposition, which however 
he himself partly distinguished; and this has 
been more frequently referred to by some, on 
the one bind, to prove the occurrence of elec- 
tro-chemical decomposition, like that of the 
pile, and by others to throw doubt upon the 
whole paper, than the more numerous and de- 
cisive experiments which he has detailed. 

310. 1 take the liberty of describing briefly 
my results, and of thus adding my testimony 
to that of Dr. Wollaston on the identity of 
voltaic and common electricity as to chemical 
action, not only tliat I may facilitate the rep- 
etition of the experiments, but also lead to some 
new consequences respecting electro-chemical 
decomposition (376, 377). 

311. 1 first repeated Wollaston's fourth ex- 
periment,* in which the ends of coated silver 
wires are inunersed in a drop of sulphate of cop- 
per. By passing the electricity of the machine 
throui^ such an arrangement, that end in the 
drop which received the electricity became 
coated with metallic copper. One hundred turns 
of the machine produced an evident effect; two 
hundred turns a very sensible one. The decom- 
posing action was however very feeble. Very 
little copper was precipitated, and no sensible 
trace of silver from the other pole appeared in 
the solution. 

312. A much more convenient and effectual 
arrangement for chemical decompositions by 
common electricity, is the following. Upon a 
glass plate, PI. IV, Fig, iy placed over, but 
raised above a piece of wbte paper, so that 
sbuiows may not interfere, put two pieces of 

> PhUOiovhieal TranaaetiOMt 1801, pp. 427, 484. 
iSoi, p.429. 


tinfoil o, b; connect one of these by an insulated 
wire c, or wire and string (801) with the ma- 
chine, and the other g, with the discharging 
train (292) or the negative conductor; provide 
two pieces of fine platina wire, bent as in PL 
IV, Fig, S, so that the part d, / shall be nearly 
upright, whilst the whole is resting on the three 
baring points p, 6, /; place these as in Fig, B; 
the points p, n then become the decomposing 
poles. In tbs way surfaces of contact, as mi- 
nute as possible, can be obtained at pleasure, 
and the connexion can be broken or renewed in 
a moment, and the substances acted upon ex- 
amined with the utmost facility. 

313. A coarse line was made on the glass 
with solution of sulphate of copper, and the ter- 
minations p and n put into it; the foil a was 
connected with the positive conductor of the 
machine by wire and wet string, so that no 
sparks passed: twenty turns of the machine 
caused the precipitation of so much copper on 
the end n, that it looked like copper wire; no 
apparent change took place at p. 

314. A mixture of equal parts of muriatic 
acid and water was rendered deep blue by sul- 
phate of indigo, and a large drop put on the 
glass. Fig, By so that p and n were immersed at 
opposite sides: a single turn of the machine 
showed bleaching effects round p, from evolved 
chlorine. After twenty revolutions no effect of 
the kind was visible at n, but so much chlorine 
had been set free at p, that when the drop was 
stirred the whole became colourless. 

315. A drop of solution of iodide of potassi- 
um mingled with starch was put into the same 
position at p and n; on turning the machine, 
iodine was evolved at p, but not at n. 

316. A still further improvement in this form 
of apparatus consists in wetting a piece of fil- 
tering paper in the solution to be experimented 
on, and placing that under the points p and n, 
on the glass: the paper retains the substance 
evolved at the point of evolution, by its white- 
ness renders any change of colour visible, and 
allows of the point of contact between it and 
the decomposing wires being contracted to the 
utmost degree. A piece of paper moistened in 
the solution of iodide of potassium and starch, 
or of the iodide alone, with certain precautions 
(322), is a most admirable test of electrochem- 
ical action; and when thus placed and acted 
upon by the electric current, will show iodme 
evolved at p by only half a turn of the.machine. 
With these adjustments and the use of iodide 
of potassium on paper, chemical action is smner 
times a jmore d^cate test of electrical currents 
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thaathe (273). Such cases oceor 

'when the bodies traversed by the current itre 
bad conductors, or when the quantity of eleo^ 
Mdty evolved or transmitted in a ^ven time 
is verysmaU. 

317« A piece of litmus paper moistened in so* 
lution of common salt or sulphate of soda, was 
quiddy reddened at p, A similar piece mois- 
tened in muriatic acid was very soon bleached 
at Pk No effects of a similar kind took place 
at n. 

318. A piece of turmeric paper moistened in 
solution of sulphate of soda was reddened at n 
by two or three turns of the machine, and in 
twenty or thirty turns plenty of alkali was 
there evolved. On turning the paper round, so 
that the spot came under p, and then working 
the machine, the alkali soon disappeared, the 
place became yellow, and a brown aUsialine spot 
appeared in the new part under n. 

319. On combining a piece of litmus with a 
piece of turmeric paper, wetting both with so- 
lution of sulphate of soda, and putting the pa- 
per on the glass, so that p was on the litmus 
and n on the turmeric, a very few turns of the 
machine sufficed to show the evolution of acid 
at the former and alkali at the latter, exactly in 
themanner effected by a volta-electric current. 

320. All these decompositions took place 
equally well, whether tibe electricity passed 
from the machine to the foil a, through water, 
or through wire only; by contact with the con- 
ductor, or by cparka there; provided the sparks 
were not so large as to cause the electricity to 
pass in sparks from p to n, or towards n; and I 
haveeeen no reason to believe that in cases of 
true electro-chemical decomposition by the ma- 
chine, the electricity passed in sparks from the 
ocmductor, or at any part of the current, is able 
to do more, because of its tension, than that 
which is made to pass merely as a regular cur- 
mt. 

. 321. finally, the experiment was extended 
into the following form, supplying in this case 
Ito fullest analogy betwe^ common and vol* 
tarn electricity. Ihree compound pieces of lit- 
mus imd turmeric paper (319) were moistened 
in solution of sulphate of soda, and arranged 
on a plate of glass with platina wires, as in PL 
IV, Fig. 4- The wire m was connected with the 
primecoi^uotorof Ihemaefaine, the wire< with 
discharging train, and the wires r and a en- 
teied into the course of the electrical current 
means of the pieces qf moistened paper; 
ime so bent as to rest each on three 
^ P* P* the points r and a being 


supported by the ghMSS, and the o&erd fay the 
papers; the three terminaticns p, p, p rested* 
on the litmus, and the other three n, n, n oh 
the turmeric paper. On working the machine 
for a short time only, acid was evolved at all 
the poles or terminations p, p, p, by which the 
electricity entered the solution, and alkali at 
the other poles n, n, n, by which the electricity 
left the solution. 

322. In all experiments of electro-chemical 
decomposition by the common machine and 
moistened papers (316), it is necessary to be 
aware of and to avoid the following important 
source of error. If a spark passes over moisten- 
ed litmus ^qd turmeric paper, the litmp paper 
(provided it be delicate and not too alkaline), 
is reddened by it; and if several sp^ks are 
passed, it becomes powerfully reddenea. If the 
electricity pass a little way from the wire over 
the surface of the moistened paper, b^ore it 
finds mass and moisture enough to conduct it, 
tiien the reddening extends as far as the ram- 
iffcations. If similar ramifications occur at the 
termination n, on the turmeric paper, they 
prevent the occurrence of the red spot due to 
the alkali, which would otherwise collect there: 
sparks or ramifications from the points n will 
also redden litmus paper. If paper moistened 
by a solution of iodide of potassium (which is 
an admirably delicate test of electro-chemical 
action), be exposed to the sparks or ramifica- 
tions, or even a feeble stream of electricity 
through the air from either the point p orn, io- 
dine will be immediately evolved, 

823. These effects must not be confounded 
with those due to the true electro-chemical 
powers of common electricity, and must be 
carefully avoided when the latter are to be ob- 
served. No sparks should be passed, therefore, 
in any part of the current, nor any increase of 
intensity allowed, by which the electricity may 
be induced to pass between the platina wires 
and the moistened papers, otherwise than 
conduction; for if it burst through the air, the 
effect refen^ to ^>ove (322) ensues. 

324. The effect itself is due to the formatioa 
of nitric acid by the combination of the oxygen 
and nitrogen of the air, and is, in fact, only a 
delicate repetition of (Davendish’s beautiful ex- 
periment. The add so formed, though small in 
quantity, is in a hi^ state of cono^trationas 
to water, and produces the consequent effedis 
of reddening the litmus paper; or preventing 
the exhibition of alkali on the tumeric paper; 
or^ by acting op the iodide of potassiiuuy evolv- 
ing iodine. 



By mmdtenmg n emafi of lit^ 
niuspap^ iii Bolutionof caustic potassa,* and 
then passing the deetric spark over its length 
in tiie air, I gradually neutralized the alkali, 
and ultimately rendered the paper red ; on dry- 
ing it, I found that nitrate of potassa had re- 
sulted from the operation, and that the paper 
had become touch-paper. 

826. Either litmus paper or white paper, 
moistened in a strong solution of iodide of po- 
tassium, offers therefore a very simple, beauti- 
ful,and ready meansof illustrating Cavendish’s 
experiment of the formation of nitric acid from 
the atmosphere. 

327. 1 have already had occasion to refer to 
an experiment (265, 309) made by Dr. Wollas- 
ton, which is insist^ upon too much, both by 
those who oppose and those who agree with the 
accuracy of his views respecting the identity of 
voltaic and ordinary electricity. By covering 
fine wires with glass or other insulating sub- 
stances, and then removing only so much mat- 
ter as to expose the point, or a section of the 
wires, and by passing electricity through two 
such wires the guarded points of which were 
immersed in water, Wollaston found that the 
water could be decomposed even by the current 
from the machine, without spar^, and that 
two streams of gas arose from the points, ex- 
actly resembling, in appearance, those pro- 
duced by voltaic electricity, and, like the lat- 
ter, giving a mixture of oxygen and hydrogen 
gases. But Dr. Wollaston himself points out 
that the effect is different from that of the vol- 
taic pile, inasmuch as both oxygen and hydro- 
gen are evolved from each pole; he calls it *‘a 
very close imitation of the galvanic phenom- 
ena,” but adds that “in fact the resemblance is 
not complete,” and does not trust to it to es- 
tablish the principles correctly laid down in 
his paper. 

328. This experiment is neither more nor less 
than a repetition, in a refined manner, of that 
made by Dr. Pearson in 1797,* and previously 
by MM. Paets Van Troostwyk and Deiman in 
1789 or earlier. Tliat the experiment should 
never be quoted as proving true electro-chem- 
ical decomposition, is sufficiently evident from 
the circumstance, that the law which regulates 
the transfeo'ence and final place of the evolved 
bodies (278, %)9) has no influence here. The 
water is decomposed at^both poles independ- 
ently of each otW, and tiie oxygen and hydro- 

^ Pofetaa eau«^ or causUc potash, now known 
as ik)tu8ittin bvdioxid6«*--'£Sn. 

» 4to. Vpl^ l,pp. 241, 299,349. 
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gen evdved at the wires are the dements d{ 

water existing tiie instant before in tiliose 
places. That the poles, or rather points, have 
no mutual decomposing dependence, may be 
shown by substituting a wire, or the finger, for 
one of them, a change which does not at all in- 
terfere with the other, though it stops all ac- 
tion at the changed pole. This fact may be ob- 
served by turning the machine for some time; 
for though bubbles will rise from the point left 
unaltered, in quantity sufficient to cover en- 
tirely the wire used for the other communica- 
tion, if they could be applied to it, yet not a 
single bubble will appear on that wire. 

329. When electro-chemical decomposition 
takes place, there is great reason to believe that 
the quantity of matter decomposed is not pro- 
portionate to the intensity, but to the quantity 
of electricity passed (320). Of this I shall be 
able to offer some proofs in a future part of this 
paper (376, 377). But in the experiment under 
consideration, this is not the case, if, with a 
constant pair of points, the electricity be 
passed from the machine in sparks, a certain 
proportion of gas is evolved; but if the sparks 
be rendered shorter, less gas is evolved; and if 
no sparks be passed, there is scarcely a sensible 
portion of gases set free. On substituting solu- 
tion of sulphate of soda for water, scarcely a 
sensible quantity of gas could be procured ev^ 
with powerful sparks, and nearly none with the 
mere current; yet the quantity of electricity 
in a given time was the same in all these cases. 

330. 1 do not intend to deny that with such 
an apparatus common electricity can decom- 
pose water in a manner analogous to that of 
the voltaic pile; 1 believe at present that it can. 
But when what I consider the true effect only 
was obtained, the quantity of gas given off was 
so small that I could not ascertmn whether it 
was, as it ought to be, oxygen at one wire and 
hydrogen at the other. Of the two streams one 
seemed more copious than the other, and on 
turning the apparatus round, BtUl the same side 
in relation to the machine gave the largest 
stream. On substituting solution of sulphate of 
soda for pure water (329), these minute streanun 
were still observed. But the quantities were so 
small, tliat on working the machine for half an 
hour I could not obtain at either pole a bubble 
of gas larger than a small grain of sand. If the 
conclusion which I have drawn (377) nelati&g 
to the amount of chemical action be eoirect, 
this oug^t to be the case. 

331. 1 have been the more anxious to asogn 
the true value of this expednmt as a test of 
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electro^diBZQieal action, because I shall have 
occasion to refer to it in coses of supposed chem- 
ical action by magneto-electric and other elec- 
tric currents (336, 346) and elsewhere. But, in- 
dependent of it, there cannot be now a doubt 
that Dr. Wollaston was right in his general con- 
clusion; and that voltaic and common electric- 
ity have powers of chemical decomposition, 
alike in their nature, and governed by the same 
law of arrangement. 

332. iv. Physiologicdl Effects. The power of 
the common electric current to shock and con- 
vulse the animal system, and when weak to af- 
fect the tongue and the eyes, may be considered 
as the same with the similar power of voltaic 
electricity, account being taken of the intensity 
of the one electricity and duration of the other. 
When a wet thread was interposed in the course 
of the current of common electricity from the 
battery (291) charged by eight or ten^ revolu- 
tions of the machine in good action (290), and 
the discharge made by platina spatulas through 
the tongue or the gums, the effect upon the 
tongue and eyes was exactly that of a momen- 
tary feeble voltaic circuit. 

333. V. Spark. The beautiful flash of light at- 
tending the discharge of common electricity is 
well known. It rivals in brilliancy, if it does not 
even very much surpass, the light from the dis- 
charge of voltaic electricity; but it endures for 
an instant only, and is attended by a sharp 
noise like that of a small explosion. Still no dif- 
ficulty can arise in recognising it to be the same 
spark as tliat from the voltaic battery, especi- 
ally under certain circumstances. The eye can- 
not distinguish the difference between a volta- 
ic and a common electricity spark, if they be 
taken between amalgamated surfaces of metal, 
at intervals only, and through the same dis- 
tance of air. 

334. When the Leyden battery (291) was dis- 
charged through a wet stringplaced in some part 
of the circuit away from the place where the 
spark was to pass, the spark was yellowish, 
^my, having a duration sensibly longer than 
if the water had not been interposed, was about 
three-fourths of an inch in length, was accompa- 
nied by little or no noise, and whilst losing part 
of its usual character had approximated in some 
degree to the voltaic spark. When the electricity 
retarded by water was discharged between 
l^eces of charcoal, it was exceedingly luminous 
and bright upon both surfaces of the charcoal, 
resembling the brightness of the voltaic dis- 

On such suriaces. When the discharge 
' * Or even from thirty to foTty. 


of the unretarded electricity was taken Upon 
charcoal, it was bright upon both the surfaces 
(in that respect resembling the voltaic spark), 
but the noise was loud, sharp, and ringing. 

335. I have assumed, in accordance, 1 be- 

lieve, with the opinion of every other philoso- 
pher, that atmospheric electricity is of the same 
nature with ordinary electricity (284), and I 
might therefore refer to certain published state- 
ments of chemical effects produced by the for- 
mer as proofs that the latter enjoys the power 
of decomposition in common with voltaic elec- 
tricity. But the comparison I am drawing is far 
too rigorous to allow me to use these statements 
without being fully assured of their Accuracy; 
yet I have no right to suppress them,l because, 
if accurate, they establish what I am labouring 
to put on an undoubted foundation, imd have 
priority to my results. \ 

336. M. Bonijol of Geneva^ is said io have 
constructed very delicate apparatus for the de- 
composition of water by common electricity. 
By connecting an insulated lightning rod with 
his apparatus, the decomposition of the water 
proceeded in a continuous and rapid manner 
even when the electricity of the atmosphere 
was not very powerful. The apparatus is not 
described; but as the diameter of the wire is 
mentioned as very small, it appears td have 
been similar in construction to that of Wollas- 
ton (327) ; and as that does not furnish a case 
of true polar electro-chemical decomposition 
(328), this result of M. Bonijol does not prove 
the identity in chemical action of common and 
voltaic electricity. 

337. At the same page of the Bihliothhque 
Universelle, M. Bonijol is said to have decom- 
posed potash, and also chloride of silver, by 
putting them into very narrow tubes and pass- 
ing electric sparks from an ordinary machine 
over them. It is evident that these offer no an- 
alogy to cases of true voltaic decomposition, 
where the electricity only decomposes when it 
is conducted by the body acted upon, and ceases 
to decompose, according to its ordinary laws, 
when it passes in sparks. These effects are prob- 
ably partly analogous to that which takes place 
with water in Pearson's or Wollaston's appara- 
tus, and may be due to very high temperature 
acting on minute portions of matter; or they 
may be connected with the results in air (322). 
As nitrogen can combine directly with oxygen 
under the influence of the electric spark (324), 
it is not impossible that it should even take it 
from the potassium of the potash, especially as 

^Bibliothkque UniteraeUe, 1880, Vol. XLV, p. 213 
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there would be plenty of potassa in contact 
with the acting particles to combine with the 
nitric acid formed. However distinct all these 
actions may be from true polar electro-chemical 
decompositions, they are still highly import- 
ant, and well-worthy of investigation. 

338. The late Mr. Barry communicated a pa- 
per to the Royal Society^ last year, so distinct 
in the details that it would seem at once to 
prove the identity in chemical action of com- 
mon and voltaic electricity; but, when exam- 
ined, considerable difficulty arises in reconcil- 
ing certain of the effects with the remainder. 
He used two tubes, each having a wire within 
it passing through the closed end, as is usual 
for voltaic decompositions. The tubes were fill- 
ed with solution of sulphate of soda, coloured 
with syrup of violets, and connected by a por- 
tion of the same solution, in the ordinary man- 
ner; the wire in one tube was connected by a 
gilt thread with the string of an insulated elec- 
trical kite, and the wire in the other tube by a 
similar gilt thread with the ground. Hydrogen 
soon appeared in the tube connected with the 
kite, and oxygen in the other, and in ten minutes 
the liquid in the first tube was green from the 
alkali evolved, and that in the other red from 
free acid produced. The only indication of the 
strength or intensity of the atmospheric elec- 
tricity is in the expi^ssion, “the usual shocks 
were felt on touching the string.” 

339. That the electricity in this case does not 
resemble that from any ordinary source of com- 
mon electricity is shown by several circum- 
stances. Wollaston could not effect the decom- 
position of water by such an arrangement, and 
obtain the gases in separate vessels, using com- 
mon electricity; nor have any of the numerous 
philosophers, who have employed such an ap- 
paratus, obtained any such decomposition, 
either of water or of a neutral salt, by the use 
of the machine. I have lately tried the large 
machine (290) in full action for a quarter of an 
hour, during which time seven hundred revo- 
lutions were made, without producing any sen- 
sible effects, although the shocks that it would 
then give must have been far more powerful 
and numerous than could have been taken, 
with any chance of safety, from an electrical 
kite-string; and by reference to the comparison 
hereafter to be made (371), it will be seen that 
for common electricity to have produced the 
effect, the quantity must have been awfully 
great, and apparently far more than could have 
been conduct to the earth by a gilt thread, 

^ nUasophiieal Transaetione, 1831, p. 163. 


and at the same time only have produced the 
“usual shocks,” 

340. That the electricity was apparently not 
analogous to voltaic electricity is evident, for 
the “usual shocks” only were produced, and 
nothing like the terrible sensation due to a vol- 
taic battery, even when it has a tension so fee- 
ble as not to strike through the eighth of an 
inch of air. 

341 . It seems just possible that the air which 
was passing by the Idte and string, being in an 
electrical state sufficient to produce the “usual 
shocks” only, could still, when the electricity 
was drawn off below, renew the charge, and so 
continue the current. The string was 1500 feet 
long, and contained two double threads. But 
when the enormous quantity which must have 
been thus collected is considered (371, 376), 
the explanation seems very doubtful. I charged 
a voltaic battery of twenty pairs of plates four 
inches square with double coppers very strong- 
ly, insulated it, connected its positive extrem- 
ity with the discharging train (292), and its 
negative pole with an apparatus like that of 
Mr. Barry, communicating by a wire inserted 
three inches into the wet soil of the ginund. 
This battery thus arranged produced feeble de- 
composing effects, as nearly as I could judge 
answering the description Mr. Barry has giv- 
en. Its intensity was, of course, far lower than 
the electricity of the kite-string, but the sup- 
ply of quantity from the discharging train was 
unlimited. It gave no shocks to compare with 
the “usual shocks” of a kite-string. 

342. Mr. Barry^s experiment is a very im- 
portant one to repeat and verify. If confirmed, 
it will be, as far as I am aware, the first record- 
ed case of true electro-chemical decomposition 
of water by common electricity, and it will sup- 
ply a form of electrical current, which, both in 
quantity and intensity, is exactly intermediate 
with those of the common electrical machine 
and the voltaic pile. 

III. MagmUhdedriciUy 

343. Tension. The attractions and repulsions 
due to the tension of ordinary electricity have 
been well observed with that evolved by mag- 
neto-electric induction. M, Pixii, by using an 
apparatus, clever in its construction and pbw- 
erful in its action,^ was able to obtain great di- 
vergence of the gold leaves of an electrometer.* 

344. InMotion: i. Evolutionof Sleat. TheiEmr- 
rent produced by magneto-electric induction 

* Annalea de Chimie, L, p. dSt2. 

LI, p. 77, 
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CM beat a wmin the mamer of ordmary eleo* 
tncity . At tfaie British Association of Science at 
Oxfoiti, in June of the present year, I had the 
pleasure, in conjunction with Mr. Harris, Pro- 
fessor Daniell, Mr. Duncan, and others, of mak- 
ing an experiment, for which the great magnet 
in, the museum, Mr. Harris’s new electrometer 
(287), and the magneto-electric coil described 
in my first paper (34), were put in requisition. 
The latter had been modified in the manner I 
have elsewhere described,^ so as to produce an 
electric spark when its contact with the mag- 
net was made or broken. The terminations of 
the spiral, adjusted so as to have their contact 
with each other broken when the spark was to 
pass, were connected with the wire in the elec- 
trometer, and it was found that each time the 
magnetic contact was made and broken,expan- 
sion of the air within the instrument occurred, 
-indicating an increase, at the moment, of the 
temperature of the wire. 

345. ii. MagneiUm, These currents were dis- 
covered by their magnetic power. 

346. iii. Chemical Decomposition. I have made 
many endeavours to effect chemical decompo- 
sition by magneto-electricity, but unavailing- 
ly. In July last I received an anonymous letter 
(which has since been published)^ describing a 
magneto-electric apparatus, by which the de- 
eomposition of water was effected. As the term 
^^guarded points” is used, I suppose the appa- 
ratus to have been Wollaston’s (327 &c.), in 
which case the results did not indicate polar 
electro-chemical decomposition. Signor Botto 
1^ recently published certain results which he 
has obtained;^ but they are, as at present de- 
scribed, inconclusive. Tlie apparatus he used 
was apparently that of Dr. Wollaston, which 
gives only fallacious indications (327, ^.). As 
magneto^ectricity can produce sparks, it 
wo^d be able to show the effects proper to this 
apparatus. The apparatus of M. Pixii already 
n^erred to (343) has however, in the hands of 
himsdf*and M. Hachette,^given decisive chem- 
ical results, so as to complete this link in the 
chain of evidence. Water was decomposed by 
it, and the .osygai and hydrogen obtained in 
separate tubes according to the law governing 
volta-dectric and machine-electric decomposi- 
tion. 

~ , 347. iv. Physiological Effedts, A frog was con- 


xFha. Mag, and Annah, 1832, Vol. XI p. 405. 
and JBdinb, Phil. Mag. and Joum., 1832, 


1882. Vd. I, p. 411. 
''4;4nnai« de p. 77. 
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vulsed in theeartiest expeiiciientB <m these eup- 
rents (56). The s^isation upon the tongue, and 
the flash before the eyes, which I at first ob- 
tained only in a feeble degree (56), have be^ 
since exalted by more powerful apparatus, so 
as to become even disagreeable. 

348. V. Spark. The feeble spark which I first 
obtained with these currents (32), has been 
varied and strengthened by Signori Nobili and 
Antinori, and others, so as to leave no doubt 
as to its identity with the common electric 
spark. 

IV. ThcTTno-ekctricity 

349. WJtb regard to thermo-electric^y, (that 
beautiful form of electricity discovered by See- 
beck), the very conditions under whick it is ex- 
cited are such as to give no ground fon expect- 
ing that it can be raised like common electric^ 
ity to any high degree of tension; the pffects, 
therefore, due to that state are not to^ ex- 
pected. The sum of evidence respecting its an- 
alogy to the electricities already described, is, I 
believe, as follows: — Tension. The attractions 
and repulsions due to a certain degree of tension 
have not been observed. In Currents: i. Evo- 
lution of Heat. I am not aware that its power of 
raising temperature has been observed, ii. Afa^- 
netism. It was discovered, and is best recog- 
nised, by its magnetic powers, iii. Chemical De- 
composition has not been effected by it. iv. 
Physiological Effects. Nobili has shown* that 
these currents are able to cause contractions in 
the limbs of a frog. v. Spark. The spark has not 
yet been seen. 

350. Only those effects are weak or deficient 
which depend upon a certain high degree of in- 
tensity; and if common electricity be reduced 
in that quality to a similar degree with the 
thermo-electricity, it can produce no effects be- 
yond the latter. 

V. Animal Electricity 

351 . After an examination of the experim^ts 
of Walsh, ^ Ingenhousz,* Cavendish,* Sir H. Da- 
vy, and Dr. Davy,^ no doubt remains on my 
mind as to the identity of the electricity of the 
torpedo with common and voltaic electricity; 
and I presume that so little will remain on the 
minds of others as to justify my refraining from 
entering at length into tiie philosophical proofs 
of that id^tity. The doubts raised by Sir H. 
Davy have been removed by his brother Dr. 

• BiHioMgMUnivendli,XXXVlhl&. 

• Phihsomicdl Transaetions, 1778, p. 461 

« im., 1775, p. 1. » Ibid., m29, p. 15. 

• Ibid., 1776, p; 196. a Ibid., 1832, m 
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Davyriliei’Milttf of <^Utter bdiig th« remse 
of those of the former. At present the sum of 
e^denoe is as follows: 

352. Tension. No sensible attractions or re- 
pulsions due to tension have been observed. 

363. In Motion: i. Evolution of Heal; not yet 
observed; I have little or no doubt that Har- 
rises electrometer would show it (287, 359). 

364. ii. Magnetism. Perfectly distinct. Ac- 
cording to Dr. Davy,* the current deflected the 
needle and made magnets under the same law, 
as to direction, which governs currents of ordi- 
nary and voltaic electricity. 

355. iii. Chemical Decomposition. Also dis- 
tinct; and though Dr. Davy used an apparatus 
of similar construction with that of Dr. Wol- 
laston (327), still no error in the present case is 
involved, for the decompositions were polar, 
and in their nature truly electro-chemical. By 
the direction of the magnet it was found that 
the under surface of the flsh was negative, and 
the upper positive; and in the chemical decom- 
positions, silver and lead were precipitated on 
the wire connected with the under surface, and 
not on the other; and when these wires were 
either steel or silver, in solution of common 
salt, gas (hydrogen?) rose from the negative 
wire, but none from the positive. 

356. Another reason for the decomposition 
being electro-chemical is, that a Wollaston^s 
apparatus constructed with wires^ coated by 
sealing-wax, would most probably not have de- 
composed water, even in its own peculiar way, 
unless the electricity had risen high enough in 
intensity to produce sparks in some part of the 
circuit; whereas the torpedo was not able to 
produce sensible sparks. A third reason is, that 
the purer the water in Wollaston's apparatus, 
the more abundant is the decomposition; and 
I have found that a machine and wire points 
which succeeded perfectly well with distilled 
water, failed altogether when the water was 
rendered a good conductor by sulphate of soda, 
common salt, or other saline bodies. But in Dr. 
Davy's experiments with the torpedo, strong 
solutions of salt, nitrate of silver, and super- 
acetate of lead were used successfully, and 
there is no doubt with more success than 
weak^ ernes. 

357. iv. Physiological Effects. These are so 
characteiistic, that by them the peculiar pow- 
ers of the torp^o and gymnotus are principal- 
ly recognised. 

368. V. Spark. The electric spark has not yet 
been obti^ed, or at leatt I think not; but per- 

* TrakHcMSMoar, 1832, p. m 


haps I had better refer to the evidence on this 
point. Humboldt, speaking of results obtained 
by M. Fahlberg, of Sweden, says, “This philos- 
opher has seen an electric spark, as Wateh and 
Ingenhousz had done belore him in London, by 
placing the gymnotus in the air, and interrupt- 
ing the conducting chain by two gold leaves 
pasted upon glass, and a line distant from each 
other."® I cannot, however, find any record of 
such an observation by either Walsh or Ingen- 
housz, and do not know where to refer to that 
by M. Fahlberg. M. Humboldt could not hiin- 
self perceive any luminous effect. 

Again, Sir John Leslie, in his dissertation on 
the progress of mathematical and physical sci- 
ence, prefixed to the seventh edition of the Etir 
cydopasdia Britannica (Edinb., 1830, p. 622), 
says, “From a healthy specimen" of iheSilurus 
electricuSy meaning rather the gymnotuSt “ex- 
hibited in London, vivid sparks were drawn in 
a darkened room" ; but he does not say he saw 
them himself, nor state who did see them; nor 
can I And any account of such a phenomenon; 
so that the statement is doubtful.* 

359. In concluding this summary of the pow- 
ers of torpedinal electricity, I cannot refrain 
from pointing out the enormous absolute quan- 
tity of electricity which the animal must put in 
circulation at each effort. It is doubtful wheth- 
er any common electrical machine has as yet 
been able to supply electricity sufficient in a 
reasonable time to cause true electro-chemical 
decomposition of water (330, 339), yet the cur- 
rent from the torpedo has done it. The same 
high proportion is shown by the magnetic ef- 
fects (296, 371). These circumstances indicate 
that the torpedo has power (in the way prob- 
ably that Cavendish describes) to continue the 
evolution for a sensible time, so that its suc- 
cessive discharges rather resemble those of a 
voltaic arrangement, intermitting in its action, 
than those of a Leyden apparatus, charged and 
discharged many times in succession. Inreality, 
however, there is no philosophical difference b^ 
tween these two cases. 

360. The general conclusion which must»|l 
think, be drawn from this collection of facte te, 
that electricity, whatever may be Us 
identical in its nature. The phenomena m 
five kinds or species quoted, differ, nbt ihth^ 
character but only in degree; and iiititiiklt, re- 
spect vary in proportion to the yariabte:^ttm- 

4 Edinburgh Phil: Journal, II, p« 249; 

* Mr; fimyley, who referred me td these etate- 
ments, and has extensive knoivledge pi rsootM 
I aets, is unaoquahited with any fvetwt aosouht re- 
lating to them. 
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stasioes of and irdmsity^ which can at 

pleasure be made to change in ^most any one 
of the kinds of electricity, as much as it does 
between one kind and another. 


Tabu of the Experimental Effects Common to 
the Electricites Derived from Different Sources^ 



1 . 
1 ;|g 

It 

Spark 

Heating 

Power 

True chemi- 
cal Action 

AttracUon 

andRepukiou 

Discharge by 
Hot Air 

1. Voltaic 
Electricity 

X 

X 

X 

X 

X 

X 

X 

X 

2. Common 
Electricity 

X 

X 

X 

X 

X 

XXX 

3. Magneto- 
electricity 

X 

X 

X 

X 

X 

X X 

4. Thermo- 
electricity 

X 

X 

+ 

+ 

+ 

+ 

5. Animal 
electricity 

X 

X 

X 

+ 

+ 

X 


§ 8. Relation hy Measure of Common and 
Voltaic Electricity* 

361. Believing the point of identity to be salr 
isfactorily established, I next endeavoured to 
obtain a common measure, or a known relation 
as to quantity, of the electricity excited by a 
machine, and that from a voltaic pile; for the 
purpose not only of confirming their identity 
(378), but also of demonstrating certain gen- 
eral principles (366, 377, &c.), and creating an 
extension of the means of investigating and ap- 


1 The term quantity in electricity ie perhaps suf- 
fidentiy definite as to sense; the term intensity is 
more difficult to define strictly. 1 am using the terms 
in ^dr ordinary and accepted meaning. 

k Many of the spaces in this table originally left 
blank may now be filled. Thus with themo'^lectric^ 
ity^ Botto made magnets and obtained polar chem- 
iou decomposition: Antinori produced the spark; 
and if it has not been done before, Mr. Watkins has 
recently heated a wire in Harris’s thermo-electrom- 
eter. In respect to animal electncUy^ Matteucci and 
Linari have obtained the spark from the torpedo, 
and I have recently procured it from the gymnotus: 
Dr. Davy has observed the heating power of the cur- 
rent from the torpedo. I have therefore filled up 
these iq>aoea with crosses, in a different position to 
the others originally in the table. There remain but 
five spaces unmarked, two under attraction and re- 
pyision, and three under discharge hy hot air: and 
though these effects have not yet been obtained, it is 
a necessary conclusion that they must be possible, 
mnce the spark corresponding to them has been pro- 
cured. For when a discharge across cold air can oo- 
enr, that intensity which is the only essential addi- 

Uin. 4. 
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plying tbe chemical powers of this wonderful 
and subtile agent. 

362. The first point to be determined was, 
whether the same absolute quantity of ordi- 
nary electricity, sent through a galvanometer, 
under different circumstances, would cause the 
same deflection of the needle. An arbitrary scale 
was therefore attached to the galvanometer, 
each division of which was equal to about 4®, 
and the instrument arranged as in former ex- 
periments (296). The machine (290), battery 
(291), and other parts of the apparatus were 
brought into good order, and retained for the 
time as nearly as possible in the same condi^ 
tion. The experiments were alternated so as to 
indicate any change in the condition of the ap- 
paratus and supply the necessary coweetions, 

363. Seven of the battery jars were removed, 
and eight retained for present use. It was found 
that about forty turns would fully charge the 
eight jars. They were then charged by'thirty 
turns of the machine, and discharged through 
the galvanometer, a tliick wet string, about ten 
inches long, being included in the circuit. The 
needle was immediately deflected five divisions 
and a half, on the one side of the zero, and in 
vibrating passed as nearly as possible through 
five divisions and a half on the other side. 

364. The other seven jars were then added 
to the eight, and the whole fifteen charged by 
thirty turns of the machine. The Henley^s elec- 
trometer stood not quite half as high as before; 
but when the discharge was made through the 
galvanometer, previously at rest, the needle 
immediately vibrated, passing exactly to the 
same division as in the former instance. These 
experiments with eight and with fifteen jars 
were repeated several times alternately with 
the same results. 

366. Other experiments were then made, in 
which all the battery was used, and its charge 
(being fifty turns of the machine) , sent through 
the galvanometer : but it was modified by being 
passed sometimes through a mere wet thread, 
sometimes through thirty-eight inches of thin 
string wetted by distilled water, and sometimes 
through a string of twelve times the thickness, 
only twelve inches in length, and soaked in di- 
lute acid (298) . With the thick string the charge 
passed at once: with the thin string it occupied 
a sensible time, and with the thread it required 
two or three seconds before the electrometer 
fell entirely down. The current therefore must 
have varied extremely in intensity in these dif- 
f^ent cases, and yet the deflection of the nee^ 
die was sensibly the same in all of them. If any 
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difference occurred, it was that the thin string 
and thread caused greatest deflection: and if 
there is any lateral transmission, as M. Colla- 
don sa3n9, through the silk in the galvanometer 
coil, it ought to have been so, because then the 
intensity is lower and the lateral transmission 
less. 

366. Hence it would appear that if the same 
dbsolvie quantity of electricity pass through the 
gatvanometer^ whatever may he its intensity^ the 
deflecting force upon the magnetic needle is the 
same. 

367. The battery of fifteen jars was then 
charged by sixty revolutions of the machine, 
and discharged, as before, through the galva- 
nometer. The deflection of the needle was now 
as nearly as possible to the eleventh division, 
but the graduation was not accurate enough 
for me to assert that the arc was exactly dou- 
ble the former are : to the eye it appeared to be 
so. The probability is, that the deflecting force of 
an electric current is directly proportional to the 
absolute quantity of electricity passed, at what- 
ever intensity that electricity may be.^ 

368. Dr. Ritchie has shown that in a case 
where the intensity of the electricity remained 
the same, the deflection of the magnetic needle 
was directly as the quantity of electricity pass- 
ed through the galvanometer,^ Mr. Harris has 
shown that the heating power of common elec- 
tricity on metallic wires is the same for the 
same quantity of electricity whatever its in- 
tensity might have previously been.* 

369. The next point was to obtain a voltaic 
arrangement producing an effect equal to that 
just described (367). A platina and a zinc wire 
were passed through the same hole of a draw- 
plate, being then one-eighteenth of an inch in 
diameter; these were fastened to a support, so 
that their lower ends projected, were parallel, 
and five-sixteenths of an inch apart. The upper 
ends were well-connected with the galvanom- 
eter wires. Some acid was diluted, and, after 
various preliminary experiments, that adopted 
as a standard which consisted of one drop strong 
sulphuric acid in four ounces distilled water. 
Finally, the time was noted which the needle 

> The great and general value of the galvanometer, 
M an actual measure of the electricity passing through 
it, either continuously or interruptedly, must be 
evident from a consideration of these two conclu- 
sions. As constructed by Professor Eitchie with glass 
threads Philosophical Transacftons, 1830,p. 2J8, 
and Quarterly Journal of Science, New Series, Voi. I, 
P. 29), it apparently seems to leave nothing un8U]>- 
piied in its own department. 

•Quarterly Journal of Science, New Series, Vol. I, 

* Plymouth Transactions^ p. 22, 


required in swinging dther from right to left or 
left to right: it was equal to seventeen beats of 
my watch, the latter giving one hundred and 
fifty in a minute. The object of these prepara- 
tions was to arrange a voltaic apparatus, which, 
by immersion in a given acid for a given time, 
much less than that required by the needle to 
swing in one direction, should give equal de- 
flection to the instrument with the discharge of 
ordinary electricity from the battery (363, 364) ; 
and a new part of the zinc wire having been 
brought into position with the platina, the 
comparative experiments were made. 

370. On plunging the zinc and platina wires 
five-eighths of an inch deep into the acid, and 
retaining them there for eight beats of the 
watch, (after which they were quickly with- 
drawn), the needle was deflected, and contin- 
ued to advance in the same direction some time 
after the voltaic apparatus had been removed 
from the acid. It attained the five-and-a-half 
division, and then returned swinging an equal 
distance on the other side. This experiment was 
repeated many times, and always with the same 
result. 

371. Hence, as an approximation, and judg^ 
ing from magnetic force only at present (376), 
it would appear that two wires, one of platina 
and one of zinc, each one-eighteenth of an inch 
in diameter, placed fivensixteenths of an inch 
apart and immersed to the depth of five-eighths 
of an inch in acid, consisting of one drop oil of 
vitriol and four ounces distilled water, at a 
temperature about 60®, and connected at the 
other extremities by a copper wire eighteen 
feet long and one-eighteenth of an inch thick 
(being the wire of the galvanometer coils), 
yield as much electricity in eight beats of my 
watch, or in Msoths of a minute, as the electri- 
cal battery charged by thirty turns of the large 
machine, in excellent order (863, 364). Not- 
withstanding this apparently enormous dis- 
proportion, the results are perfectly in har- 
mony with those effects which are known to be 
produced by variations in the intensity and 
quantity of the electric fluid. 

372. In order to procure a reference to efem- 
icol action, the wires were now retained knr 
mersed in the acid to the depth of five-^hths 
of an inch, and the needle, when statiQI^^, 
observed; it stood, as nearly as the unassisted 
eye could decide, at 5^ division. Hence a per- 
manent deflection to that extent might be con- 
sidered as indicating a constant voltaic cur- 
rent, which in eight beats of my watA 0^9) 
could supply as much elecbidlty as the cdec:* 



m FAEAiDAY Bmm lil 


kical : battexjr ohai^ by thirty turns of the 
noacbine. . 

373^ The foliowing arrangements and results 
preselected from many that were made and ob- 
tained relative to chemical action. A platina 
wire one-twelfth of an inch in diameter, weigh- 
ix^ two hundred and sixty grains, had the ex- 
tremity rendered plain, so as to offer a definite 
surface equal to a circle of the same diameter 
as the wire; it was then connected in turn with 
tihe conductor of the machine, or with the vol- 
taae apparatus (369), so as always to form the 
positive pole, and at the same time retain a 
perpendicular position, that it might rest, with 
its whole weight, upon the test paper to be em- 
ployed. The test paper itself was supported up- 
on a platina spatula, connected either with the 
discharging tniin (292), or with the negative 
wire of the voltaic apparatus, and it consisted 
-of four thicknesses, moistened at all times to 
an equal degree in a standard solution of hy- 
driodate of potassa (316). 

374. When the platina wire was connected 
with the prime conductor of the machine, and 
the spatula with the discharging train, ten turns 
of the machine had such decomposing power as 
to produce a pale round spot of iodine of the 
diameter of the wire; twenty turns made a 
much darker mark, and thii'ty turns made a 
dark brown spot penetrating to the second 
tiuckness of the paper. The difference in effect 
produced by two or three turns, more or less, 
covid be distinguished with facility. 

375. The wire and spatula were then connect- 
ed with the voltaic apparatus (369), the galva- 
nometer being also included in the arrangement ; 
aadi a stronger acid haVing been prepared, 
epnsisting of nitric acid and water, the voltaic 
i^paratus was immersed so far as to give a per- 
mcment deflection of the needle to the b}i di-^ 
visbn (372), the fourfold moistened paper in- 
tervening as before.^ Then by shifting the end 
of the wire from place to place upon the test 
pafWi the effect of the current for five, six, 
ee^n, c»r any number of the beats of the watch 
(369) was observed, and compared with that of 
the machine* After alternating and repeating 
the experiments of comparison many times, it 
waseonstantlylQiind that this standard current 
nf voltaic electricity, continued for eight beats 
M tiie watch, was equal, in chemical effect, to 
thirty tumsof theinacbi^;twenty-eight revo- 

of the machine were s^bly too few. 

DQuese the pawer of the voltdo 

neceesary to compensate for the bad 


376. Hence it neatdts tiiat botii in 
(kftecUon (371) and in chemical /orce, the 
imt of electricity of the standard voltaic bat^ 
tery for eight beats of the watch was equal to 
that of the machine evolved by thirty revolu- 
tions. 

377. It also follows that for this case of elec- 
tro-chemical decomposition, and it is probable 
for all cases, that the chemical power, like the 
magnetic force (366), is in direct proportion to 
the absolute quantity of electricity which passes. 

378. Hence arises still further confirmation, 

if any were required, of the identity of common 
and voltaic electricity, and that the differences 
of intensity and quantity are quite su&cient to 
account for what were supposed to bepeir dis- 
tinctive qualities. \ 

379. The extension which the present inves- 
tigations have enabled me to make of the facts 
and views constituting the theory of electro- 
chemical decomposition, will, with some other 
points of electrical doctrine, be almost imme- 
diately submitted to the Royal Society in an- 
other series of these Researches. 

Royal Insiituiion, Dec. 15, 1832 

Notb. 1 am anxious, and am permitted, to add to 
this paper a correction of an error which I have at- 
tributed to M. Ampere in the first series of these Ex^ 
perimentcU Researches. In referring to his experiment 
on the induction of electrical currents (78), I have 
called that a disc which I should have called a circle 
or a ring. M. Ampere used a ring, or a very short cyl- 
inder made of a narrow plate of copper bent into a 
circle, and he tells me that by such an arrangement 
the motion is very readily obtained. 1 have not 
doubted that M. Amp&re obtained the motion he de- 
scribed; but merely mistook the kind of mobile con- 
ductor used, and so far 1 described his experiment 
erroneously. 

In the same paragraph I have stated that M. Am- 
pere says the disc turned “to take a position of equi- 
librium exactly as the spiral itself would have turned 
had it been free to move” ; and farther on 1 have said 
that my results tended to invert the sense of the 
proposition “stated by M. Amp&re, that a current of 
deetridty tends to put the etsetneUy of conductors near 
which it passes in motion in the same direction^ M. 
Amphre tells me in a letter which I have just re- 
ceived from him, that he carefully avoided, when de- 
scribing the experiment, any reference to the direo- 
tioh of the induoe(^,. current; and on looking at the 
passages he quotes me, I find that to be the case. I 
have therefore done him injustice in the above state* 
ments, and am anxious to correct my error. 

But that it may not be supposed 1 lightly wrote 
those passa^^, I will briefly refer to my reasons for 
understanding them in the sense I did. At first the 
experiment failed. When re-made successfully about 
a year afterwards, it was at Geneva in company with 
M. A. De la Rive: the latter philosopher desoiibed 
the results,* and says that the plate of copper bent 
into a circle which was used as the mobile oonduotor 
**dometimes advanced between the two branches of 
the (horse-shoe) magnet, andsomefiihes wasrepellsd* 
aecc^ng to the direction of the current In the sur- 
rounding conductors/* 

* BUbliaihhque UidimsdtSi p. 43; ^ 
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ferraad’s Manuel d'medr*^ Dunfmiomt as a book 
of authority in ^anfce: containing the general resulte 
and laws of this branch of science, up to the tiine of 
its publication, in a well’exranged form. At p. 173, 
the author, when describing this experiment, says, 
''The mobile circle turns to take a position of equi- 
librium as a conductor would do in which the cur- 
rent moved in the same direction as in the spiral’'; 
and in the Same paragraph he adds, 'It is therefore 
proved that a current of electricity teride to put the eiee- 
tridty of conductora, near which it paaaea, in motion in 
the same direction" These are the words 1 quoted in 
my paper (78). 

Le Lyc6e of let of January, 1832, No. 36, in an 
article written after the receipt of my first unfor- 
tunate letter to M. Hachette, and before my papers 
were printed, reasons upon the direction of the in- 
duced currents, and says, that there ought to be "an 
elementary current produced in the same direction 
as the corresponding portion of the producing cur- 
rent." A little further on it says, "therefore we ought 
to obtain currents, moving in the same direction, 
produced upon a metallic wire, either by a magnet 
or a current. M. Ampere was ao thoroughly perauaded 
that auch ought to be the direction of the currenta in- 
fluence, that he neglected to assure himself of it in his 
experiment at Geneva." 


• It wM^tba precise sta^entsia JDomcipleiTfmd^A 
Maf^, agreeing as they did with the exprei^on ip 
M. De la Kive s paper, (which, however, I now uri- 
derstaqd as only meaning that when the indumg 
current wasohanged, the motion of the mobile cirole 
changed also), and not in discordance with anything 
expressed by M. Amp^e himself where he i^aks of 
the experiment, which made me conclude, wh^ 1 
wrote the paper, that what I wrote was really his 
avowed opinion; and when the Number of the Lyde 
referred to appeared, which was before my paper 
was printed, it could excite no suspicion that I was 
in error. 

Hence the mistake into which I unwittingly 
fell. I am prpud to correct it and do full jusUce 
to the acuteness and accuracy which, as far as I 
can understand the subjects, M. Amp&re carries 
into all the branches of philosophy which he .in- 
vestigates. 

Finally, my note to (79) says that the Lyod, No. 
36, "mistakes the erroneous results of MM. Fresnel 
and Amp6re for true ones," &o. Ac. In calling M^ 
Ampfere’s results erroneous, I spoke of the results de- 
scribed in, and referred to by the Lyde itself; bat 
now that the expression of the direction of the in- 
duced current is to be separated, the term erroneoua 
ought no longer to be attached to them. — M. F. April 
29, 1833 


FOURTH SERIES 

§ 9. On a New Law of Electric Conduction § 10. On Conducting 
Power Generally 

Recsivbd April 24, Read Mat 23, 1833 


§ 9. On a New Law of Electric Condwcltbn* 
380. It was during the progress of investiga- 
tions relating to electro-chemical decomposi- 
tion, which I still have to submit to the Royal 
Society, that I encountered effects due to a 
very general law of electric conduction not hith- 
erto recognised; and though they prevented 
me from obtaining the condition I sought for, 
they afforded abundant compensation for the 
momentary disappointment, by the new and 
important interest which they gave to an ex- 
tensive part of electrical science. 

381. 1 was working with ice, and the solids 
resulting from the freezing of solutions, ar- 
ranged either as barriers across a substance to 
be decomposed, or as ttie actual poles of a vol- 
taic battery, that I might trace and catch cer- 
tain elements ih their transit, when I was sud- 
denly stopped in my progress by finding that 
ice was m such circumstances a non-conductor 
of dectneity ; and that as soon as a thin film of 
it was interposed, in the circuit of a very pow- 
erful voltaic battery, the transmission elec- 
tricit;^ was prevent^ and all decompositiion 
ceased. 

^ In reference to this law lee further coneiderationB 
at 910, 1368. 1705,— Dee. 1838. 


382. At first the experiments were made with 
common ice, during the cold freezing weather 
of the latter end of January 1833; but the re- 
sults were fallacious, from the imperfection of 
the arrangements, and the following more un- 
exceptionable form of experiment was adopted. 

383. Tin vessels were formed, five inches 
deep, one inch and a quarter wide in one di- 
rection, of different widths from three-eighths 
to five-eighths of an inch in the other, and open 
at one extremity. Into these were fixed by corks, 
plates of platina, so that the latter should not 
touch the tin cases; and copper wires havmg 
previously hem soldered to the plate, these 
were easily connected* when required, with A 
voltaic pile. Then distilled water, previolxdsr 
boiled for three hours, was poured into tiie yee^ 
sets, and frozen by a mixture of salt and snoisi; 
so that pure transparent solid ice intervened 
between the platina and tin; and finally tibesa 
metals were connected with the oppo^te^^nv^ 
tremities of the voltaic apparatus, agalviuic^- 
eter being at the same time included in .the 
cuit. 

384. In the first experiment, the platina pole 
was three inches and a half long, and seven** 
eighthaof an inch wide; it was wildly iinxnenied 
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In l&e water or iee, and as the vessel was four- 
eighths of an inch in width, the average thick* 
ness of the intervening ice was only a quarter 
of an inch, whilst the surface of contact with it 
at both poles was nearly fourteen square inches. 
After the water was frozen, the vessel was still 
retained in the frigorific mixture, whilst con- 
tact between the tin and platina respectively 
was made with the extremities of a well-charged 
voltaic battery, consisting of twenty pair of 
four-inch plates, each with double coppers. Not 
the slightest deflection of the galvanometer 
needle occurred. 

385. On taking the frozen arrangement out 
of the cold mixture, and appl 3 ring warmth to 
the bottom of the tin case, so as to melt part of 
the ice, the connexion with the battery being 
in the mean time retained, the needle did not 
at first move; and it was only when the thaw- 
ing process had extended so far as to liquefy 
part of the ice touching the platina pole, that 
conduction took place; but then it occurred ef- 
fectually, and the galvanometer needle was 
permanently deflected nearly 70®. 

386. In another experiment, a platina spat- 
ula, five inches in length and seven-eighths of 
an inch in width, had four inches fixed in the 
ice, and the latter was only three-sixteenths of 
an inch thick between one metallic surface and 
the other; yet this arrangement insulated as 
perfectly as the former. 

887. Upon pouring a little water in at the top 
of this vessel on the ice, still the arrangement 
did not conduct; yet fluid water was evidently 
there. This result was the consequence of the 
cold metals having frozen the water where they 
touched it, and thus insulating the fluid part; 
and it well illustrates the non-conducting pow- 
ttr of ice, by showing how thin a film could pre- 
vent the transmission of the battery current. 
Upon thawing parts of this thin film, at both 
metaLs, conduction occurred. 

888. Upon wanning the tin case and remov- 
ing the piece of ice, it was found that a cork 
having slipped, one of the edges of the platina 
had been idl but in contact with the inner sur- 
face of the tin vessel; yet, notwithstanding the 
extreme ^nness of the interfering ice in this 
plaoe, no sensible portion of electricity had 

389. These experiments were repeated many 
times with the same results. At last a battery 
of fifteen troughs, or one hundred and fifty 
pkSm oC four-ill^ plates, powerfully charged, 
was twed ; yet even here no sensible quantity of 
passed the thin barrier of ice. 


890. It seemed at first as if occasional de- 
partures from these effects occurred; but they 
could always be traced to some interfering cir- 
cumstances. The water should in every instance 
be well-frozen; for though it is not necessary 
that the ice should reach from pole to pole, 
since a barrier of it about one pole would be 
quite sufficient to prevent conduction, yet, if 
part remain fluid, the mere necessary exposure 
of the apparatus to the air or the approxima- 
tion of the hands, is sufficient to produce, at 
the upper surface of the water and ice, a film of 
fluid, extending from the platina to the tin; 
and then conduction occurs. Again, if the corks 
used to block the platina in its place are damp 
or wet within, it is necessary that tne cold be 
sufficiently well applied to freeze the\ water in 
them, or else when the surfaces of theii contact 
with the tin become slightly warm py han- 
dling, that part will conduct, and the interior 
being ready to conduct also, the curr^t will 
pass. The water should be pure, not only that 
unembarrassed results may be obtained, but 
also that, as the freezing proceeds, a minute 
portion of concentrated saline solution may 
not be formed, which remaining fluid, and be- 
ing interposed in the ice, or passing into cracks 
resulting from contraction, may exhibit con- 
ducting powers independent of the ice itself. 

391. On one occasion I was surprised to find 
that after thawing much of the ice the conduct- 
ing power had not been restored; but I found 
that a cork W'^hich held the wire just where it 
joined the platina, dipped so far into the ice, 
that with the ice itself it protected the platina 
from contact with the melted part long after 
that contact was expected. 

392. This insulating power of ice is not ef- 
fective with electricity of exalted intensity. On 
touching a diverged gold-leaf electrometer with 
a wire connected with the platina, whilst the 
tin case was touched by the hand or another 
wire, the electrometer was instantly discharged 
(419). 

393. But though electricity of an intensity so 
low that it cannot diverge the electrometer, 
can still pass (though in very limited quanti- 
ties [419]) through ice; the comparative rela- 
tion of water and ice to the electricity of the 
voltaic apparatus is not less extraordinary on 
that account, or less important in its conse- 
quences. 

394. As it did not seem likely that this law of 
the assumption of conducting power during K- 
qu^action^ and loss of it during congelaHon, 
would be peculiar to water, 1 ixzunediately prch 
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ceeded to ascertain its influence m other cases, 
and found it to be very general. For this pur- 
pose bodies were chosen which were solid at 
common temperatures, but readily fusible; and 
of such composition as, for other reasons con- 
nected with electro-chemical action, led to the 
conclusion that they would be able when fused 
to replace water as conductors. A voltaic bat- 
tery of two troughs, or twenty pairs of four- 
inch plates (384), was used as the source of 
electricity, and a galvanometer introduced in- 
to the circuit to indicate the presence or ab- 
sence of a current. 

395. On fusing a little chloride of lead by a 
spirit lamp on a fragment of a Florence flask, 
and introducing two platina wires connected 
with the poles of the battery, there was instantly 
powerful action, the galvanometer was most 
violently affected, and the chloride rapidly de- 
composed. On removing the lamp, the instant 
the cliloride solidified all current and conse- 
quent effects ceased, though the platina wires 
remained inclosed in the chloride not more than 
the one-sixteenth of an inch from each other. 
On renewing the heat, as soon as the fusion had 
proceeded far enough to allow liquid matter to 
connect the poles, the electrical current in- 
stantly passed. 

396. On fusing the chloride, with one wire 
introduced, and then touching the liquid with 
the other, the latter being cold, caused a little 
knob to concrete on its extremity, and no cur- 
rent passed; it was only when the wire became 
so hot as to be able to admit or allow of contact 
with the liquid matter, that conduction took 
place, and then it was very powerful. 

397. When chloride of silver and chlorate of 
potassa were experimented with, in a similar 
manner, exactly the same results occurred. 

398. Whenever the current passed in these 
cases, there was decomposition of the sub- 
stances; but the electro-chemical part of this 
subject I purpose connecting with more gen- 
eral views in a future paper.^ 

399. Other substances, which could not be 
melted on glass, were fused by the lamp and 
blowpipe on platina connected with one pole of 
the battery, and then a wire, connected with 

, » In 1801, to H. Davy knew that “dry nitre, caus- 
tic potash, and soda are conductors of galvanism 
when rendered fluid by a high degree of heat,** (J owr- 
nal$ oftht Royal Institution, 1802, p. 63), but was not 
aware of the general law which I have been engaged 
in developing. It is remarkable, that eleven years 
after that, he should say, * ‘There are no fluids known 
^cept such as contain water, which are oi 4 ;>able of 
being made the medium of connexion between the 
metiu or metals of the voltaic apparatus.’* Elements 
of CAmioal FhOosoj^, p. 160. 


the other, dipped into them. In this weiy chlor- 
ide of so^um, sulphate of soda, protosdde of 
lead, mixed carbonates of potash and soda, Ac., 
<&c., exhibited exactly the same phenomena as 
those already described: whilst liquid, they 
conducted and were decomposed; whilst solid, 
though very hot, they insulated the battery 
current even when four troughs were used. 



400. Occasionally the substances were con- 
tained in small bent tubes of green glass, and 
when fused, the platina poles introduced, one 
on each side. In such cases the same gener^ re- 
sults as those already described were procured; 
but a further advantage was obtained, namely, 
that whilst the substance was conducting and 
suffering decomposition, the final arrangement 
of the elements could be observed. Thus, io- 
dides of potassium and lead gave iodine at the 
positive pole, and potassium or lead at the neg- 
ative pole. C)hlorides of lead and silver gave 
chlorine at the positive, and metals at the neg- 
ative pole. Nitre and chlorate of potassa gave 
oxygen, &c., at the positive, and alkali, or even 
potassium, at the negative pole. 

401. A fourth arrangement was used for sub- 
stances requiring very high temperatures for 
their fusion. A platina wire was connected with 
one pole of the battery; its extremity bent into 
a small ring, in the manner described by Ber- 
zelius for blowpipe experiments; a little of the 
salt, glass, or other substance, was melted on 
this ring by the ordinary blowpipe, or even in 
some cases by the oxy-hydrogen blowpipe, and 
when the drop, retain^ in its place by the 
ring, was thoroughly hot and fluid, a platina 
wire from the opposite pole of the battery was 
made to touch it, and the effects observed. 

402. The following are various substances, 
taken from very different classes chemically 
considered, which are subject to this law. T)m 
list might, no doubt, be enormously extended} 
but I l^ve not had time to do more than eon- 
firm the law by asufficient number of inataneee. 

First, waier. 

Amongst oxides; potassa, protoxide of lead, 
glass of antimony, protoxide of antimony,. ox- 
ide of bismuth. 

Chlorides of potassium, sodium, barium, 
strontium, calcium, magnesium, manganese, 
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cqpper 1^, tin (pecAxh), 

mcmy, sil"ver,.; ' 

lihiides of potassium, zme and lead, protio- 
dide of tin, periodide of mereury; fluoride of 
potassium; cyanide of potassium; oulphonsyar 
nide of potassium. 

BaUs. Chlorate of potassa; nitrates of pota8<^ 
sa, soda, baiyta, strontia, lead, copper, and sil- 
ver; sulphates of soda and lead, proto-sulphate 
of mercury; phosphates of potassa, soda, lead, 
copper, phosphoric glass or acid phosphate of 
lime; carbonates of potassa and soda, mingled 
and separate; borax, borate of lead, perborate 
of tin; chromate of potassa, bichromate of po- 
tassa, chromate of lead; acetate of potassa. 

Svlphurets,^ Sulphuret of antimony, sulphuiv 
et of potassium made by reducing sulphate of 
potassa by hydrogen; ordinary sulphuret of 
potassa. 

i Silicated potassa; chameleon mineral. 

:403. It is highly interesting in the instance 
of those substances which soften before they 
Hquefy, to observe at what period the conduct- 
ing power is acquired, and to what degree it is 
e3^ted by perfect fluidity. Thus, with the bor- 
ate of lead, when heated by the lamp upon 
glass, it becomes as soft as treacle, but it did 
not conduct, and it was only when urged by 
the blowpipe and brought to a fair red heat, 
that it conducted. When rendered quite liquid, 
it conducted with extreme facility. 

404. 1 do not mean to deny that part of the 
increased conducting power in these cases of 
softening was probably due to the elevation of 
tonperature (432, 456); but I have no doubt 
that by far the greater part was due to the in- 
fluence of the general law already demonstrat- 
ed, and which in these instances came gradu- 
afly, instead of suddenly, into operation. 

405. The following are bodies which acquired 
no ccmducting power upon assuming the liquid 

^ Sulphur, phosphorus; iodide of 8ulphur,p^- 
iodide of tin; orpiment, realgar; glacial aoetio 
a<!^, mixed margaric and oleic acids, artificial 
cmi^or; caffeine; sugar, adipocere, stearine of 
eocoanut oil, spermaceti, camphor, naphtha- 
line, resin, gum sandarae, shall lac. 

406. Per^oride of tin, chloride of arsenic, 
mi the hydratedy chloride of arsenic, being 
liquids, had no sensible conducting power in- 
^ated by the galvanometer, nor were they de- 

^^SOmposed. 

#7. Some of the above substances are suf- 

a sulphide. The -ure^ ending was for- 
eMfly’UMd lor all binary ooknpounda. — Sn. 


fldently remaikable as exceptions to the gen^ 
eml law governing the former eases. These are 
orpiment, realgar, acetic acid, artificial cam- 
phor, periodide of tin, and the chlorides of tin 
and arsenic. 1 shall have occasion to refer to 
these cases in the paper on Electro-ch^cal 
Decomposition. 

408. Boracic acid was raised to the highest 
possible temperature by an oxy-hydrogen flame 
Uoi), yet it gained no conducting powers suf- 
ficient to affect the galvanometer, and under- 
went no apparent voltaic decomposition. It 
seemed to be quite as bad a conductor as air. 
Green bottle-glass, heated in the same manner, 
did not ,ga^ conducting power sensible to the 
galvanometer. Flint glass, when high^ heated, 
did conduct a little and decompose; and as the 
proportion of potash or oxide of leaa was in- 
creased in the glass, the effects were more pow- 
erful. Those glasses, consisting of bormc acid 
on the one hand, and oxide of lead or potassa 
on the other, show the assumption of conduct- 
ing power upon fusion and the accompanying 
decomposition very well. 

409. I was very anxious to try the general 
experiment with sulphuric acid, of about spe- 
cific gravity 1.783, containing that proportion 
of water which gives it the power of crysitalliz- 
ing at 40'’ Fahr.; but I found it impossible to 
obtain it so that I could be sure the whole 
would congeal even at 0® Fahr. A ten-thou- 
sandth part of water, more or less than neces- 
sary, would, upon cooling the whole, cause a 
portion of uncongealable liquid to separate, 
and that remaining in the interstices of the sol- 
id mass, and moistening the planes of division, 
would prevent the correct observation of the 
phenomena due to entire solidification and sub- 
sequent liquefaction. 

410. With regard to the substances on which 
conducting power is thus conferred by liquid- 
ity, the degree of power so given is generally 
very great. Water is that body in which this ac- 
quire power is feeblest. In the various oxides, 
blondes, salts, Ac., &c., it is given in a much 
higher degree. I have not had time to measure 
the conducting power in these cases, but it is 
apparently some hundred times that of pure 
water. The increased conducting power known 
to be given to water by the addition of salts, 
would seem to be in a great degree dependent 
uponthehigb conducting power of these bodies 
when in the liquid state, that state being given 
them for the thno, not by beat but wflutiqn in 
the water.® 

<^See a doubt on this iioint at 186d«— 
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4iL Wihetlw ibe ecmdiitetixig povw dt flieBe 
liquiofied bodies is a consequenoe of ihdbr de- 
composition or not (418), or whether the two 
actions of conduction and decomposition are 
ess^tially connected or not, would introduce 
no difference affecting the probable accuracy 
of the preceding statement. 

412. This general assumption of conducting 
power by bodies as soon as they pass from the 
solid to the liquid state, offers a new and extra- 
ordinary character, the existence of which, as 
far as I know, has not before been suspected; 
and it seems importantly connected with some 
properties and relations of the particles of mat- 
ter which I may now briefly point out. 

413. In almost all the instances, as yet ob- 
served, which are governed by this law, the 
substances experimented with have been those 
which were not only compound bodies, but 
such as contain elements known to arrange 
themselves at the opposite poles; and were also 
such as could be decomposed by the electrical 
current. When conduction took place, decom- 
position occurred; when decomposition ceased, 
conduction ceased also; and it becomes a fair 
and an important question: Whether the con- 
duction itself may not, wherev^ the law holds 
good, be a consequence not merely of the cap- 
ability, but of the act of decompoation? And 
that question may be accompanied by another, 
namely: Whether solidification does not pre- 
vent conduction, merely by chaining the part- 
icles to their places, under the influence of ag- 
gregation, and preventing their final separation 
in the manner necessary for decomposition? 

414. But, on the other hand, there is one 
substance (and others may occur), the pcno- 
dide of mercury, which, being experimented 
with like the o&ers (400), was found to insu- 
late when solid, and to acquire conducting pow- 
er when fluid; yet it did not seem to undergo 
decomposition in the latter case. 

415. Again, there are many substances which 
contain dements such as would be expected to 
arrange themselves at the opposite poles of the 
pile, and therefore in that respect fitted for de- 
composition, whichyetdonotconduot. Amongst 
these are the iodide of sulphur, periodide of 
2inc, perchloride of tin, chloride of arsenic, hy- 
drated chloride of aieenic, acetic acid, orpi- 
ment, realgar, artificial camphor, &c. ; and from 
the% it might perhaps be assumed that decom- 
Position is d^ndent upon conducting p6wer, 
^d not ti^e latter upon the former. true 
relation^ however, of conduction and decompo- 
dtion ^ tbcnwd belies go by theg^eral 


law which It is (he ob|ect of this paper to ear 
tablish, can only be satbfactorily made out 
from a far more extensive series of obser- 
vations than those I have yet been aUe to 
supply.^ 

416. The relation, under this IgiWf of the con- 
ducting power for dectricity to that for heat, 
is very remarkable, and seems to imply a nat- 
ural dep^ence of the two. As the solid be- 
comes a fluid, it loses almost entirely the pow- 
er of conduction for heat, but gains in a hi^ 
degree that for electricity ; but as it reverts back 
to the solid state, it gains the power of conduct- 
ing heat, and loses &at of conducting electric- 
ity. If, therefore, the properties are not incom- 
patible, still they are most strongly contrasted, 
one being lost as the other is gained. We may 
hope, perhaps, hereafter to understand the 
physied reason of this very extraordinary re- 
lation of the two conducting powers, both of 
which appear to be directly connected with the 
corpuscular condition of the substances con- 
cerned. 

417. The assumption of conducting power 
and a decomposable condition by liquefaction, 
promises new opportunities of, and great fadl- 
ities in, voltaic decomposition. Thus, such bod- 
ies as the oxides, chlorides, cyanides, sulphp- 
cyanides, fiuondes, certam vitreous mixtures, 
&c., &c., may be submitted to the action of the 
voltaic battery under new circumstances; and 
indeed I have already been able, with ten paiiB 
of plates, to decompose common salt, chloride 
of magnesium, borax, &c., &c., and to obtain 
sodium, magnesium, boron, &c., in their sep- 
arate states. 

§ 10. On Conducting Power Generally^ 

418. It is not my intention here to enter into 
an examination of all the circumstances con- 
nected with conducting power, but to record 
certain facts and observations which have aris- 
en during recent inquiries, as additions to the 
general stock of knowledge relating to this 
point of electrical science. 

419, 1 was.anxious, in the first {dace, to ob^ 
tain some idea of the conducting power of ioe 
and solid Salts for electricity of high tenE^n 
(392), that a comparison might be made 
tween it and the large accession of the aame 
power gained upon liquefaction. For 
pose tte large electrical machine (290) iras 
brought mto excellent action, its ecm4uetto 

» See 679» Ao., Ao. — Dee. 183$. , " 

* In reterenos to this S refer to 988 in wries Vm, 
and the results sonneeM with it— JDse. ISaS. 
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€OiEiiected vnOx a delicate fold^leaf electram- 
eter, and also with the platina inclosed in the 
ice (383), whilst the tin case was connected 
with the discharging train (292). On working 
the machine moderately, the gold leaves barely 
separated ; on working it rapidly, they could be 
opened nearly two inches. In this instance the 
tin case was five-eighths of an inch in width; 
and as, after the experiment, the platina plate 
was found very nearly in the middle of the ice, 
the average thickness of the latter had been 
five-sixteenths of an inch, and the extent of 
surface of contact with tin and platina four- 
teen square inches (384). Yet, under these cir- 
cumst^ces, it was but just able to conduct the 
small quantity of electricity which this ma- 
chine could evolve (371), even when of a ten- 
sion competent to open the leaves two inches; 
no wonder, therefore, that it could not conduct 
any sensible portion of the electricity of the 
troughs (384), which, though almost infinitely 
surpassing that of the machine in quantity, 
had a tension so low as not to be sensible to an 
electrometer. 

420. In another experiment, the tin case was 
only four-eighths of an inch in width, and it 
was found afterwards that the platina had been 
not quite one-eighth of an inch distant in the 
ice from one side of the tin vessel. When this 
was introduced into the course of the electric- 
ity from the machine (419), the gold leaves 
could be opened, but not more than half an 
inch; the thinness of the ice favouring the con- 
duction of the electricity, and permitting the 
same quantity to pass in the same time, though 
of a much lower tension. 

421. Iodide of potassium which had been fused 
and cooled vras introduced into the course of 
the electricity from the machine. There were 
two pieces, each about a quarter of an inch in 
thidmess, and exposing a surface on each side 
equal to about half a square inch; these were 
placed upon platina plato, one connected with 
the machine and electrometer (419), and the 
other with the discharging train, whilst a fine 
idatina wire connected the two pieces, resting 
upon them by its two points. On working the 
dectrical machine, it was possible to open the 
electrometer leaves about two-thirds of an inch . 

422. As the platina wire touched only by 

points, tiie facts show that this salt is a far bet- 
t^ conductor than ice; but as the leaves of the 
deotrometer opened, it is also evident with 
what difiSculty conduction, even of the small 
portion of electricity produced by the machine, 
is effected by this in the solid state, when 
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compared to the facility with which enormous 
quantities at very low tensions are transmitted 
by it when in the fluid state. 

432. In order to confirm these results by 
others, obtained from the voltaic apparatus, a 
battery of one hundred and fifty plates, four 
inches square, was well-charged : its action was 
good; the shock from it strong; the discharge 
would continue from copper to copper through 
four-tenths of an inch of air, and the gold-leaf 
electrometer before used could be opened near- 
ly a quarter of an inch. 

424. The ice vessel employed (420) was half 
an inch in width ; as the extent of coif tact of the 
ice with^he tin and platina was ntearly four- 
teen square inches, the whole was Equivalent 
to a plate of ice having a surface of seven square 
inches, of perfect contact at each side! and only 
one-fourth of an inch thick. It was retained in 
a freezing mixture during the experiipent. 

425. The order of arrangement in th'e course 
of the electric current was as follows. The pos- 
itive pole of the battery was connected by a 
wire with the platina plate in the ice; the plate 
was in contact with the ice, the ice with the tin 
jacket, the jacket with a wire, which commun- 
icated with a piece of tin foil, on which rested 
one end of a bent platina wire (312), the other 
or decomposing end being supported on paper 
moistened with solution of iodide of potassium 
(316) : the paper was laid flat on a platina spat- 
ula connected with the negative end of the bat- 
tery. All that part of the arrangement between 
the ice vessel and the decomposing wire point, 
including both these, was insulated, so that no 
electricity might pass through the latter which 
had not traversed the former also. 

426. Under these circumstances, it was found 
that a pale brown spot of iodine was slowly 
formed under the decomposing platina point, 
thus indicating that ice could conduct a little 
of the electricity evolved by a voltaic battery 
charged up to the degree of intensity indicated 
by the electrometer. But it is quite evident 
that notwithstanding the enormous quantity 
of electricity which the battery could furnish, 
it was, under present circumstances, a very in- 
ferior instrument to the ordinary machine; for 
the latter could send as much through the ice 
as it could carry, being of a far higher intensity, 
i.e., able to open the electrometer leaves half 
an inch or more (419, 420), 

427. The decomposing wire and solution of 
iodide of potassium were then removed, and 
replacedby a very delicate galvanometer (205) ; 
it was so nearly astatic, that it vibmted to and 
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fro in about sixty-three beats of a watch giving 
one hundred and fifty beats in a minute. The 
same feebleness of current as before was still 
indicated; the galvanometer needle was de- 
flected, but it required to break and make con- 
tact three or four times (297), before the effect 
was decided. 

428. The galvanometer being removed, two 
platina plates were connected with the extrem- 
ities of the wires, and the tongue placed be- 
tween them, so that the whole charge of the 
battery, so far as the ice would let it pass, was 
free to go through the tongue. Whilst standing 
on the stone floor, there was shock, &c., but 
when insulated, I could feel no sensation. I 
think a frog would have been scarcely, if at all, 
affected. 

429. The ice was now removed, and experi- 
ments made with other solid bodies, for which 
purpose they were placed under the end of the 
decomposing wire instead of the solution of io- 
dide of potassium (425). For instance, a piece 
of dry iodide of potassium was placed on the 
spatula connected with the negative pole of the 
battery, and the point of the decomposing wire 
placed upon it, whilst the positive end of the 
battery communicated with the latter. A brown 
spot of iodine very slowly appeared, indicating 
the passage of a little electricity, and agreeing 
in that respect with the results obtained by the 
use of the electrical machine (421). When the 
galvanometer was introduced into the circuit 
at the same time with the iodide, it was with 
difficulty that the action of the current on it 
could be rendered sensible. 

430. A piece of common salt previously fused 
and solidified being introduced into the circuit 
was sufficient almost entirely to destroy the 
action on the galvanometer. Fused and cooled 
chloride of lead produced the same effect. The 
conducting power of these bodies, when fluids 
is very great (395, 402). 

431. These effects, produced by using the 
common machine and the voltaic battery, agree 
therefore with each other, and with the law 
laid down in this paper (394) ; and also with the 
opinion I have supported, in the Third Series 
of these Researches^ of the identity of electric- 
ity derived from different sources (360). 

432. The effect of heat in increasing the con- 
ducting power of many substances, especially 
for electricity of high tension, is well known. 
1 have lately met with an extraordinary case 
of this kind, for electricity of low tensioni or 
that ^ the voltaic pile, and which is in direct 
contract with the influence of heat uponme- 


tallic bo(fies, as observed and described by Sir 
Humphry Davy.^ 

433. The substance presenting this effect is 
sulphuret of silver. It was made by fusing a 
mixture of precipitated silver and sublimed 
sulphur, removing the film of silver by a file 
from the exterior of the fused mass, puiveria- 
ing the sulphuret, mingling it with more sul- 
phur, and fusing it again in a green glass tube, 
so that no air should obtain access during the 
process. The surface of the sulphuret being 
again removed by a file or knife, it was consid- 
ered quite free from uncombined silver, 

434. When a piece of this sulphuret, half an 
inch in thickness, was put between surfaces of 
platina, terminating the poles of a voltiuc bat- 
tery of twenty pairs of four-inch plates, a gal- 
vanometer being also included in the circuit, 
the needle was slightly deflected, indicating a 
feeble conducting power. On pressing the plat- 
ina poles and sulphuret together with the fin- 
gers, the conducting power increased as the 
whole became warm. On applying a lamp un- 
der the sulphuret between the poles, the con- 
ducting power rose rapidly with the heat, and 
at last the galvanometer needle jumped into a 
fixed position, and the sulphuret was found 
conducting in the manner of a metal. On re- 
moving the lamp and allowing the heat to fall, 
the effects were reversed, the needle at firsttbe- 
gan to vibrate a little, then gradually left its 
transverse direction, and at tot returned to a 
position very nearly that which it would take 
when no current was passing through the gal- 
vanometer. 

435. Occasionally, when the contact of the 
sulphuret with the platina poles was good, the 
battery freshly charged, and the commencing 
temperature not too low, the mere current of 
electricity from the battery was sufficient to 
raise the temperature of the sulphuret; end 
then, without any application of extraneous 
heat, it went on increasing conjointly in tem- 
perature and conducting power, until the cool- 
ing influence of the air limited the effects. In 
such cases it was generally necessary to cool 
the whole purposely, to Aow the retumii^ 
series of phenomena. 

436. Occasionally, also, the rffects woidd siiik 
of themselves, and could not be renewed until 
a fresh surface of the sulphuret had betm ap- 
plied to the positive pole. This was in consa* 
quence of peculiar results of decomposiilicmrtto 
which I shall have occasion to revert in rise sec- 
tion on Electro-chemical DeeompOsitbny and 

1 Philosophiical TrtmsaeHons^ 1821, p. 431. 
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ooAY^m^ly avoids by kserting tha 
of two pieces of platina wire into the oppomte 
extremities of a portion of sulp^uret fus^ in a 
glass tube, and placing this arrangement be- 
tween the poles of the battery. 

437. The hot sulphuret of silver conducts suf- 
ficiently well to give a bright spark with char- 
coal, Ac., Ac., in the manner of a metal. 

438. The native grey sulphuret of silver, and 
the ruby silver ore, both presented the same 
phenomena. The native malleable sulphuret of 
silver presented precisely the same appearances 
as the artificial sulphuret. 

439. There is no other body with which I am 
acquainted, that, like sulphuret of silver, can 
compare with metals in conducting power for 
electricity of low tension when hot, but which, 
unlike them, during cooling, loses in power, 
whilst they, on the contrary, gain. Probably, 
however, many others may, when sought for, 
be found.^ 

440. The proto-sulphuret of iron, the native 
per-sulphuret of iron, arsenical sulphuret of 
iron, native yellow sulphuret of copper and 
iron, grey artificial sulphuret of copper, arti- 
ficial sulphuret of bismuth, and artificial grey 
stilphuret of tin, all conduct the voltaic bat- 
tery current when cold, more or less, some giv- 
ing sparks like the metals, others not being suf- 
ficient for that high effect. They did not seem 
to conduct better when heated, than before; 
but I had not time to enter accurately into the 
investigation of this point. Almost all of them 
became much heated by the transmission of 
the current, and present some very interesting 
phenomena in that respect. The sulphuret of 
antimony does not conduct the same current 
sensibly either hot or cold, but is amongst those 
bodies acquiring conducting power when fused 
(402) . The sulphuret of silver and perhaps some 
others decompose whilst in the solid state; \mt 
the i^enomena of this decomposition will be 
l^eaerved for its proper place in the next series 
of these Researches, 

441. Notwithstanding the extrme dissimi- 
larity rbetween sulphuret of silver and gases or 
vapours^ I cannot help suspecting the action of 
heat upon them to be the same, bringing Ihem 
all into the same class as conductors of elec- 
tricity, although wifh those great difierences 
in degree, whi^ are found to exist under com- 
mon circumstances. When gases are heated, 
thay increase in oondimting power, both for 
edmmon and voltaic deciricity (271) ; and it is 
iwobabie that^ if' we could cominesB and con- 

iSi^aow on this 0|»hJwit,4e40, 1841. — Dsc, 1^. 


d^se ihem at the same time, we should stiU 
further increase their conducting power. Cag- 
niard de la Tour has shown that a substance, 
for instance water, may be so expanded by heat 
whilst in the liquid state, or condensed whilst 
in the vaporous state, that the two states shall 
coincide at one point, and the transition from 
one to the other be so gradual that no line of 
demarcation can be pointed out,‘ that, in fact, 
the two states shall become one; which 6ne 
state presents us at different times with differ- 
ences in degree as to certain properties and re- 
lations; and which differences are, under ordi- 
nary circumstances, so great as to be Equiva- 
lent to two different states. i 

442. 1 cannot but suppose at present that at 
that point where the liquid and the gl^eous 
state coincide, the conducting properti^ are 
the same for l^th; but that they diminilBh as 
the expansion of the matter into a rarer form 
takes place by the removal of the necessary 
pressure; still, however, retaining, as might be 
expected, the capability of having what feeble 
conducting power remains, increased by the 
action of heat. 

443. I venture to give the following sum- 
mary of the conditions of electric conduc- 
tion in bodies, not however without fearing 
that I may have omitted some important 
points.* 

444. All bodies conduct electricity in the 
same manner, from metals to lac and gases, 
but in very different degrees. 

445. Conducting power is in some bodies 
powerfully increased by heat, and in others di- 
minished, yet without our perceiving any ac- 
companying essential electrical difference, eith- 
er in the bodies or in the changes occasioned by 
the electricity conducted. 

446. A numerous class of bodies, insulating 
electricity of low intensity when solid, conduct 
it very freely when fluid, and are then decom- 
posed by it. 

447. But there are many fluid bodies which 
do not sensibly conduct electricity of this low 
intensity; there are some which conduct it mnl 
are not decomposed; nor is fluidity essential to 
decomposition.* 

448. There is but one body yet discovered* 
which, insulating a voltaic current when solid, 

* ArmdUs ds Chimie, XXX. pp. 127, 178. 

« Seenowla rriatipn to this subject, 1320-1342.>— 
Dec, 1838. 

* See the next series of these RxperimenkU 
seoTchee, 

* It is just possible that this case mayv hy more 
dehoate expeninent, hereafter disappear. <«m now* 
1340, 1841, ia ndaUon to this note.— '•ite. 1888,) 
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and ocmductiagit when fluidjiBxiatd^mpoBed tween bodies suppoeed to be dementary and 
in the latter ease (414). those known to eompoimds. 

449. There is no strict electrical distinction 
of conduction which can, as yet, be drawn be- Royal Instilvlum, April 15, 1833 
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§ 11. On ElectTihChemical Decomposition^ 

450. 1 HAVE in a recent series of these Research- 
es (265) proved (to my own satisfaction, at 
least), the identity of electricities derived from 
different somrces, and have especially dwelt up- 
on the proofs of the sameness of those obtained 
by the use of the common electrical machine 
and the voltaic battery. 

451. The great distinction of the electricities 
obtained from these two sources is the very high 
tension to which the small quantity obtained 
by aid of the machine may be raised, and the 
enormous quantity (371, 376) in which that of 
comparatively low tension, supplied by the vol- 
taic battery, may be procured; but as their ac- 
tions, whether magnetical, chemical, or of any 
other nature, are essentially the same (360), it 
appeared evident that we might reason from the 
former as to the manner of action of the latter; 
and it was, to me, a probable consequence, that 
the use of electricity of such intensity as that 
afforded by the machine, would, when applied 
to effect and elucidate electro-chemical de- 
composition, show some new conditions of 
that action, evolve new views of the internal 
arrangements and changes of the substances 
under decomposition, and perhaps give efficient 
powers over matter as yet undecomposed. 

452. For the purpose of rendering the bear- 
ings of the different parts of this series of re- 
searches more distinct, I shall divide it into 
several heads. 

1[ L New Conditions of Electro-chemical Decom- 
position 

453. Thetene&}nbfmachineelectridtyeau8ee 
it, however small in quantity, to pass tinroui^ 
any length of water^ solutions, or o^er sub- 
stano^ classing with these as coDductors^ as 

to^ xu)ts alter 1047, Series Vm.— 2>0e. 
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fast as it can be produced, and therefore, in 
relation to quantity, as fast as it could have 
passed through much shorter portions of the 
same conducting substance. With the voltaic 
battery the case is very different, and the pas- 
sing current of electricity supplied by it suffers 
serious diminution in any substance, by con- 
siderable extension of its length, but especial- 
ly in such bodies as those mentioned above. 

454. 1 endeavoured to apply this facility of 
transmitting the current of electricity through 
any length of a conductor, to an investigation 
of the transfer of the elements in a decompos- 
ing body, in contrary directions, towards the 
poles. The general form of apparatus used in 
these experiments has been already described 
(312, 316) ; and also a particular experiment 
(319), in which, when a piece of litmus paper 
and a piece of turmeric paper were combined 
and moistened in solution of sulphate of soda, 
the point of the wire from the machine (repre- 
senting the positive pole) put upon the litmus 
paper, and the receiving point from the dis- 
charging train (292, 316), representing the neg- 
ative pole, upon the turmeric paper, a very im 
turns of the maclxine sufficed to show the evo- 
lution of acid at the former, and alkali at tiie 
latter, exactly in the manner effected by a 
volta-electric current. 

455. The pieces of litmus and turmeric paper 
were now placed each upon a separate plate of 
glass, and connected by an insulated strpg 
four feet long, moistened in the same sotuti^p^ 
of sulphate of soda: the terminal decompoflinsig 
wire points were placed upon the papers as 
fore. On working the machine, the seme evo- 
lution of acid and alkali appeared as in the 
former instance, and with equal readiness^ 
withstanding that the places of their appeair* 
ance were four feet apart fromeadiotiier. sir 
nally,n inece of string, seventy Itet long, was 
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used. It was insulated in the air by suspenders 
of silk, so that the electricity passed through 
its entire length: decomposition took place ex- 
actly as in former cases, alkali and acid appear- 
ing at the two extremities in their proper places. 

456. Experiments were then made both with 
sulphate of soda and iodide of potassium, to as- 
certain if any diminution of decomposing ef- 
fect was produced by such great extension as 
those just described of the moist conductor or 
body under decomposition; but whether the 
contact of the decomposing point connected 
with the discharging train was made with tur- 
meric paper touching the prime conductor, or 
with other turmeric paper connected with it 
through the seventy feet of string, the spot of 
alkali for an equal number of turns of the ma- 
chine had equal intensity of colour. The same 
results occurred at the other decomposing wire, 
whether the salt or the iodide were used : and it 
was fully proved that this great extension of 
the distance between the poles produced no ef- 
fect whatever on the amount of decomposition, 
provided the same quantity of electricity were 
passed in both cases (377). 

457. The negative point of the discharging 
train, the turmeric paper, and the string were 
then removed; the positive point was left rest- 
ing upon the litmus paper, and the latter 
touched by a piece of moistened string held in 
the hand. A few turns of the machine evolved 
acid at the positive point as freely as before. 

458. The end of the moistened string, instead 
of being held in the hand, was suspended by 
glass in the air. On working the machine the elec- 
tricity proceeded from the conductor throi^h 
the wire point to the litmus paper, and thence 
away by the intervention of the string to the 
air, so that there was (as in the last experiment) 
but one metallic pole; still acid was evolved 
there as freely as in any former case, 

459. When any of these experiments were re- 
peated with electricity from the negative con- 
ductor, corresponding effects were produced 
whether one or two decomposing wires were 
used. The results were always constant, con- 
sidered in relation to the direction of the elec- 
tric current. 

460. These experiments were varied so as to 
include the action of only one metallic pole, 
but that not the pole connected with the ma- 
chine. Turmeric paper was moistened in solu- 
tion of sulphate of soda, placed upon glass, 
and connected with the discharging train (292) 
by a decomposing wire (312); a piece of wet 
string was hung from it, l^e lower extremity 


which was brouj^ opposite a point obxmected 
with the positive prime conductor of the 
chine. The machine was then worked for a few 
turns, and alkali immediately appeared at the 
point of the discharging train wMch rested on 
the turmeric paper. Corresponding effects took 
place at the negative conductor of a machine. 

461. These cases are abundantly sufficient to 
show that electro-chemical decomposition does 
not depend upon the simultaneous action of 
two metallic poles, since a single pole might be 
used, decomposition ensue, and one or other of 
the elements liberated pass to the pole, accord- 
ing as it was positive or negative. In consider- 
ing the course taken by, and the final arrange- 
ment of, the other element, 1 had little doubt 
that 1 should ffnd it had receded towards the 
other extremity, and that the air itself had act- 
ed as a pole, an expectation which was fully 
confirmed in the following manner, 

462. A piece of turmeric paper, not more than 
0.4 of an inch in length and 0.5 of an inch in 
width, was moistened with sulphate of soda 
and placed upon the edge of a glass plate oppo- 
site to, and about two inches from, a point con- 
nected with the discharging train (PL V, Fig. 
f); a piece of tinfoil, resting upon the same 
glass plate, was connected with the machine, 
and also with the turmeric paper, by a decom- 
posing wire a (312). The machine was then 
worked, the positive electricity passing into 
the turmeric paper at the point p, and out at the 
extremity n. After forty or fifty turns of the 
machine, the extremity n was examined, and 
the two points or angles found deeply coloured 
by the presence of free alkali (PL V, Fig» 2). 

463. A similar piece of litmus paper, dipped 
in solution of sulphate of soda n, PL V, Fig. 3^ 
was now supported upon the end of fhe dis- 
charging train a, and its extremity brought op- 
posite to a point p, connected with the conduc- 
tor of the machine. After working the machine 
for a shoi-t time, acid was developed at both 
the corners towards the point, i.e., at both the 
comers receiving the electricities from the air. 
Every precaution was taken to prevent this 
acid from being formed by sparks or brushes 
passing through the air (322); and these, 'with 
the accompanying general facts, are suffident 
to show that the acid was really the result of 
electro-chemical decomposition (466). 

464. Then a long piece of turmeric paper, 
large at one end and pointed at the oth^, was 
moistened in the saline solution, mid immedir- 
ately connected with the couduetor of the mar 
chine, so that its pointed extreimty wasoppo* 
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nte a pomtiipon the diseharghig ttam. When 
the machine was worked, alkali was evolved at 
that point; and even when the dischar^ng 
train was removed, and the electricity left to 
he diffused and carried off altogether by the 
air, still alkali was evolved where the electric- 
ity left the turmeric paper. 

465. Arrangements were then made in which 
no metallic communication with the decom- 
posing matter was allowed, but both poles (if 
they might now be called by that name) 
formed of air only. A piece of turmeric paper a, 
PL V, Fig, 4* and a piece of litmus paper 6, were 
dipp^ in solution of sulphate of soda, put to- 
g<^W so as to form one moist pointed conduc- 
tor, and supported on wax between two needle 
points, one, p, connected by a wire with the 
conductor of the machine, and the other, n, 
with the discharging train. The interval in each 
case between the points was about half an inch ; 
the positive point p was opposite the litmus pa- 
per; the negative point n opposite the turmer- 
ic. The machine was then worked for a time, 
upon which evidence of decomposition quickly 
appeared, for the point of the litmus h became 
r^dened from acid evolved there, and the point 
of the tiumeric a red from a similar and simul- 
taneous evolution of alkali. 

466. Uponturningthepaperconductorround, 
so that the litmus point should now give off 
the positive electricity, and the turmeric point 
receive it, and working the machine for a short 
time, both the red spots disappeared, and as on 
continuing the action of the machine no red 
spot was re-formed at the Utmus extremity, it 
proved that in the first instance (463) the ef- 
f^t was not due to the action of brushes or 
mere electric discharges causing the formation 
of nitric acid from the air (322). 

467. If the combined litmus and turmeric pa- 
per in this experiment be considered as con^i- 
tuting a conductor independent of the machine 
or the discharging train, and the final places of 
the elements evolved be considered in relation 
to thds conductor, then it will be found that 
the acid collects at the negative or receiving end 
or pole of the arrangement, and the alkali at 
the positive or delivering extremity. 

468. Similar Htmus and turmeric paper pomts 
were now placed upon glass plates, and con- 
nected by a string six f^ long, both string and 
pwpor being moishmed in solution of sulphate 

soda; a needle point connected with the ma- 
4C^e was broue^t opposite the litmus paper 
^point, andanothernee^ point connected with 
pladatfAari^ bsou^t c^porite the tun- 


merie paper« On working the maclune^ acid 
peered on the litmus, and alkali on riie turmeric 
paper; but the latter was not so abundant asin 
former cases, for much of the electricity passed 
off from the string into the air, and diminished 
the quantity discharged at the turmeric point. 

469. Finally, a series of four small compound 
conductors, consisting of litmus and turmeric 
paper (PI. V, Fig. 6) moistened in solution of 
sulphate of soda, were supported on glass rods, 
in a line at a little distance from each other, 
between the points p and n of the machine and 
discharging train, so that the electricity might 
pass in sueoession through them, entermg in at 
the litmus i^ints 5, 5, and passing oujb at the 
turmeric points a, a. On working the machine 
carefully, so as to avoid sparks and brushes 
(322), I soon obtained evidence of decomposi- 
tion in each of the moist conductors, for k\l the 
litmus points exhibited free acid, and the tur- 
meric points equally showed free alkali. 

470. On using solutions of iodide of potassi- 
um, acetate of lead, &c., similar effects were ob- 
tained; but as they were all consistent with the 
results above described, I refrain from describ- 
ing the appearances minutely. 

471. These cases of electro-chemical decom- 
position are in their nature exactly of the same 
kind as those affected under ordinary circum- 
stances by the voltaic battery, notwithstand- 
ing the great differences as to the presence or 
absence, or at least as to the nature of the parts 
usually called poles; and also of the final situa- 
tion of the elements eliminated at the electri- 
fied boundary surface (467). They indicate at 
once an internal action of the parts suffering 
decomposition, and appear to show that the 
power which is effectual in separating the ele- 
ments is exerted there and not at the poles. 
But 1 shall defer the consideration of this point 
for a short time (493, 518), that I may previ- 
ously consider another supposed condition of 
electro-chemical decomposition.^ 

1 1 find (since making and describing these results*) 
from a note to Sir Humphry Davye paper in the 
PhiloBophicaJl TranBoetiona. 1807, p. 31, that that 
philosopher, in repeating WoUaston’s experiment of 
the decomposition of water by common electricity 
(327, 330) used an arrangement somewhat like some 
of those 1 have described. He immersed a guarded 
platina point connected with the machine in distilled 
water, and dissipated the electricity from the water 
into the air by moistened filaments of cotton. In this 
way he states that he obtained oxygen and hydrogen 
Beparately from each other. This experiment, had 1 
known of it, ought to have been quoted in an earlier 
series of thm MeBearchea (84Z); but it doea not re- 
move any of the objections I have made to the use 
of Woilaston'k apparatus aa a test of true ^ethical 
aotioii <831>. / ;! 
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1[ iL Influence ^ Water m Medfn-^iimical 
Decomposition 

472. It iB the opinion of several philosophers^ 
that the presenee of water is essential in diec- 
tro-ehemicai decomposition! and also for the 
evolution of electricity in the voltaic battery 
itself. As the decomposing cell is merely one of 
the cells of the battery, into which particular 
substances are introduced for the purpose of 
experiment, it is probable that what is an es- 
sential condition in the one case is more or less 
so in the other. The opinion, therefore, that 
water is necessary to decomposition, may have 
been founded on the statement made by Sir 
Humphry Davythat^^therearenofluids known, 
except such as contain water, which are capa- 
ble of being made the medium of connexion 
between the metals or metal of the voltaic ap- 
paratus”;^ and again, ^Vhen any substance 
rendered fluid by heat, consisting of watery ox- 
ygen, and inflammable or metallic matter, is 
exposed to those wires, similar phenomena (of 
decomposition) occur.”* 

473. This opinion has, I think, been shown by 
other philosophers not to be accurate, though 
I do not know where to refer for a contradic- 
tion of it. Sir Humphry Davy himself said in 
1801,* that dry nitre, caustic potash and soda 
are conductors of galvanism when rendered 
fluid by a high degree of heat ; but he must have 
considered them, or the nitre at least, as not 
suflFermg decomposition, for the statements 
above were made by him eleven years sub- 
sequently. In 1826 he also pointed out, that 
bodies not containing water, as fused litharge 
and chlorate of potassoy were sufficient to form, 
with platina and zinc, powerful electromo- 
tive circles;^ but he is here speaking of the pro- 
duction of electricity in the pile, and not of its 
effects when evolved; nor do his words at all 
imply that any correction of his former dis- 
tinct statements relative to decomposition was 
required. 

474. 1 may refer to the last series of these 
Experimenial Researches (380, 402) as setting 
the matter at rest, by proving that there are 
hundreds of bodies equally influential with wa- 
ter in this respect; that amongst binary com- 
pounds, oxides, chlorides, iodides, and even sui- 
phureis (402) were effective; and that amongst 
more complicated compounds, cyanides and 
salts; of equal eflBcacyr occurred in great nuin- 
bers(4Q2). 

> StememM of Chemical PhUeae^Vt P« 169, 
ppi 144, 146. _ 
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475. Water, therefore, is in this respect mere- 
ly one of a very num^ous class of substances^ 
instead of being the only one and essenlud; mi 
it is of that class one of the worst as to its capar 
l^ity of facilitating conduction and suffering 
decomposition. The reasons why it obtained 
for a time an exclusive character which it so 
little deserved are evident, and consist in the 
general necessity of a fluid condition (394); in 
its being the ordy one of this class of bodies ex- 
isting in the fltdd state at common tempera- 
tures; its abundant supply as the great natural 
solvent; and its constant use in that character 
in philosophical investigations, because of its 
having a smaller interfering, injurious, or com- 
plicating action upon the bodies, either dis- 
solved or evolved, than any other substance. 

476. The analogy of the decomposing or ex- 
perimental cell to the other cells of the voltaic 
battery renders it nearly certain that any of 
those substances which are decomposable when 
fluid, as described in my last paper (402), 
would, if they could be introduced between the 
metallic plates of the pile, be equally effectual 
with water, if not more so. Sir Humphry Davy 
found that litharge and chlorate of potassa 
were thus effectual.* I have construct^ vari- 
ous voltaic arrangements, and found the above 
conclusion to hold good. When any of the fol- 
lowing substances in a fused state were inter- 
posed between copper and platina, voltaic ac- 
tion more or less powerful was produced. Nitre; 
chlorate of potassa; carbonate of potassa; sul- 
phate of soda; chloride of lead, of sodium, of 
bismuth, of cdcium; iodide of lead; oxide of 
bismuth ; oxide of lead ; the electric current was 
in the same direction as if acids had acted upon 
the metals. When any of the same substances, 
or phosphate of soda, were made to act on plat- 
ina and iron, still more powerful voltaic com- 
binations of the same kind were produced. 
When eitiier nitrate of silver or chloride of sil- 
ver was the fluid substance interposed, there 
was voltaic action, but the electric current was 
in the reverse direction. 

fin. Theory of Ek(^o<hemk(d Decompositim 

477. The extreme beauty and value of 

tro**diemical decompositions have given to thaA, 
power whirii the voltaic pile possesses ol cams^ 
ing their oceurr^ce an interest surpassing tU# 
of any otiier of its properties; for powor ^ 

not only intxmatdy connected with the 
tinuance, if not with the productiioit, of thd 
dteei»ical phenomena, but it has furnhbed w 
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vfith the most beautiful demonstrations of the 
nature of many compound bodies: has in the 
hands of Becquerel been employed in. com*^ 
pounding substances ; has given us several new 
combinations, and sustains us with the hope 
that when thoroughly understood it will prch 
duoe many more. 

478. What may be considered as the general 
facts of electro-chemical decomposition are 
agreed to by neaiiy all who have written on 
the subject. They consist in the separation of 
the decomposable substance acted upon into 
its proximate or sometimes ultimate principles, 
whenever both poles of the pile are in contact 
with that substance in a proper condition: in 
the evolution of these principles at distant 
points, i.e., at the poles of the pile, where they 
aie either finally set free or enter into union 
with the substance of the poles ; and in the con- 
stant determination of the evolved elements or 
principles to particular poles according to cer- 
tain well-ascertained laws. 

479. But the views of men of science vary 
much as to the nature of the action by which 
these effects are produced; and as it is certain 
that we shall be better able to apply the power 
when we really understand the manner in which 
it operates, this difference of opinion is a strong 
inducement to further inquiry. I have been led 
to hope that the following investigations might 
be considered, not as an increase of that which 
is doubtful, but a real addition to this branch 
of knowledge. 

480. It will be needful that I briefly state the 
views of electro-chemical decomposition already 
put forth, that their present contradictory and 
unsatisfactory state may be seen before I give 
that which seems to me more accurately to 
agree with facts; and I have ventured to dis- 
cuss them freely, trusting that I should give no 
offence to their high-minded authors; for I felt 
convinced that if I were right, they would be 
pleased that their views should serve as step- 
ping-stones for the advance of science; and 
that if I were wrong, they would excuse the 
zeal which misled me, since it was exerted for 
the service of that great cause whose prosper- 
ity and progress they have desired. 

481. Grotthuss, in the year 1805, wrote ex- 
pressly on the decomposition of liquids by vol- 
taic electricity.^ He considers the pile as an 
electric magnet, i.e., as an attractive and repul- 
sive ageht; the poles having offradt&e and repeh 
Ung lowers. The pole from whence resinous 
el^otricity issues attracts hydrogen and repels 

4 AmtOeB de Chimie, 1806. Vol. LVHL p. 64. 


oxygen, whilst that from which vitreous elec- 
tricity proceeds attracts oxygen and repels hy- 
drogen; so that each of the elements of a par- 
ticle of water, for instance, is subject to an at- 
tractive and a repulsive force, acting in con- 
trary directions, the centres of action of which 
are reciprocally opposed. The action of each 
force in relation to a molecule of water situated 
in the course of the electric current is in the in- 
verse ratio of the square of the distance at 
which it is exerted, thus giving (it is stated) 
for such a molecule a constant force.^ He ex- 
plains the appearance of the elements at a dis- 
tance froippach other by referring to a succes- 
sion of decompositions and recompositions oc- 
curring amongst the intervening pmticles,® 
and he thinks it probable that those wAich are 
about to separate at the poles unite to me two 
electricities there, and in consequence become 
gases.* \ 

482. Sir Humphry Davy’s celebrated Bakcr- 
ian Lecture on some chemical agencies of elec- 
tricity was read in November 1806, and is al- 
most entirely occupied in the consideration of 
electro-chemical decompositions. The facts are of 
the utmost value, and, with the general points 
established, are universally known. The mode 
of action by which the effects take place is stat- 
ed very generally, so generally, indeed, that 
probably a dozen precise schemes of electro- 
chemical action might be drawn up, differing 
essentially from each other, yet all agreeing 
with the statement there given. 

483. When Sir Humphry Davy uses more 
particular expressions, he seems to refer the de- 
composing effects to the attractions of the 
poles. This is the case in the ‘‘general expres- 
sion of facts” given at pp. 28 and 29 of the 
Philosophical Transactions for 1807, also at p. 
30. Again at p. 160 of the Elements of Chemical 
Philosophy t he speaks of the great attracting 
powers of the surfaces of the poles. He men- 
tions the probability of a succession of decom- 
positions and recompositions throughout the 
fluid, agreeing in that respect with Grott- 
huss and supposes that the attractive and re- 
pellent agencies may be communicated from 
the metallic surfaces throughout the whole of 
the menstruum^*, being communicated from one 
particle to another particle of the same kvndy^ and 
diminishing in strength from the place of the 
poles to the middle point, which is necessarily 

* Ibid., pp. 60. 67: also Vol. LXIII. p. 20. 

» Ibid., ^1. LVIII. p. 68; Vol. LXIII. p. 20. 

« Ibid., Vol. LXIII. p. 34. 

» Philoso^^ioal Tramections, 1807^ pp. 20, 80. 

• /M., p. V /M., p. 
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neutral.^Inrefer6nce to thisdimimitionof power 
at increased distances from i^e poiesi he states 
that in a circuit of ten inches of water, solution 
of sulphate of potassa placed four inches from 
the positive pole, did not decompose; whereas 
when only two inches from that pole, it did ren- 
der up its elements.^ 

484. When in 1826 Sir Humphry Davy wrote 
again on this subject, he stated that he found 
nothing to alter in the fundamental theory 
laid down in the original communication,* and 
uses the terms attraction and repulsion appar- 
ently in the same sense as before.* 

485. Messrs. Riffault and Chompr4 experi- 
mented on this subject in 1807. They came to 
the conclusion that the voltaic current caused 
decompositions throughout its whole course in 
the humid conductor, not merely as prelimi- 
nary to the recompositions spoken of by Grott- 
huss and Davy, but producing final separation 
of the elements in the course of the current, and 
elsewhere than at the poles. They considered 
the negative current as collecting and carrying 
the acids, &c., to the positive pole, and the pos- 
itive current as doing the same duty with the 
bases, and collecting them at the negative pole. 
They likewise consider the currents as more 
powerful the nearer they are to their respective 
poles, and state that the positive current is su- 
perior in power to the negative current.® 

486. M. Biot is very cautious in expressing 
an opinion as to the cause of the separation of 
the elements of a compound body.® But as far 
as the effects can be understood, he refers them 
to the opposite electrical states of the portions 
of the decomposing substance in the neigh- 
bourhood of the two poles. The fluid is most 
positive at the positive pole; that state gradu- 
ally diminishes to the middle distance, where 
the fluid IS neutral or not electrical; but from 
thence to the negative pole it becomes more 
and more negative.^ When a particle of salt is 
decomposed at the negative pole, the acid par- 
ticle is considered as acquiring a negative elec- 
trical state from the pole, stronger than that of 
the surrounding undecomposed particles, and is 
therefore repelled fromamongst th^, and from 
out of that portion of the liquid towards the 
positive pole, towards which also it is drawn 
by the attraction of the pole itself and the par- 
ticles of positive undecomposed fluid around it.® 


487. M. Biot does not appear to admit tiie 
successive decompositions and recompodtions 
spoken of by Grotthuss, Davy, &c., &c.; but 
seems to consider the substance whilst in trans- 
it as combined with, or rather attached to^ the 
electricity for the time,® and though it com- 
municates this electricity to the surrounding 
undccomposed matter with which it is in con- 
tact, yet it retains during the transit a little su- 
periority with respect to that kind which it first 
received from the pole, and is, by virtue of that 
difference, carried forward through the fluid to 
the opposite pole.^® 

488. This theory implies that decomposition 
takes place at both poles upon distinct portions 
of fluid, and not at all in the intervening parts. 
The latter serve merely as imperfect conduc- 
tors, whicli, assuming an electric state, urge 
particles electrified more highly at the pote 
through them in opposite directions, by virtue 
of a series of ordinary electrical attractions and 
repulsions.^ 

489. M. A. de la Rive investigated this sub- 
ject particularly, and published a paper on it 
in 1825.^® He thinks those who have referred 
the phenomena to the attractive powers of the 
poles, rather express the general fact than give 
any explication of it. He considers the results 
as due to an actual combination of the ele- 
ments, or rather of half of them, with the elec- 
tricities passing from the poles in consequence 
of a kind of play of affinities between the mat- 
ter and electricity.^® The current from the pos- 
itive pole combining with the hydrogen, or the 
bases it finds there, leaves the oxygen and acids 
at liberty, but carries the substances it is unit- 
ed with across to the negative pole, where, be- 
cause of the peculiar character of the metal as 
a conductor,^* it is separated from them, enter- 
ing the metal and leaving the hydrogen or 
bases upon its surface. In the same manner the 
electricity from the negative pole sets the hy- 
drogen and bases which it finds there, free, but 
combines with the oxygen and acids, carries 
them across to the positive pole, and there de- 
posits them.^® In this respect M. de la Rive’s 
hypothesis accords in part with that of MM. 
Riffault and Chompr4 (485). 

490. M. de la Rive considers the portions of 
matter which are decomposed to be those cosh* 
tiguous to boiti poles.^® He does not admit witli 


* Ibid., p. 42. • Ibid., 182% p. 383. 

» Ibid., p. 42. < im.,'pp. iS9, 407. 416. 

« Annales de Chimie, 1807 JToL LXIIl, p. 83. dco. 
•PrScis EUimmtaire de Phpeieue, 3"^ Sdition. 
1824. VoI.ImP. 041. 

’/Sid., p. 087. i2M.,pp.641.642. 


• Ibid.^ p. 636. » Ibid., p. 642. 

a/Wd.. pp. 638, 642. 

u AnnaUB dk CMmkf VoL XXVIII, p. 100. 

» Annalee de Chimie, Vol. XXVm. pp. 200. 202 
M Z6id., p; 202. u/Md., .|K 201. 

»/6ftf.,pp. 107. 198. 
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others the sueoessive decompositioiis and re- 
eompositionfi in the whole course of the dec- 
trieitythroughthehumidconductor, 'but thinly 
the middle parts are in themselves unaltered, 
or at least serve only to conduct the two con- 
trcury currents of electricity and matter which 
set off from the opposite poles.^ The decompo- 
sition, therefore, of a pi^icle of water, or a 
particle of salt, may taJce place at either pole, 
and when once effected, it is final for the time, 
no recombination taking place, except the mo- 
mentary union of the transferred particle with 
the electricity be so considered. 

491. The latest communication that I am 
aware of on the subject is by M. Hachette: its 
date is October 1832.^ It is incidental to the de- 
scription of the decomposition of water by the 
magneto-electric currents (346). One of the re- 
mits of the experiment is, that is not neces- 
sary, as has been supposed, that for the chem- 
ical decomposition of water, the action of the 
two electricities, positive and negative, should 
be simultaneous.'' 

492. It is more than probable that many 
other views of electro-chemical decomposition 
may have been published, and perhaps amongst 
them some which, differing from those above, 
might, even in my own opinion, were I ac- 
quainted with them, obviate the necessity for 
the publication of my views. If such be the case, 
I have to regret my ignorance of them, and 
apologize to the authors. 

493. That electro-chemical decomposition 
does not depend upon any direct attraction 
and repulsion of the pole^ (meaning thereby 
the metallic terminations either of the voltaic 
battery, or ordinary electrical machinearrange- 
ments {312}), upon the elements in contact 
with or near to them, appeared very evident 
from the experiments made in air (462, 465, 
&c.), when the substances evolved did not col- 
lect, about any poles, but, in obedien^ to the 
direction of the current, were evolved, and I 
would say ejected, at the extremities of the de- 
composingBubstance, But notwithstanding the 
extienm dissimilarity in the character of air 
and metals, and the almost total difference ex- 
isting between them as to their mode of con- 
ducting electricity, and becoming charged with 
it, it might perhaps still be contended, although 
quite h 3 rpothetically, that the bounding por- 
tions of air were now the j^aces or places of 
attraction, as the metalshad be^ supposed to 
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be before. In iOustmtion of tiris and other 
points, 1 endeavoured to devise an arrange^ 
mentby which Icould deconiposea body against 
a surface of water, as well as i^ainst air or met* 
al, and succeeded in doing so unexceptionably 
in the following manner. As the experiment for 
very natural reasons requires many precau*- 
tions, to be successful, and will be referred to 
hereafter in illustration of the views I shall 
venture to give, I must describe it minutely. 

494. A gl^ basin (PL V, Fig, 6), four inches 
in diameter and four inches deep, had a divi- 
sion of mica a, fixed across the upper part so as 
to descendtJne inch and a half below tpe edge, 
and be perfectly water-tight at theWdes: a 
plate of platina 5, three inches wide, was put 
into the basin on one side of the division a, and 
retained there by a glass block below, Ito that 
any gas produced by it in a future stage\of the 
experiment should not ascend beyond the mi- 
ca, and cause currents in the liquid on that 
side. A strong solution of sulphate of magnesia 
was carefully poured without splashing into 
the basin, until it rose a little above the lower 
edge of the mica division a, great care being 
talmn that the glass or mica on the unoccupied 
or c side of the division in the figure, shoulcj not 
be moistened by agitation of the solution above 
the level to which it rose. A thin piece of clean 
cork, well-wetted in distilled water, was then 
carefully and lightly placed on the solution at 
the e side, and distilled water poured gently on 
to it until a stratum the eighth of an inch in 
thickness appeared over the sulphate of mag- 
nesia; all was then left for a few minutes, that 
any solution adhering to the cork might sink 
away from it, or be removed by the water on 
whi^ it now floated; and then more distilled 
water was added in a similar manner, until it 
reached nearly to the top of the glass. In this 
way solution of the sulphate occupied the low- 
er part of the glass, and also the upper on the 
right-hand side of the mica; but on the left- 
hand side of the divi^on a stratum of water 
from cto d, one inch and a half in depth, re-, 
posed upon it, the two presenting, when looked 
through horizontally, a comparatively definite 
plane of contact A second platina pole e, was 
arranged so as to be just under the surface of 
the water, in a position nearly horizontal, a 
little inclination being given to it, that gaii 
evolved during decomposition might escape: 
the part iipmersed was three inches and a half 
long by 01 ^ ixicb wide, and about seven-ei^ths 
of an inch of water intervene li^weehit apd 
the solution of sqjphate of magii6ria> . 
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495« Tbe Uttw pok e ms mow ^imected 
with the negative end of a voltaic battery, of 
forty pairs of ^tes four inches square, wUlst 
tibie former pole b was cozmeeted with the pom- 
live end. There was action and gas evolv^ at 
both poles; but from the intervention of the 
pure watm*, the deeompositicm was very feeble 
compared to what the battery would have ef- 
fect^ in a uniform solution. After a little while 
Qess than a minute), magnesia also appeared 
at the negative side: it did not make its appear- 
ance at the negaUve metallic pole, but in ike war 
ter, at the plane where the solution and the war 
ter met; and on looking at it horizontally, it 
could be there perceived lying in the water up- 
on the solution, not rising more than the fourth 
of an inch above the latter, whilst the water 
between it and the negative pole was perfectly 
clear. On continuing the action, the bubbles of 
hydrogen rising upwards from the negative 
pole impressed a circulatory movement on the 
stratum of water, upwards in the middle, and 
downwards at the side, which gradually gave 
an ascending form to the cloud of magnesia in 
the part just under the pole, having an appear- 
ance as if it were there attracted to it: but this 
was altogether an effect of the currents, and 
did not occur until long after the phenomena 
looked for were satisfactorily asceitained. 

496. After a little while the voltaic communi- 
cation was broken, and the platina poles re- 
mold with as little agitation as possible from 
the water and solution, for the purpose of ex- 
amining the liquid adhering to them. The pole 
6, when touched by turmeric paper, gave no 
traces of alkali, nor could anything but pure 
water be found upon it. The pole 6, though 
drawn through a much greater depth and quan- 
tity of fluid, was found so acid as to give abun- 
dant evidence to litmus paper, the tongue, and 
other tests. Hence there h^ been no interfer- 
ence of alkaline salts in any way, undergoing 
first decomposition, and then causing the sep- 
aration of the magnema at a distance from the 
pole by mere chemical ajgencies. This experi- 
ment was repeated again and again, atkd al- 
ways successfully; 

497. As, tiierefore, the substances evolved in 
cases of electro-ehemieal decomposition may 
be made to appear ai^dnst air (465, 469)Tr 
whieh^ according to cconmmi language, is not a 
ccmdnctor, nor is decH^mposed, or a^tuast wh- 
ter <496), which is aecmductor, and can bade** 
comppa^^-rfusi well as as^Bunst the metal pi^es, 

are c^hcntcdnduot&m, but undecom- 
poeal4e;4iim but Kttierea^ toeoa- 


sader the {dmnonma generally, as due to the 
attraction or . attractive powers of the latter, 
when used in the ordinary way, since similar 
tractions can hardly be imagined in the former 
instances^ 

498. It may be said that the surfaces of ak 
or of water in these cases become the poles, 
and exert attractive powers; but what proof is 
there of that, except the fact that the matters 
evolved collect there, which is the point to 
be explained, and cannot be justly quoted as its 
own explanation? Or it may be said that any 
section of the humid conductor, as that in the 
present case, where the solution and the water 
meet, may be considered as representing the 
pole. But such does not appear to me to the 
view of those who have written on the subject, 
certainly not of some of them, and is inconsist- 
ent with the supposed laws which they have 
assumed, as governing the diminution of pow- 
er at increas^ distances from the poles. 

499. Grotthuss, for instance, describes the 
poles as centres of attractive and repulsive 
forces (481), these forces varying inversely aa 
the squares of the distances, and says, there- 
fore, that a particle placed anywhere between 
tbe poles will be acted upon by a constant 
force. But the compound force, resulting from 
such a combination as he supposes, would be 
an 3 rthing but a con^ant force; it would evi- 
dently be a force greatest at the poles, and di- 
minishing to the middle distance. Grotthuss is 
right, however, in the fact, according to my ex- 
periments (502, 505), that the particles are act- 
ed upon by equal force everywhere in the cir- 
cuit, when the conditions of the experiment are 
the simplest possible; but the fact is ^ainat 
his theory, and is also, I think, against all the- 
ories that place the decomposing effect in the 
attractive power of the poles. 

500. Sir Humphry Davy, who also speaks of 
the diminution of power with increase of dis- 
tance from the poles^ (483), supposes, that 
when both poles are acting on substances to 
decompose them, still the power of decomposi- 
tion d/^irmhea to tbe middle distance. In this 
statement of fact he is opposed to Grotthi|i^ 
aPd quotes an experiment in which sulphate 
I^otassa, placed at different distances from tim 
poles in a humid conductor of constant tengih^ 
decomposed when near the pole, but not/whiian 
at a distimee. Sudh a consequence would necf- 
essariiy result theoretically from con^dsriz^ 
the p(te asoentritopf attraction and 

but 1 have hot found the stafozOtot b^e out 
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by other experiments (505); and in the one 
quoted by hhn the ^eet was doubtless doe to 
some of the many interfering causes of varia- 
tion which attend such investigations. 

501. A glass vessel had a platina plate fixed . 
perpendicularly across it, so as to divide it into 
two cells ; a head of mica was fixed over it, so as 
to collect the gas it might evolve during exper- 
iments; then each cell, and the space beneath 
the mica, was filled with dilute sulphuric acid. 
Two poles were provided, consisting each of a 
platina wire terminated by a plate of the same 
metal; each was fixed into a tube passing 
through its upper end by an air-tight joint, 
that it might be moveable, and yet that the 
gas evolved at it might be collected. The tubes 
were filled with the acid, and one immersed in 
each cell. Each platina pole was equal in sur- 
iace to one side of the dividing plate in the 
middle glass vessel, and the whole might be 
considered as an arrangement between the poles 
of the battery of a humid decomposable con- 
ductor divided in the middle by the interposed 
platina diaphragm. It was easy, when required, 
to draw one of the poles further up the tube, 
and then the platina diaphragm was no longer 
in the middle of the humid conductor. But 
whether it were thus arranged at the middle, 
or towards one side, it always evolved a quan- 
tity of oxygen and hydrogen equal to that 
evolved by both the extreme plates.^ 

502. If the wires of a galvanometer be term- 
inated by plates, and these be immersed in di- 
lute acid, contained in a regularly formed rec- 
tangular glass trough, connected at each end 
with a voltaic battery l/y poles equal to the 
section of the fiuid, a part of the electricity will 
pass through the instrument and cause a cer- 
tain defieetion. And if the plates are always re- 
tained at the same distance from each other and 
from the sides of the trough, are always paral- 
lel to each other, and uniformly placed relative 
to the fluid, then, whether they are immersed 
near the middle of the decomposing solution, 
or at one end, still the instrument will indicate 
the same deflection, and consequently the same 
^ectric influence. 

503. It is very evident, that when the width 
of the decomposing conductor varies, as is al- 
ways the case wh^ mere wires or plates, as 
poles, are dipped into or are surrounded by so- 
lution, no constant expression can be given as 

t There are certain precautions, in this and such 
^experiiaente, which can only be understood and 
iroatded against by a knowledge of the phenomena 
is he described in the first part of the Sixth Series of 
Chisse Esfisfuiss. 


to the action upon a single particle placed in 
the course of the current, nor any conclusion of 
use, relative to the supposed attractive or re- 
pulsive force of the poles, be drawn. The force 
will vary as the distance from the pole varies; 
as the particle is directly between the poles, or 
more or less on one side; and even as it is near- 
er to or farther from the sides of the containing 
vessels, or as the shape of the vessel itself var- 
ies; and, in fact, by making variations in the 
form of the arrangement, the force upon any 
single particle may be made to increase, or di- 
minish, or remain constant, whilst the distance 
between the particle and the pole shall remain 
the same*; or the force may be made to pcrease, 
or diminish, or remain constant, either as the 
distance increases or as it diminishes.! 

504. From numerous experiments, 11 am led 
to believe the following general expression to 
be correct; but I purpose examining ii much 
further, and would therefore wish not' to be 
considered at present as pledged to its accura- 
cy. The sum of chemical decomposition is con-- 
slant for any section taken across a decompos- 
ing conductor, uniform in its nature, at what- 
ever distance the poles may be from each other 
or from the section; or however that section 
may intersect the currents, whether directly 
across them, or so oblique as to reach almost 
from pole to pole, or whether it be plane, or 
curved, or irregular in the utmost degree; pro- 
vided the current of electricity be rets^ined 
constant in quantity (377), and that the sec- 
tion passes through every part of the current 
through the decomposing conductor. 

505. 1 have reason to believe that the state- 
ment might be made still more general, and ex- 
pressed thus: That for a constant quanlUy of 
dectridtyf whatever the decomposing conductor 
may he, whether water, saline solutions, adds, 
fused bodies, &c., the amount of electro-chemical 
action is also a constant quantity, t.e., would al- 
ways he equivalent to a standard chemical effect 
founded upon ordinary chemical affinity, I have 
this investigation in hand^ with several others, 
and shall be prepared to give it in the next ser- 
ies but one of these Researches, 

506. Many other arguments might be ad- 
duced against the hypotheses of the attraction 
of the poles being the cause of electro-chemical 
decomposition; but 1 would rather pass on to 
the view 1 have thought more consistent with 
facts, with this angle remark; that if decom- 
position by the voltaic battery depended upon 
the attractioa of the poles, or the parts almt 
them, bemg strongo: timn ihE mirtual attrae** 
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tion of the particles separated, it would follow 
thattheweakeste24»;<nca^attraetionwasstrong- 
er than, if not the strongest, yet very strong 
diemcal attraction, namely, such as exists be- 
tween oxygen and hydrogen, potassium and 
oxygen, chlorine and sodium, acid and alkali, 
&c., a consequence which, although perhaps 
not impossible, seems in the present state of 
the subject very unlikely. 

507. The view which M. de la Rive has taken 
(489), and also MM. Riffault and Chompr4 
(485), of the manner in which electro-chemical 
decomposition is effected, is very different to 
that already considered, and is not affected by 
either the arguments or facts urged against the 
latter. Considering it as stated by the former 
philosopher, it appears to me to be incompe- 
tent to account for the experiments of decom- 
position against surfaces of air (462, 469) and 
water (495), which I have described; for if the 
physical differences between metals and hu- 
mid conductors, which M. de la Rive supposes 
to account for the transmission of the com- 
pound of matter and electricity in the latter, 
and the transmission of the electricity only 
with the rejection of the matter in the former, 
be allowed for a moment, still the analogy of 
air to metal is, electrically considered, so small, 
that instead of the former replacing the latter 
(462), an effect the very reverse might have 
been expected. Or if even that were allowed, 
the experiment with water (496), at once sets 
the matter at rest, the decomposing pole being 
now of a substance which is admitted as com- 
petent to transmit the assumed compound of 
electricity and matter. 

508. With regard to the views of MM. Rif- 
fault and Chompr4 (486), the occurrence of de- 
composition alone in the course of the current 
is so contrary to the well-known effects ob- 
tained in the forms of experiment adopted up 
to this time, that it must be proved before the 
hypothesis depending on it need be considered. 

509. The consideration of the various the- 
ories of electro-chemical decomposition, whilst 
it has made me diffident, has also given me con- 
fidence to add another to the number; for it is 
because the one I have to propose appears, after 
the most attentive consideration, to explain 
and agree with the immense collection of facts 
belonging to this branch of science, and to re- 
main oncontradicted by, or unopposed to, any 
of them, that I have been encouraged to give it. 

51& Electro-chemical decomposition is well 
known to itepend essentially up(m the current 
of electricity. I have shoum that in certain 


cases (375) the decomposition is proportionate 
to the quantity of electricity passing, whatever 
may be its intensity or its source, and that the 
same is probably true for all cases (377) even 
when the utmost generality is taken on the one 
hand, and great precision of expression on the 
other (605). 

511. In speaking of the current, I find myself 
obliged to be still more particular than on a 
former occasion (283), in consequence of the 
variety of views taken by philosophers, all 
agreeing in the effect of the current itself. Some 
philosophers, with Franklin, assume but one 
electric fluid; and such must agree together in 
the general uniformity and character of the 
electric current. Others assume two electric 
fluids ; and here singular differences have arisen. 

512. MM. Riffault and Chompr4, forinstance, 
consider the positive and negative currents each 
as causing decomposition, and state that the 
positive current is more powerful than the neg- 
ative current,* the nitrate of soda being, under 
similar circumstances, decomposed by the for- 
mer, but not by the latter. 

613. M. Hachette states® that ^‘it is not nec- 
essary, as has been believed, that the action of 
the two electricities, positive and negative, 
should be simultaneous for the decomposition 
of water.^' The passage implying, if I have 
caught the meaning aright, that one electricity 
can be obtained, and can be applied in effect- 
ing decompositions, independent of the other. 

514. The view of M. de la Rive to a certain 
extent agrees with that of M. Hachette, for he 
considers that the two electricities decompose 
separate portions of water (490).* In one pas- 
sage he speaks of the two electricities as two 
influences, wishing perhaps to avoid offering a 
decided opinion upon the independent exist- 
ence of electric fluids; but as these influences 
are considered as combining with the elements 
set free as by a species of chemical affinity, and 
for the time entirely masking their character, 
great vagueness of idea is thus introduced, in- 
asmuch as such a species of combination can 
only be conceived to take place between things 
having independent existences. The two ele- 
mentary electric currents, moving in opposite* 
directions, from pole to pole, constitute the 
ordinary voUaic current. 

515. M. Grotthuss is inclined to believe that 
the elements of water, when about to sepai^te 
at the poles, combine with the electriciti^ and 


1 Annolee d§ Chimie, 1807, Vol. LXIII, p. 34. 
• IWd., 1832, Vol. LI, p. 73. 
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$6 becmne fases. M. de la Rivera view is the 
exact z^verae of this: whilst pasdng through 
the fluids they are, according to him, com*^ 
pounds with the electricities; when evolved at 
the poles, they are de^lectr^ed. 

616. 1 have sought amongst the various ex- 
periments quoted in support of these views, or 
connected with electro-chemical decomposi- 
tions or electric currents, for any which might 
be considered as sustaining the theory of two 
electricities rather than that of one, ^t have 
not been able to perceive a single fact which 
could be brought forward for such a purpose: 
or, admitting the hypothesis of two electric- 
ities, much less have I been able to perceive the 
slightest grounds for believing that one elec- 
tricity in a current can be more powerful than 
4iie other, or that it can be present without the 
other, or tbatoneeanbe variedor in the slightest 
degree affected, without a corresponding vari- 
ation in the other If, upon the supposition of 
two electricities, a current of one can be ob- 
tained without the other, or the current of one 
be exalted or diminished more than the other, 
we might surely expect some variation either 
of the ^emical or magnetical effects, or of both ; 
but no such variations have been observed. If 
a current be so directed that it may act chem- 
ically in one part of its course, and magnetical- 
ly in another, the two actions are always found 
to take place together. A current has not, to 
my knowledge, teen produced which could act 
chemically andnotmagnetically, nor any which 
can act on the magnet, and not atVie same time 
chemically.^ 

617. Judging from facts only, there is not as 
yet the sli^test reason for considering the in- 
fluence wMch is present in what we call the 
dectric current,— whether in metals or fused 
bodies or humid conductors, or even in air, 
flame, and rarefied elastic media, — as a com- 
pound or complicated influence. It has never 
been resolved into simpler or elementary in- 
fio^ices, and may perhaps test be conceived 
erf as an axis of power hemng contrary forces, esc- 
axdy equal in amount, in contrary directions. 


618. Passing to the consideration of electro- 
chemical decomposition, it ai^ears to me that 
Mo dBfect is produced by an inUmal corpuscular 
exerted according to the direction of the 


i fleenew in relatiOB to tlus subject, 16:27^1646.^ 

/ 'Itemo-eleetnc currents are of course no esoeg- 
when they fail to act ohemioaUy they 
l|it to be .currents.' 


deetrie conefit^'and Ibat it Is due to a force 
. either super-added to, or qmngdirecthn to the 
ordinary chemical affinity of the bodies ptesent. 
The body under decomposition may be eondd- 
ered as a mass of acting particles, all those 
which are included in the course of the dectrio 
current contributing to the flnal effect; and it 
is because the ordinary chemical affinity is re- 
lieved, weakened, or partly neutralized by the 
influence of the electric current in one direc- 
tion parallel to the course of the latter, and 
strengthened or added to in the opposite direc- 
tion, that the combining particles have a ten- 
dency to^pasB in opposite courses, j 

519. In this view the effect is consinered as 
essentially dependent upon the mvlual)diemical 
affinity of the particles of opposite kinds. Par- 
ticles a a, PI. V, Fig. 7, could not be transferred 
or travel from one pole N towards the other P, 
unless they found particles of the opposi^ kind 
b b ready to pass in the contrary direction: for 
it is by virtue of their increased affinity for 
those particles, combined with their diminished 
affinity for such as are behind them in their 
course, that they are urged forward: and when 
any one particle a, Pi. V, Fig, 8, arrives at the 
pole, it is excluded or set free, because the par- 
ticle b of the opposite kind, with which it was 
the moment before in combination, has, under 
the superinducing influence of the current, a 
greater attraction for the particle a', which is 
before it in its course, than for the particle a, 
towards which its affinity has been weakened. 

520. As far as regards any single compound 
particle, the case may be considered as analo- 
gous to one of ordinary decomposition, for, in 
Fig, 8, a may be conceived to be expelled from 
the compound a b by the superior attraction of 
a! for b, that superior attraction belonging to it 
in consequence of the relative position of a* b 
and a to the direction of the axis of electric 
power (517) superinduced by the currwit. But 
as all the compound particles in the course of 
the current, except those actually in contact 
with the poles, act conjointly, and consist of 
elementary particles, wffich, whilst l^ey are in 
one direction expelling, are in the other being 
expelled, the ease becomes more complicated, 
but not more difficult of comprehension. 

521. It is not here assumed that the acting 
{Articles must be in a ri^t line between the 
poles. The lines of action which may be sup** 
posed to repres^t the electric currents passing 
through a deepmposing liquid, have in many 
experiments ve^ irregMar and'even ta 
the sim{defit tstee of two wires car poukte Jail* 
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m^tsed AS poles m a drop or larger mx^le poih 
tion of .fliiidi tiiese lines must diverge rapidly 
from the poles; and the direction in whic^ the 
chemical affinity between particles is most pow- 
erfully modified (519, 520) will vary with the 
direction of these lines, according constantly 
with them. But even in reference to these Ikes 
or currents, it is not supposed that the parti- 
cles which mutiudly affect each other must of 
necessity be parallel to them, but only that 
they shall accord generally with their direc- 
tion. Two particles, placed in a line perpendic- 
ular to the electric current passing in any par- 
ticular place, are not supposed to have their 
ordinary chemical relations towards each other 
affected ; but as the line joining them is inclined 
one way to the current their mutual affinity is 
increased ; as it is inclined in the other direction 
it is dimii^hed; and the effect is a maximum, 
when that line is parallel to the current.^ 

522. That the actions, of whatever kind they 
may be, take place frequently in oblique direc- 
tions is evident from the circumstance of those 
particles being included which in numerous 
cases are not in a line between the poles. Thus, 
when wires are used as poles in a glass of solu- 
tion, the decompositions and recompositions 
occur to the right or left of the direct line be- 
tween the poles, and indeed in every part to 
which the currents extend, as is proved by 
many experiments, and must therefore often 
occur between particles obliquely placed as re- 
spects the current itself; and when a metallic 
vessel containing the solution is made one pole, 
whilst a mere point or wire is used for the other, 
the decompositions and recompositions must 
frequently be still more oblique to the course 
of the currents. 

523. The theory which I have ventured to 
put forth (almost) requires an admission, that 
in a compound body capable of electro-chem- 
ical decomposition the elementary particles 
have a mutual relation to, and influence upon 
each other, extending beyond those with which 
they are immediately combined. Thus in wa- 
ter, a particle of hydrogen in combination with 
oxygen is considered as not altogether indif- 
ferent to other particles of oxygen, although 
they are combined with other particles of hy- 
drogen; but to have an affmiiy or attraction 
toward them, which, though it does not at sH 
approach in force, under ordinary droum- 
sUnces,tothat by which it is combing with its 

in i^) 4 re&ce to this sudsd aw now electroMc 
h^duodbn and disoharge, StsHes Xll, T vfii. 13^ 
IH51, 40.— laas. \ 


own pa^le, caa, un^ ihe deotiie influ^me, 
exeii^ in a definite direotioxiy be made evm to 
surpass it. This g^eral rdation of particles 
already in combination to other particles 
which they are not combined, is suffioienlly 
distinct in numerous results of a purely chem<* 
ical character; especially in those where partial 
decompositions only t^e place, and in Beis 
thollet’s experiments on the effects of quantity 
upon afiinity: and it probably has a direct re- 
lation to, and connexion with, attraction of 
aggregation, both in solids and fluids. It is a 
remarkable circumstance, that in gases and 
vapours, where the attraction of aggregation 
ceases, there likewise the decomposing powers 
of electricity apparently cease, and there also 
the chemical action of quantity is no longer 
evident. It seems not unlikely that the inadl- 
ity to suffer decomposition in these cases may 
be dependent upon the absence of that mutual 
attractive relation of the particles .which is tire 
cause of aggregation. 

524. 1 hope I have now distinctly stated, al- 
though in general terms, the view I entertain 
of the cause of electro-chemical decomposition, 
08 far as thai muse can at present he traced and 
understood. I conceive the effects to arise from 
forces which are internal^ relative to the mat- 
ter under decomposition — and not external^ as 
they might be considered, if directly dep^d- 
ent upon the poles. 1 suppose that the 
are due to a modification, by the electric cur- 
rent, of the chemical affinity of the particles 
through or by which that current is passing, 
giving them the power of acting more forcibly 
in one direction than in another, and conse- 
quently making them travel by a series of suc- 
cessive decompositions and recompositions in 
opposite directions, and finally causing thw 
expulsion or exclusion at the boundaries of the 
body under decomposition, in the direction of 
the current, and that in larger or smaller quan- 
tities, according as the current is more or less 
powerful (377). I think, therefore, it would be 
more philosophical, and more directly expres- 
sive of the facts, to speak of such a body in 
lation to the current passing through it, rather 
than to the poles, as they are usually called, iii 
contact with it; and say that whilst xmdm: ^ 
composition, oxygen, chlorine, iodine, ac|dS| 
&c., are rendered atits negative extremityiAnd 
combustibles, metals, al^es, bases, at 
its positive extremity (467). I do not belWe 
that a substance can be tr ansfmed in tiie 
trie custent bey<md the point where it ceases 
to find particles with whkk it can oennhme; 
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aiui I may refer to the esq^rim^ts made in air 
(466) and in M^ter (495), already quoted, for 
facts illustrating these views in the first in- 
stance; to which 1 will now add others. 

' 526. In order to show the dependence of the 
decomposition and transfer of elements upon 
the chemical afiinity of the substances present, 
experiments were made upon sulphuric acid in 
the following manner. Dilute sulphuric acid was 
prepared: its specific gravity was 1021.2. A so- 
lution of sulphate of soda was also prepared, of 
such strength that a measure of it contained ex- 
actly as much sulphuric acid as an equal meas- 
ure of the diluted acid just referred to. A solu- 
tion of pure soda, and another of pure ammonia, 
were likewise prepared, of such strengths that a 
measure of either should be exactly neutralized 
by a measure of the prepared sulphuric acid. 

. 626. Four glass cups were then arranged, as 
in PL V, Fig. 9; seventeen measures of the free 
sulphuric acid (525) were put into each of the 
vessels a and 5, and seventeen measures of the 
solution of sulphate of soda into each of the 
vessels A and 6. Asbestos, which had been well- 
washed in acid, acted upon by the voltaic pile, 
well-washed in water, and dried by pressure, 
was used to connect a with h and A with B, the 
portions being as equal as they could be made 
in quantity, and cut as short as was consistent 
with their performing the part of effectual 
communications, b and A were connected by 
two platina plates or poles soldered to the ex- 
tremities of one wire, and the cups a and B 
were by similar platina plates connected with 
a voltaic battery of forty pairs of plates four 
inches square, that in a btnng connected with 
the negative, and that in B with the positive 
pole. The battery, which was not powerfully 
charged, was retained in communication above 
half an hour. In this manner it was certain that 
the same electric current had passed through 
a b and A B, and that in each in^ance the same 
quantity and strength of acid had been sub- 
letted to its action, but in one case merely dis- 
solved in water, and in the other dissolved and 
also combined with an alkali. 

527. On breaking the connexion with the bat- 
tery, the portions of asbestos were lifted out, 
and the drops hanging at the ends allowed to 
fall each into its respective vessel. The acids in 
a and b were then first compared, for which 
purpose two evaporating dishes were balanced, 
and the acid from a put into one, and that from 
5 into the other; but as one was a little heavier 
than the other, a small drop was transferred 
linfe.the heavier to the lighter, and the two 


rendered equal in wdght. Beingneutralized by 
the addition of the soda solution (525), that 
from a, or the negative vessel, required 15 parts 
of the soda solution, and that from 6, or the 
positive vessel, required 16.3 parts. That the 
sum of these is not 34 parts is principally due 
to the acid removed with the asbestos; but 
taking the mean of 15.65 parts, it would ap- 
pear that a twenty-fourth part of the acid orig- 
inally in the vessel a had passed, through the 
influence of the electric current, from a into b. 

528. In comparing the difference of acid in A 
and B, the necessary equality of weight was 
considere4 ^ of no consequence, because the 
solution was at first neutral, and would not, 
therefore, affect the test liquids, andlall the 
evolved acid would be in B, and the frei alkali 
in A. The solution in A required 3.2 measures 
of the prepared acid (525) to neutralize it, and 
the solution in B required also 3.2 measures of 
the soda solution (525) to neutralize it. As the 
asbestos must have removed a little acid and 
alkali from the glasses, these quantities are by 
so much too small; and therefore it would ap- 
pear that about a tenth of the acid originally 
in the vessel A had been transferred into B 
during the continuance of the electric action. 

529. In another similar experiment, whilst a 
thirty-fifth part of the acid passed from o to 5 
in the free acid vessels, between a tenth and an 
eleventh passed from A to B in the combined 
acid vessels. Other experiments of the same 
kind gave similar results. 

530. The variation of electro-chemical de- 
composition, the transfer of elements and their 
accumulation at the poles, according as the 
substance submitted to action consists of par- 
ticles opposed more or less in their chemical af- 
finity, together with the consequent influence 
of the latter circumstances, are sufficiently ob- 
vious in these cases, where sulphuric acid is 
acted upon in the same quantity by the same 
electric current, but in one case opposed to the 
comparatively weak affinity of water for it, 
and in the other to the stronger one of soda* In 
the latter case the quantity transferred is from 
two and a half to three times what it is in the 
former; and it appears therefore very evident 
that the transfer is greatly dependent upon the 
mutual action of the particles of the decompos- 
ing bodies.^ 

531. In some of the experiments the add 
from the vessels a and h was neutralized by am- 
monia, then evaporated to dryness, heated to 
redness, and thereddue examined for sul|)hates. 

I See ^ note to 675. — Dee. 1838. 
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In these oases more sulphate was always ol>> 
tained from a than from h; showing that it had 
been impossible to exclude saline bases (derived 
from the asbestos, the glass, or perhaps impu- 
rities originally in the acid), and that they had 
helped in transferring the acid into b. But the 
quantity was small, and the acid was principal- 
ly transferred by relation to the water present. 

532. 1 endeavoured to arrange certain exper- 
iments by which saline solutions should be de- 
composed against surfaces of water and at first 
worked with the electric machine upon a piece 
of bibulous paper, or asbestos moistened in the 
solution, and in contact at its two extremities 
with pointed pieces of paper moistened in pure 
water, which served to carry the electric cur- 
rent to and from the solution in the middle 
piece. But 1 found numerous interfering diffi- 
culties. Thus, the water and solutions in the 
pieces of paper could not be prevented from 
mingling at the point where they touched. 
Again, sufficient acid could be derived from the 
paper connected with the discharging train, or it 
may be even from the air itself, under the influ- 
ence of electric action, to neutralize the alkali 
developed at the positive extremity of the de- 
composing solution, and so not merely prevent 
its appearance, but actually transfer it on to the 
metal termination : and, in fact, when the paper 
points were not allowed to touch there, and the 
machine was worked until alkali was evolved at 
the delivering or positive end of the turmeric 
paper, containing the sulphate of soda solution, 
it was merely necessary to place the opposite re- 
ceiving point of the paper connected with the 
discharging train, which had been moistened 
by distilled water, upon the brown turmeric 
point and press them together, when the al- 
kaline effect immediately disappeared. 

633. The experiment with sulphate of mag- 
nesia already described (495) is a case in point, 
however, and shows most clearly that the sul- 
phuric acid and magnesia contributed to each 
other’s transfer and final evolution, exactly as 
the same acid and soda affected each other m 
the results just given (527, &c.); and that so 
soon as the magnesia advanced beyond the 
reach of the acid, and found no other substance 
with which it could combme, it appeared in its 
proper character, and was no loni^r able to 
continue its progress towards the negative pole. 

634. The theory I have ventured to put forth 
appears to me to explain all the prcnninent 
features of electro-chemical decompositipn in 
a satisfactory manner^ 


535. In the first place, it explains why, in aU 
ordinary cases, the evolved substances appear 
onfy at ete poles; for the poles are the limiting 
surfaces of the decomposing substance, and 
except at them, every particle finds other par- 
ticles having a contrary tendency with which 
it can combine. 

536. ThenitexplainBwhy,in numerous cases, 
the elements or evolved substances are not re- 
tained by the poles; and this is no small diffi- 
culty in those theories which refer the decom- 
posing effect directly to the attractive power 
of the poles. If, in accordance with the usual 
theory, a piece of platina be supposed to have 
sufficient power to attract a particle of hydro- 
gen from the particle of oxygen with which it 
was the instant before combined, there seems 
no sufficient reason, nor any fact, except those 
to be explained, which show why it should not, 
according to analogy with all ordinary attrac- 
tive forces, as those of gravitation, magnetism, 
cohesion, chemical affinity, &c., retain that pais 
tide which it had just before taken from a dis- 
tance and from previous combination. Yet it 
does not do so, but allows it to escape freely. 
Nor does this depend upon its assuming the 
gaseous state, for acids and alkalies, &c., are 
left equally at liberty to diffuse themselves 
through the fluid surrounding the pole, and 
show no particular tendency to combine with 
or adhere to the latter. And though there are 
plenty of cases where combination with the 
pole does take place, they do not at all explain 
the instances of non-combination, and do not 
therefore in their particular action reveal the 
general principle of decomposition. 

637. But in the theory that I have just given, 
the effect appears to be a natural consequence 
of the action: the evolved substances are eo;- 
peUed from the decomposing mass (518, 519), 
not drawn ovJt by an attraction which ceases to 
act on one particle without any assignable rea- 
son, while it continues to act on another of the 
same kind: and whether the poles be metal, 
water, or air, still the substances are evolved, 
and are sometimes set free, whilst at others 
they unite to the matter of the poles, accord- 
ing to the chemical nature of the latter^ 
their chemical relation to those particles which 
are leaving the substance under operation. 

538. The theory accounts for the transfer of 
elementd in a manner which seems to me at 
present to leave nothing unexplained; ami it 
was, indeed, the phenomena of kansifer in the 
numerous cases of decomposition of bodies 
rendered fluid by heat (3W, 402), iMAt m 
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oonjuiiction with the experimmts in mr, led to 
iteeonstruetion. Such cases as the former where 
bkiary compounds of easy decomposability are 
acted upon, are perhaps the best to illustrate 
the theory. 

539. Chloride of lead, for instance, fused in 
a bent tube (400), and decomposed by piatiha 
wires, evolves lead, passing to what is usually 
called the negative pole, and chlorine, which 
being evolved at the positive pole, is in part set 
free, and in part combines with the platina. 
The chloride of platina formed, being soluble 
in the chloride of lead, is subject to decompo- 
sition, and the platina itself is gradually trans- 
ferred across the decomposing matter, and 
found with the lead at the negative pole. 

540. Iodide of lead evolves abundance of lead 
at the negative pole, and abundance of iodine 
at the positive pole. 

541. Chloride of silver furnishes a beautiful 
instance, especially when decomposed by silver 
wire poles. Upon fusing a portion of it on a 
piece of glass, and bringing the poles into con- 
tact with it, there is abundance of silver evolved 
at the negative pole, and an equal abundance 
absorbed at the positive pole, for no chlorine is 
set free: and by careful management, the neg- 
ative wire may be withdrawn from the fused 
globule as the silver is reduced there, the latter 
serving as the continuation of the pole, until a 
wire or thread of revived silver, five or six 
inches in length, is produced; at the same time 
the silver at the positive pole is as rapidly dis- 
solved by the chlorine, which seizes upon it, so 
that the wire has to be continually advanced 
as it is melted away. The Whole experiment in- 
cludes the action of only two elements, silver 
smd chlorine, and illustrates in a beautiful man- 
ner their progress in opposite directions, par- 
allel to the electric current, which is for the 
time giving a imiform general direction to their 
mutual afOnities (524). 

542. According to my theory, an element or 
a eubstance not decomposable under the cir- 
eumstances of the experiment, (as for instance, 
a dilute acid or alkali), should not be trans- 
ferred, or pass from pole to pole, unless it be in 
chemical relation to some other element or 
substance tending to pass in the opposite di- 
rection, for the ^ect is considered as essential- 
ly due to the mutual relation of such particles. 
But the theories attisftmting the determinaticm 
|]tf tiie elements to the attractions and rq>ul- 
mm of the poles require no such condition, 

tiiere is no reason appar^ why tbe at- 
of the positive pol^ and tiie repulsion 


of the n^ative pole, upon a particle of free 
acid, placed in water between them, should not 
(with equal currents of electricity) be as strong 
as if that particle were previously combined 
with alkali; but, on the contrary, as they have 
not a powerful chemical affinity to overcome, 
there is every reason to suppose they would be 
stronger, and would sooner bring the acid to 
rest at the positive pole.^ Yet such is not the 
case, as has been shown by the experiments on 
free and combined acid (526, 528). 

543. Neither does M. de la Rive’s theory, as 
I understand it, require that the particles should 
be in coiubjination : it does not even/ admit, 
where there are two sets of particles cabable of 
combining with and passing by each other, 
that they do combine, but supposes that they 
travel as separate compounds of matter and 
electricity. Yet in fact the free substanop can- 
not travel, the combined one can. \ 

544. It is very difficult to find cases amongst 
solutions or fluids which shall illustrate this 
point, because of the difficulty of finding two 
fluids which shall conduct, shall not mingle, 
and in which an element evolved from one shall 
not find a combinable element in the other. So- 
lutions of acids or alkalies will not answer, be- 
cause they exist by virtue of an attraction; and 
increasing the solubility of a body in one direc- 
tion, and diminishing it in the opposite, is just 
as good a reason for transfer as modifying the 
affinity between the acids and alkalies them- 
selves.^ Nevertheless the case of sulphate of 
magnesia is in point (494, 495), and shows that 
one element or principle only has no power 
of transference or of passing towards either 
pole. 

545. Many of the metals, however, in their 
solid state, offer very fair instances of the kind 
required. Thus, if a plate of platina be used as 
the positive pole in a solution of sulphuric acid, 
oxygen will pass towards it, and so will acid; 
but these are not substances having such chem- 
ical relation to tha platina as, even under the 
favourable condition superinduced by the cur- 
rent (518, 524), to combine with it; the platina 
therefore remains where it was'first plac^^ and 
has no tendency to pass towards the negative 
pole. But if a i^te iron, ziius or copper, be 
substituted for the platina, then the oxygen 
and acid can combine with these, and tiie metal 
immediately begins to travel (as an oxide) to 
tile opposite pole^ and is finally deposited there. 

X Even 1^ Humphry Davy eoi^de#ed the 
tion of the pole am being oonunmnicated tom one 
particle to another of the aame kind (483). 

> See the note to 676.— JDm. 1888. 
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Or if| retaming tlxe platina pole, a fused ehlo- the negative pole could be observed, SubOmed 


ride, as of lead, ziae, silver, &c., be substituted 
ioa ibt sulphuric acid, then, as the platina finds 
an element it can combine with, it enters into 
union, acts as other elements do in cases of vol- 
taic decomposition, is rapidly transferred across 
the melted matter, and expelled at the nega- 
tive pole. 

546. J can see but little reason in the theories 
referring the electro-chemical decomposition to 
the attractions and repulsions of the poles, and 
I can perceive none in M. de la Rive’s theory, 
why the metal of the positive pole should not 
be transferred across the intervening conduc- 
tor, and deposited at the negative pole, even 
when it cannot act chemically upon the ele- 
ment of the fluid surrounding it. It cannot be 
referred to the attraction of cohesion prevent- 
ing such an effect; for if the pole be made of 
the lightest spongy platina, the effect is the 
same. Or if gold precipitated by sulphate of 
iron be diffused through the solution, still ac- 
cumulation of it at the negative pole will not 
take place; and yet in it the attraction of cohe- 
sion is almost perfectly overcome, the particles 
are so small as to remain for hours in suspen- 
sion, and are perfectly free to move by the 
slightest impulse towards either pole; and if in 
relatum by chemical affinity to any substance 
present, are powerfully determined to the neg- 
ative pole.^ 

547. In support of these arguments, it may 
be observed) that as yet no determination of a 
substance to a pole, or tendency to obey the 
electric current, has been observed (that I am 
aware of) in cases of mere mixture; i.e., a sub- 
stance diffused through a fluid, but having no 
B^Qsible chemical affinity with it, or with sub- 
stances that may be evolved from it during the 
action, does not in any case seem to be affected 
by the electric current. Pulverised charcoal was 
diffused though dilute sulphuric acid, and sub- 
jected with tihe solution to the action of a vol- 
taic battery, terminated by platina poles; but 
not the slightest tendency of the charcoal to 

1 In making this experiment, oare must be taken 
that no subetanoe be present that ean act ehemioally 
on the gold. Although I used the metal very oarefulbr 
washed, and diffused through dilate sulphuric acid, 
3^ in me first instance I obtained gold at the nega- 
tive pole^ and the effect was repeated when the plat- 
ina poles were changed. But on examining the clear 
liquor in the cell, alter subsidence of the metallic 
goJidv 1 found aiitUe of that metal in soluti^, and a 
uttle chlorine was also present. I therefore well 
WSa»hed the gold whic^ had thus been subfeoted to 
vplti^c aoUon, diffused it through other pure dilute 
sulphuric acid, and then found, that on subjecting it 
to iofiou of the pile, not the sUght^t tandenoy 
to the nsgative pole cowa be perceived. , , 


sulphur was diffused through similar acjid, aad 
submitted to the same action, a silver plato be- 
ing used as the negative pole; but the sulphur 
had no tendency to pass to that pole, the silver 
was not tarnished, nor did any sulphuxetted 
hydrogen appear. The case of magnesia and 
water (495, 533), with those of comminuted 
metals in certain solutions (546), are also of 
this kind; and, in fact, substances which have 
the instant before been powerfully determined 
towards the pole, as magnesia from sulphate of 
magnesia, become entirely indifferml to if the 
moment they assume their independent state, 
and pass away, diffusing themselves throu^ 
the surrounding fluid. 

548. There are, it is true, many instances of 
insoluble bodies being acted upon, as glass, sul- 
phate of baryta, marble, slate, basalt, &c., but 
they form no exception ; for the substances they 
give up are in direct and strohg relation as to 
chemical affinity with those which they find in 
the surrounding solution, so that these decom- 
positions enter into the class of ordinary dOfects. 

549. It may be expressed as a general conse- 
quence, that the more directly bodies are op- 
posed to each other in chemical affinity, the 
more ready is their separation from each other 
in cases of electro-chemical decomposition, i.e., 
provided other circumstances, as insolubility, 
deficient conducting power, proportions, &e., 
do not interfere. This is well known to be the 
case with water and saline solutions; and I have 
found it to be equally true with dry chlorides^ 
iodides, salts, &c., rendered subject to electro- 
chemical decomposition by fusion (402). So 
that in applying the voltaic battery for the pui^ 
pose of decomposing bodies not yet resolved 
into forms of matter simpler than their own, it 
must be remembered, that success may dep^ 
not upon the weakness, or failure upon the 
strength, of the affinity by which the elements 
sought for are held together, but contrariwise; 
and then modes of application may be devised^ 
by which, in aseociatian with ordinary chem- 
i(^ powers, and the assistance of fusion (^4» 
417), we may be able to penetrate m^h fui> 
ther than at present into the constitutioiet 
our chmical elements. 

550^ Some of the most beautiful and oirj^ris- 
ing cases of electro-chemical decompositionand 
tranter which Sir Humphry Davy described in 
his c^biated paper, > were those in 
were passed through alkalies, and filka^ or 
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earths through adds;^ and the way in which 
substances having the most powerful attrac- 
tions for each other were thus prevented from 
combining, or, as it is said, had their natural 
aSBnity destroyed or suspended throughout the 
whole of the circuit, excited the utmost aston- 
ishment. But if 1 be right in the view 1 have 
taken of the effects, it will appear, that that 
which made the wonder^ is in fact the essential 
condition of transfer and decomposition, and 
that the more alkali there is in the course of an 
acid, the more will the transfer of that acid be 
facilitated from pole to pole; and perhaps a 
better illustration of the difference between 
the theory I have ventured, and those previ- 
ously existing, cannot be offered than the views 
they respectively give of such facts as these. 

551. The instances in which sulphuric acid 
could not be passed through barjrta, or baryta 
through sulphuric acid,* because of the precip- 
itation of sulphate of baryta, enter witW the 
pale of the law already described (380, 412), by 
which liquidity is so generally required for con- 
duction and decomposition. In assuming the 
solid state of sulphate of baryta, these bodies 
became virtually non-conductors to electricity 
of so low a tension as that of the voltaic bat- 
tery, and the power of the latter over them was 
almost infinitely diminished. 

552. The theory I have advanced accords in 
a most satisfactory manner with the fact of an 
element or substance finding its place of rest, 
or rather of evolution, sometimes at one pole 
and sometimes at the other. Sulphur illustrates 
this effect very well.* When sulphuric acid is 
decomposed by the pile, sulphur is evolved at 
the negative pote; but when sulphuret of silver 
is decomposed in a similar way (436), then the 
sulphur appears at the positive pole; and if a 
hot platina pole be used so as to vaporize the 
sulphur evolved in the latter case, then the re- 
latioh of that pole to the sulphur is exactly the 
same as the relation of the same pole to oxygen 
Upon its Immersion in water. In both cases the 
dement evolved is liberated at the pole, but 
not retained by it; but by virtue of its elastic, 
uncombinable, and immiscible condition passes 
away into the surroimding medium. The sul- 
phur is evidently determined in these opposite 
directions by its opposite chemical relations to 
oxygen and silver; and it is to such relations 

jp. 24, * iW., p. 26, Ac. 

« At 681 and 767 of Series Vll will be found oorreo- 
isciis of ike statement here ihade reraeoting sulphur 
ami s^buric acid. At pmsent there is no well-asoer^ 
tdnea met whioh proves mat the same body can go di- 
reetiy toei^of thetwo|)Dle0atdea8ure.---Z)se. 1838. 
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generally that I have referred alldectro-chem- 
ical phenomena^ Where they do not exist, no 
electro-chemical action can take place. Where 
they are strongest, it is most powerful; where 
they are reversed, the direction of transfer of 
the substance is reversed with them. 

553. Water may be considered as one of those 
substances which can be made to pass to either 
pole. When the poles are immersed in dilute 
sulphuric acid (527), acid passes towards the 
positive pole, and water towards the negative 
pole; but when they are immersed in dilute al- 
kali, the alkali passes towards the negative 
pole, and water towards the positive pile. 

5M. Nitrogen is another substance which is 
considered as determinable to either pole; but 
in consequence of the numerous comTOunds 
which it forms, some of which pass to one pole, 
and some to the other, I have not ailwaysuound 
it easy to determine the true circumstances of 
its appearance. A pure strong solution of am- 
monia is so bad a conductor of electricity that 
it is scarcely more decomposable than pure wa- 
ter; but if sulphate of ammonia be dissolved in 
it, then decomposition takes place very well; 
nitrogen almost pure, and in some cases quite, 
is evolved at the positive pole, and hydrogen 
at the negative pole. 

555. On the other hand, if a strong solution 
of nitrate of ammonia be decomposed, oxygen 
appears at the positive pole, and hydrogen, 
with sometimes nitrogen, at the negative pole. 
If fused nitrate of ammonia be employed, hy- 
drogen appears at the negative pole, mingM 
with a little nitrogen. Strong nitric acid yields 
plenty of oxygen at the positive pole, but no 
gas (only nitrous acid) at the negative pole. 
W eak nitric acid yields the oxygen and hydrogen 
of the water present, the acid apparently re- 
maining unchanged. Strong nitric acid with ni- 
trate of ammonia dissolved in it, yields a gas at 
the negative pole, of which the greater part is hy- 
drogen, but apparently a little nitrogen is pre- 
sent. I believe, that in some of these cases a little 
nitrogen appeared at the negative pole. I sus- 
pect, however, that inall these, and in all former 
cases, the appearance of the nitrogen at the pos- 
itive or negative pole is entirely a secondary ef- 
fect, and not an immediate consequence of 
decomposing power of the electric current.* , 

556. A few observations on what are called 
the poles of the voltaic battery now seem nee- 
essary. The poles are merely the surfaces or 

4 Refer for proof of the truth of this suppositton to 
748, 762, Ao.—i>ee. 1888. 
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doors by which the electricity enters into or 
passes out of the substance suffering decompo- 
sition. They limit the extent of that substance 
in the course of the electric current, being its 
l£rminaM{m8 in that direction: hence the ele- 
ments evolved pass so far and no farther. 

557. Metals make admirable poles, in conse- 
quence of their high conducting power, their 
immiscibility with the substances generally act- 
ed upon, their solid form, and the opportunity 
afforded of selecting such as are not chemically 
acted upon by ordinary substances. 

558. Water makes a pole of difficult applica- 
tion, except in a few cases (494), because of its 
small conducting power, its miscibility with 
most of the substances acted upon, and its gen- 
eral relation to them in respect to chemical af- 
finity. It consists of elements, which in their 
electrical and chemical relations are directly 
and powerfully opposed, yet combining to pro- 
duce a body more neutral in its character than 
any other. So that there are but few substances 
which do not come into relation, by chemical 
affinity, with water or one of its elements; and 
therefore either the water or its elements are 
transferred and assist in transferring the infin- 
ite variety of bodies which, in association with 
it, can be placed in the course of the electric 
current. Hence the reason why it so rarely hap- 
pens that the evolved substances rest at the 
first surface of the water, and why it therefore 
does not exhibit the ordinary action of a pole. 

559. Air, however, and some gases are free 
from the latter objection, and may be used as 
poles in many cases (461, &c.); but, in conse- 
quence of the extremely low degree of conduct- 
ing power belonging to them, they cannot be 
employed with the voltaic apparatus. This lim- 
its their use; for the voltaic apparatus is the 
only one as yet discovered which supplies suf- 
ficient quantity of electricity (371, 376) to effect 
electro-chemical decomposition with facility. 

560. When the poles are liable to the chem- 
ical action of the substances evolved, either 
simply in consequence of their natural relation 
to them, or of that relation aided by the influ- 
ence of the current (518), then they suffer cor- 
rosion, and the parts dissolved are subject to 
transference, in the same manner as the parti- 
cles of the body originally under decomposi- 
tion. An immense series of phenomena of this 
kind might be quoted in support of the view I 
have taken of the cause of electro-chemical de- 
composition, and the transfer and evolution of 
the elements. Thus platina being made the pos- 
itive wd negative poles in a solution of sul- 
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phate of soda, has no affimty or attraction for 
the oxygen, hydrogen, acid, or alkali evolved, 
and refuses to combine with or retain them. 
Zmc can combine with the oxygen and add; at 
the positive pole it does combine, and immedi- 
ately begins to travel as oxide towards the 
negative pole. Charcoal, which cannot com- 
bine with the metals, if made the negative pole 
in a metallic solution, refuses to unite to the 
bodies which are ejected from the solution up- 
on its surface; but if made the positive pole in 
a dilute solution of sulphuric acid, it is capable 
of combining with the oxygen evolved there, 
and consequently unites with it, producing both 
carbonic acid and carbonic oxide in abundance. 

561. A great advantage is frequently sup- 
plied, by the opportunity afforded amongst the 
metals of selecting a substance for the pole, 
which shall or shall not be acted upon by the 
elements to be evolved. The consequent use of 
platina is notorious. In the decomposition of 
sulphuret of silver and other sulphurets, a pos- 
itive silver pole is superior to a platina one, be- 
cause in the former case the sulphur evolved 
there combines with the silver, and the decom- 
position of the original sulphuret is rendered 
evident ; whereas in the latter case it is dissipat- 
ed, and the assurance of its separation at the 
pole not easily obtained. 

562. The effects which take place when a 
succession of conducting decomposable and un- 
decomposable substances are placed in the elec- 
tric circuit, as, for instance, of wires and solu- 
tions, or of air and solutions (465, 469), are ex- 
plained in the simplest possible manner by the 
theoretical view I have given. In consequence 
of the reaction of the constituents of each por- 
tion of decomposable matter, affected as they 
are by the supervention of the electric current 
(524), portions of the proximate or ultimate 
elements proceed in the direction of the cur- 
rent as far as they find matter of a contrary 
kind capable of effecting their transfer, and b^ 
ing equally affected by them; and where they 
cease to find such matter, they are evolved in 
their free state, i.e., upon the surfaces of metal 
or air bounding the extent of decomposable 
matter in the direction of the cun*ent. 

563. Having thus given my theory of the 
mode in which electro-chemical decompositipti 
is effected, I will refrain for the present from 
entering upon the numerous general consider- 
ations which it suggests, wishing first to sub- 
mit it to the test of publication and dbeussion. 

Baikal InHttutum, June 1833» 


ELECTRICITY 




SIXTH SERIES 


§ 12. On the Power of Metals and Other Solids to Induce the Comr 
bination of Gaseous Bodies 

RscBiviiD Notbubsb 30, 1833 Head Januabt 11, 1834 


564. The conclusion at which I have arrived in 
the present communication may seem to ren- 
der the whole of it unfit to form part of a series 
of researches in electricity; since, remarkable 
as the phenomena are, the power which pro- 
duces them is not to be considered as of an 
electric origin, otherwise than as all attraction 
of particles may have this subtile agent for 
their common cause. But as the effects investi- 
gated arose out of electrical researches, as they 
are directly connected with other effects which 
are of an electric nature, and must of necessity 
be understood and guarded against in a very 
extensive series of electro-chemical decompo- 
sitions (707), I have felt myself fully justified 
in describing them in this place. 

565. Believing that I had proved (by experi- 
ments hereafter to be described [705]), the con- 
stant and definite chemical action of a certain 
quantity of electridty, whatever its intenrity 
mi^t be, or however the circumstances of its 
transmission through either the body under de- 
composition or the more perfect conductors 
were varied, I endeavoured upon that result to 
construct a new measuring instrument, whidi 
from its use might be called, at least provision- 
ally, a VoUa-ekctrometer (739).* 

566. During the course of the experiments 
made to render the instrument efficient, I was 
occasionally surprised at observing a deficiency 
of the gases resulting from the decompositions 
of water, and at last an actual disappearance 
of portions which had been evolved, collected, 
and measured. The circumstances of the dis- 
appearance were these. A glass tube, about 
twelve inches in length and J^ths of an inch in 
diameter) had two platina poles fixed into its 
upper, hermetio^ysealed,extremity:thepole8, 
wh«* they passed tiunugb the glass, were of 
wire; but tesminated below in plates, which 
were soldered to the wires with gold <P1. VI, 

I). The tube was filled with dilute sul- 
phuric acid, and mverted in a cup of the same 
fluid ; a vditaic battery was coimected with the 

* Or YcUtautet^Zhe. 1888. 


two wires, and sufficient ox 3 rgen and hydrogen 
evolved to occupy ^ths of the tube, or by the 
graduation, 116 parts. On separating the tube 
from the voltaic battery the volume of gas im- 
mediately began to diminish, and in about five 
hours only 13^ parts remained, and these ulti- 
mately disappeared. 

567. It was found by various experiments, 
that this effect was not due to the escape or so- 
lution of the gas, nor to recombination of the 
oxygen or hydrogen in consequence of any pe- 
culiar condition thej/ might be supposed to pos- 
sess under the circumstances; but to be occas- 
ioned by the action of one or both of the poles 
within the tube upon the gas around them. On 
disuniting the poles from the pile after thqy 
had acted upon dilute sulphuric acid, and intro- 
ducing them into separate tubes containing 
mixed oxygen and hydrogen, it was found that 
the positive pole effected the union of the gases, 
but the negative pole apparently not (5%). It 
was ascertained also that no action of a saisi- 
ble kind took place between the positive prie 
with oxygen or hydrogen alone. 

568. These experiments reduced the phenom- 
ena to the consequence of a power possessed by 
the platma, after it had been the positive pole 
of a voltaic pile, of causing the combination of 
oxygen and hydrogen at common, or even at 
low, temperatures. This effect is, as far as I am 
aware, altogether new, and was immediately 
followed out to ascertain whether it was really 
of an electric nature, and how far it would in^ 
terfere with the determination of the quantities 
evolved in the cases of electro-chemical deconi^ 
position required in the fourteenth sectkm (ff 
these Researches. 

669. Several platina plates were jneipared 
(PI. VI, Fig. i). They were nearly half anitilk 
wide, and two inriies and a half loagi.A^ 
were Hwith of tm inch, others not inote 4l^ 
wbUst some were as mu^ eh 

inrii in tidrimess. Each had a 
wire, about seven inches long, soidbed io it fay. 
pure gold, Then a ntanbti’ of iditistdfaM'wele 
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prepared: they were about nine or ten inches 
in length, ^tlb of an inch in internal diameter, 
were sealed hermetically at one extremity, and 
were graduated. Into these tubes was put a 
mixture of two volumes of hydrogen and one 
of oxygen, at the water pneumatic trough, and 
when one of the plates described had been con- 
nected with the positive or negative pole of the 
voltaic battery for a given time, or had been 
otherwise prepared, it was introduced through 
the water into the gas within the tube; the 
whole set aside in a l^t-glass (PI. VI, Fig. 5), 
and left for a longer or shorter period, that the 
action might be observed. 

570. The following result may be given as an 
illustration of the phenomenon to be investi- 
gated. Diluted sulphuric acid, of the specific 
gravity 1.336, was put into a glass jar, in which 
Was placed also a large platina plate, connect- 
ed with the negative end of a voltaic battery of 
forty pairs of four-inch plates, with double cop- 
pers, and moderately charged. One of the plates 
above described (569) was then connected with 
the positive extremity, and immersed in the 
same jar of acid for five minutes, after which it 
was separated from the battery, washed in dis- 
tilled water, and introduced through the water 
of the pneumatic trough into a tube containing 
the mixture of oxygen and hydrogen (569) . The 
volume of gases immediately began to lessen, 
the diminution proceeding more and more rap- 
idly until about ^ths of the mixture had dis- 
appeared. The upper end of the tube became 
quite warm, the plate itself so hot that the wa- 
ter boiled as it rose over jt; and in less than a 
minute a cubical inch and a half of the gases 
were gone, having been combined by the pow- 
er of the platina, and converted into water. 

571. Tlfis extraordinary infiuence acquired 
by the platina at the positive pole of the pile, is 
exerted far more readily and ^ectively on oxy- 
gen and hydrogen than on any other mixture 
of gases that I have tried. One volume of ni- 
trous gas was mixed with a volume of hydro- 
gen, and introduced into a tube with a plate 
which had been made positive in the dilute sul- 
phuric acid for four minutes (570). There was 
no sensible action in an hour: being left for 
tiurty-six hours, there was a diminution of about 
one^ightb of the whole volume. Action had 
telcon place, Imt it had been very feeble. 

572. A mixture of two volumes of nitrous ox- 
ide with one volume of hydrogen was put with 
a plate similarly prepared into a tube (569, 
^0); This also showed no action immediately; 
tut is tbktyndx hours nearly a fourth of the 
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whole had disappeared, i.e., about half of a cu- 
bical inch. By comparison with another tube 
containing the same mixture without a plate, 
it appeared that a part of the diminution was 
due to solution, and the other part to the pow- 
er of the platina; but the action had been very 
slow and feeble. 

573. A mixture of one volume olefiant gas* 
and three volumes oxygen was not affected by 
such a platina plate, even though left together 
for several days (640, 641). 

574. A mixture of two volumes carbonic ox- 

ide and one volume oxygen was also unaffected 
by the prepared platina plate in several days 
(645, &c.). I 

575. A mixture of equal volumes oAchlorine 
and hydrogen was used in several expe^ments, 
with plates prepared in a similar manner (570). 
Diminution of bulk soon took place: biit when 
after thirty-six hours the experiments wbre ex- 
amined, it was found that nearly all the chlorine 
had disappeared, having been absorbed, princi- 
pally by the water, and that the original volume 
of hydrogen remained unchanged. No combina- 
tion of the gases, therefore, had here taken place. 

576. Reverting to the action of the prepared 
plates on mixtures of oxygen and hydrogen 
(570), 1 found that the power, though gradu- 
ally diminishing in ail cases, could still be re- 
tained for a period, varying in its length with 
circumstances. When tubes containing plates 
(569) were supplied with fresh portions of mixed 
oxygen and hydrogen as the previous por- 
tions were condensed, the action was found to 
continue for above thirty hours, and in some 
cases slow combination could be observed even 
after eighty hours: but the continuance of the 
action greatly depended upon the purity of the 
gases used (638). 

577. Some plates (569) were made positive 
for four minutes in dilute sulphuric acid of spe- 
cific gravity 1.336: they were rinsed in distilled 
water, after which two were put into a small 
bottle and closed up, whilst others were left ex- 
posed to the air. The plates preserved in the 
limited portion of air were found to retain their 
power after eight days, but those exposed to 
the atmosphere had lost their force almost en- 
tirely in twelve hours, and in some situations, 
where currents existed, in a much shorter time. 

578. Plates were made positive for five min- 
utes in sulphuric acid, specific gravity 1.336. 
One of these was retained in similar acid for 
eight minutes after separation from the bat^ 
tery : it then acted on mixed oxygen and hydro- 

I ga»: now known as 
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gen with apparently undiminished vigour. Oth- 
ers were left in similar acid for forty hours, and 
some even for eight days, after the electriza- 
tion, and then acted as well in combining oxy- 
gen and hydrogen gas as those which were used 
immediatdy after electrization. 

579. The effect of a solution of caustic potas- 
sa in preserving the platina plates was tried in a 
similar manner. After being retained in such a 
solution for forty hours, they acted exceedingly 
well on oxygen and hydrogen, and one caused 
such rapid condensation of the gases, that the 
plate became much heated, and I expected 
the temperature would have risen to ignition. 

580. .When similarly prepared plates (569) 
had been put into distilled water for forty hours, 
and then introduced into mixed oxygen and 
hydrogen, they were found to act but very 
slowly and feebly as compared with those which 
had been preserved in acid or alkali. When, 
however, the quantity of water was but small, 
the power was very little impaired after three 
or four days. As the water had been retained in 
a wooden vessel, portions of it were redistilled 
in glass, and this was found to preserve pre- 
pared plates for a great length of time. Pre- 
pared plates were put into tubes with this wa- 
ter and closed up; some of them, taken out at 
the end of twenty-four days, were found very 
active on mixed oxygen and hydrogen; others, 
which were left in the water for fifty-three days, 
were still found to cause the combination of the 
gases. The tubes had been closed only by corks. 

581. The act of combination always seemed 
to diminish, or apparently exhaust, the power 
of the platina plate. It is true, that in most, if 
not all instances, the combination of the gases, 
at first insensible, gradually increased in rapid- 
ity, and sometimes reached to explosion; but 
when the latter did not happen, the rapidity of 
combination diminished; and although fresh 
portions of gas were introduced into the tubes, 
the combination went on more and more slow- 
ly, and at last ceased altogether. The first ef- 
fect of an increase in the rapidityof combination 
depended inpartupon thewaterflowingoff from 
the platina plate, and allowing a better contact 
with the gas, and in part upon the heat evolved 
during the progress of the combination (630). 
But notwittotanding the effect of these causes, 
diminution, and at last cessation of the power, 
always occurred. It must not, however, be un- 
noticed, that the purer the gases subjected to 
the action of the plate, the longer was its com- 
bining power retained. With the mixture 
evdved at the poles of the voltaic pile, in pme 


dilute sidphuric acid, it continued longest; and 
with oxygen and hydrogen, of perfect ptirity^ 
it probably would not be diminished at all. ^ 

582. Different modes of treatment applied to 
the platina plate, after it had ceased to be the 
positive pole of the pile, affected its power very 
curiously. A plate which had been a positive pole 
in diluted sulphuric acid of specific gravity 1 .336 
for four or five minutes, if rinsed in water and 
put into mixed oxygen and hydrogen, would act 
very well, and condense perhaps one cubic inch 
and a half of gas in six or seven minutes; but if 
that same plate, instead of being merely rinsed, 
had been left in distilled water for twelve or fif- 
teen minutes, or more, it would rarely fail, when 
put into the Oxygen and hydrogen, of becom- 
ing, in the course of a minute or two, ignited, 
and would generally explode the gases. Occa- 
sionally the time occupied in bringing on the 
action extended to eight or nine minutes, and 
sometimes even to forty minutes, and yet ig- 
nition and explosion would result. This effect 
is due to the removal of a portion of acid 
which otherwise adheres firmly to the plate.^ 

583. Occasionally the platina plates (569), 
after being made the positive pole of the bat- 
tery, were washed, wiped with filtering-paper 
or a cloth, and washed and wiped again. Being 
then introduced into mixed oxygen and hydro- 
gen, they acted apparently as if they had been 
unaffected by the treatment. Sometimes the 
tubes containing the gas were opened in the air 
for an instant, and the plates put in dry: but 
no sensible difference in action was perceived, 
except that it commenced sooner. 

5^. The power of heat in altering the action 
of the prepared platina plates was also tried 
(595). Plates which had been rendered positive 
in dilute sulphuric acid for four minutes were 
well-washed in water, and heated to redness in 
the flame of a spirit-lamp: after this they acted 
very well on mixed oxygen and hydrogen. Oth- 
ers, which had been heated more powerfully by 
the blowpipe, acted afterwards on the gases, 
though not so powerfully as the former.Hence 
it appears that heat does not take away the 
power acqtdred by the platina at the potitiye 
pole of the pile; the occasional diminution of 
force seemed always referable to other eaUses 
than the mere heat. If, for instance, the plate; 
had not been well-washed from the add, dr & 
the flame used was carbonaceous, or vmtiiai^ 
of an alcohol lamp trimmed with spirit 
tabling a little acid, or having a wick on wUdi 

1 In proof th^ this is the oasst rder w 103S, 1>«4 
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9al^i or other extraneous matter, bad been 
placed, then the power of the plate was quick- 
ly and greatly diminished (634, 636). 

685. This remarkable property was conferred 
upon platina when it was made the positive 
pole in sulphuric acid of specific gravity 1.336, 
or when it was considerably weaker, or when 
stronger, even up to the strength of oil of vit- 
liol. Strong and dilute nitric acid, dilute acetic 
acid, solutions of tartaric, citric, and oxalic 
adds, were used with equal success. When mu- 
riatic acid was used, the plates acquired the 
power of condensing the oxygen and hydrogen, 
but in a much inferior degree. 

586. Plates which were made positive in so- 
lution of caustic potassa did not show any sen- 
sible action upon the mixed oxygen and hydro- 
gen. Other plates made positive in solutions of 
carbonates of potassa and soda exhibited the 
action, but only in a feeble degree. 

587. W^hen a neutral solution of sulphate of 
soda, or of nitre, or of chlorate of potassa, or of 
phosphate of potassa, or acetate of potassa, or 
sulphate of copper, was used, the plates, ren- 
dei^ positive in them for four minutes, and 
then washed in water, acted very readily and 
powerfully on the mixed oxygen and hydrogen. 

688. It became a very important point, in 
reference to the cause of this action of the plat- 
ina, to determine whether the positive pole orUy 
could confer it (567), or whether, notwith- 
standing the numerous contrary cases, the 
aim pole might not have the power when such 
circumstances as could interfere with or pre- 
vent the action were avoided. Three plates 
were therefore rendered negative, for four min- 
utes in diluted sulphuric acid of specific grav- 
ity 1.336, washed in distilled water, and put 
into mixed oxygen and hydrogen. All of them 
actedf though not so strongly as they would 
have done if they had been rendered positive. 
Each combined about a cubical inch and a 
quarter of the gases in twenty-five minutes. On 
eveay n^tition of the experiment the same 
lesult was obtained; and when the plates were 
retamed in distilled water for ten or twelve 
miputes, before being introduced into the gas 
(582), the action was very much quickened. 

589. But when tiiere was any metallic or 
other substimce present in the acid, which could 
be predpitated cm the negative plate, then that 
plate ceased to act upon the mixed oxygen and 
hydn^^en. 

. 5 ^ These experipieuts led to the expecta- 
wm that the power of catusdi^ oxygen and hy- 
to combine, whidi ootild conferr^ 


upon any piece of platina by making it the pos- 
itive pole of a voltaic pile, was not essentially 
dependent upon the action of the pile, or upon 
any structure or arrangement of parts it might 
receive whilst in association with it, but be- 
longed to the platina at aU times, and was 
ways effective when the surface was perfectly 
dean. And though, when made the positive pole 
of the pile in acids, the circumstances might 
well be considered as those which would cleanse 
the surface of the platina in the most effectual 
manner, it did not seem impossible that ordi- 
nary operations should produce the eame re- 
sult, although in a less eminent degreb. 

591. Accordingly, a platina plate (669) was 
cleaned by being rubbed with a cork\ a little 
water, and some coal-fire ashes upoma glass 
plate: being washed, it was put into mked ox- 
ygen and hydrogen, and was found to\^act at 
first slowly, and then more rapidly. In an hour, 
a cubical inch and a half had disappeared. 

692. Other plates were cleaned with ordinary 
sand-paper and water: others with chalk and 
water; others with emery and water; others, 
again, with black oxide of manganese and wa- 
ter; and others with a piece of charcoal and 
water. All of these act^ in tubes of oxygen 
and hydrogen, causing combination of the gas- 
es. The action was by no means so powerful as 
that produced by plates having been in com- 
munication with the battery; but from one to 
two cubical inches of the gases disappeared, in 
periods extending from twenty-five to eighty 
or ninety minutes. 

593. Upon cleaning the plates with a cork, 
ground emery, and dilute sulphuric acid, they 
were found to act still better. In order to sim- 
plify the conditions, the cork was dismissed, 
and a piece of platina foil used instead ; still the 
effect took place. Then the acid was dismissed, 
and a solution of potassa used, but the effect 
occurred as before. 

594. These results are abundantly suffident 
to show that tbe mere mechanical cleansing of 
the surface of the platina is suffident to enable 
it to exert its combining power over oxygen 
and hydrogen at common temperatures. 

595. 1 now tried the effect of heat in confer- 
ring this property upon platina (584). Plates 
which had no action on the mixture of oxygen 
and hydrogen were heated by the flame qf n 
freshly trimmed^ spirit-lamp, urged by a mouth 
blowpipe, and when cold were put into tubes of 
the mixed gases : they acted slowly at firsts but 
after two or tiuee houxs condeni^ nearly all 
th^gaaes. 
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£96. A plate of platina, which wae about one 
inch wide and two and three-quarters in length, 
and which had not been used in any of the pre- 
ceding experiments, was curved a little so as to 
enter a tube, and left in a mixture of oxygen 
and hydrogen for thirteen hours : not the slight- 
est action or combination of the gases occurred. 
It was withdrawn at the pneumatic trough 
from the gas through the water, heated red-hot 
by the spirit-lamp and blowpipe, and then re- 
turned when cold into the same portion of gas. 
In the course of a few minutes diminution of 
the gases could be observed, and in forty-five 
minutes about one cubical inch and a quarter 
had disappeared. In many other experiments 
platina plates when heated were found to ac- 
quire the power of combining oxygen and hy- 
drogen. 

697. But it happened not unfrequently that 
plates, after being heated, showed no power of 
combining oxygen and hydrogen gases, though 
left undisturbed in them for two hours. Some- 
times also it would happen that a plate which, 
having been heated to dull redness, acted fee- 
bly, upon being heated to whiteness ceased to 
act; and at other times a plate which, having 
been slightly heated, did not act, was rendered 
active by a more powerful ignition. 

598. Though thus uncertain in its action, and 
though often diminishing the power given to 
the plates at the positive pole of the pile (584), 
still it is evident that heat can render platina 
active, which before was inert (595). The cause 
of its occasional failure appears to be due to 
the surface of the metal becoming soiled, either 
from something previously adhering to it, which 
is made to adhere more closely by the action of 
the heat, or from matter communicated from 
the flame of the lamp, or from the air itself. It 
often happens that a polished plate of platina, 
when heated by the spirit-lamp and a blow- 
pipe, becomes dulled and clouded on its surface 
by something either foraaed or deposited there; 
and this, and much less than this, is suflBcient 
to i»event it from exhibiting the curious power 
now imder consideration (634, 636). Platina al- 
so has been said to combine with carbon; and 
it is not at all unlikely that in processes of heat- 
ing, where carbon or its compounds are pres- 
ent, a film of such a compound may be thus 
formed, and thus prev^t the exhibition of tixe 
prop^es belonging to pure platina.^ 

. » yrtkm heat does confer the property it is only by 
the deetmetion or dissipation ol organic or c^er 
matter which had previous sc^ed the plate <632, 


699. The action of allidieB and acids in giv- 
ing platina this property was now experlment- 
aliy examined. Platina plates (569) ^ving no 
action on mixed oxygen and hydrogen, 1::^g 
boiled in a solution of caustic potassa, washed, 
and then put into the gases, were found occa^ 
sionally to act pretty well, but at other times 
to fail. In the latter case I concluded that the 
impurity upon the surface of the platina was of 
a nature not to be removed by the mere solvent 
action of the alkali, for when the plates were 
rubbed with a little emery, and the same solu- 
tion of alkali (592), they became active. 

600. The action of acids was far more con- 
stant and satisfactory. A platina plate was 
boiled in dilute nitric acid: being washed and 
put into mixed oxygen and hydrogen gases, it 
acted well. Other plates were boiled in strong 
nitric acid for periods extending from half a 
minute to four minutes, and then being washed 
in distilled water, were found to act very well, 
condensing one cubic inch and a half of gas in 
the space of eight or nine minutes, and render- 
ing the tube warm (570). 

601. Strong sulphuric acid was very effectual 
in rendering the platina active. A plate (569) 
was heated in it for a minute, then washed and 
put into the mixed oxygen and hydrogen, upon 
which it acted as well as if it had been made the 
positive pole of a voltaic pile (670). 

602. Plates which, after being heated or elec- 
trized in alkali, or after other treatment, were 
found inert, immediately received power by 
being dipped for a minute or two, or even only 
for an instant, into hot oil of vitriol, and then 
into water. 

603. When the plate was dipped into the oil 
of vitriol, taken out, and then heated so as to 
drive off the acid it did not act, in consequence 
of the impurity left by the acid upon its sat* 
face. 

604. Vegetable acids, as acetic and tartaric, 

sometimes rendered inert platina active, at 
other times not. This, I believe, depended up- 
on the character of the matter previously sofi- 
ing the plates, and which may easily be sup?- 
pc^ to be sometimes of such a nature ae io 
be removed by these acids, and at other tithes 
not. Weak sulphuric acid showed the same ^ 
ference, but strong sulphuric acid (601) nhvir 
failed in its action. v 

605. The most favourable treatm^t,€6[h^ 
that of making the plate a poritive pdbin strimg 
acid, was as follows. The plate was hM q 
spirit-iaxpp flame, and when 

a piece of pakmafwt (ceustio IkotaebX wMtih 
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melting, eovered the metal with a ooat of very 
strong alkali, and this was retained fused upon 
the surface for a second or two:^ it was then 
put into water for four or five minutes to wash 
off the alkali, shaken, and immersed for about 
a minute in hot strong oil of vitriol; from this 
it was removed into distilled water, where it 
was allowed to remain ten or fifteen mmutes to 
remove the last traces of acid (582). Being then 
put into a mixture of oxygen and hydrogen, 
combination immediately began, and proceed- 
ed rapidly; the tube became warm, the platina 
became red-hot, and the residue of the gases 
was inflamed. This effect could be repeated at 
pleasure, and thus the maximum phenomenon 
could be produced without the aid of the vol- 
taic battery. 

606. When a solution of tartaric or acetic 
acid was substituted, in this mode of prepara- 
tion, for the sulphuric acid, still the plate was 
found to acquire the same power, and would 
oftei produce explosion in the mixed gases ; but 
the strong sulphuric acid was most certain and 
powerful. 

607. If borax, or a mixture of the carbonates 
of potash and soda, be fused on the surface of a 
platina plate, and that plate be well-washed in 
water, it will be found to have acquired the 
power of combining oxygen and hydrogen, but 
only in a moderate degree: but if, after the fu- 
sion and washing, it be dipped in the hot sul- 
phuric acid (601), it will become very active. 

608. Other metals than platina were then 
experimented with. Gold and palladium ex- 
hibited the power either when made the positive 
pole of the voltaic battery' (670), or when acted 
on by hot oil of vitriol (601), ^en palladium 
is us^, the action of the battery or acid should 
be moderated, as that metal is soon acted upon 
under such circumstances. Silver and copper 
could not be made to show any effect at com- 
mon temperatures, 

609. There can remain no doubt that the 
property of inducing combination, which can 
thus be conf^red upon masses of platina and 
other metals by connecting them with the pdes 
of battery, or by cleansing processes either 
of a mechanic^ or chemical nature, is the same 
as that which was discovered by Dobereiner,^ 
in 1823, to belong in so eminent a degree to 
iBpmigy platina, and which was afterwards so 

experim^ted upon and illustrated by 

r heat need not be raised so much as to malce 
& tarnish the nktinat although if that effect 
dntakeniBeeitdoesnotmew 

V&, XXIV, p. 98. 


MM. Dulong and Thenard,’ in 1823. The iat” 
ter philosophers even quote experiments in 
which a very fine platina wire, which had been 
coiled up and digested in nitric, sulphuric, or 
muriatic acid, became ignited when put into a 
jet of hydrogen gas.^ This effect I can now pro- 
duce at pleasure with either wires or plates by 
the processes described (570, 601, 606) ; and by 
using a smaller plate cut so that it s!^ll rest 
against the glass by a few points, and yet al- 
low the water to flow off (PI. VI, Fig. 4), the 
loss of heat is less, the metal is assimilated some- 
what to the spongy state, and the probability 
of failure glmost entirely removed, j 

610. M. Dobereiner refers the effect entirely 
to an electric action. He considers the platina 
and hydrogen as forming a voltaic eluent of 
the ordinary kind, in urhich the hydrogen, be- 
ing very highly positive, represents the zinc of 
the usual arrangement, and like it, th^efore, 
attracts oxygen and combines with it.® 

611. In the two excellent experimental pa- 
pers by MM. Dulong and Thenard,® those phi- 
losophers show that elevation of temperature 
favours the action, but does not alter its char- 
acter; Sir Humphry Davyds incandescent plat- 
ina wire being the same phenomenon with Do- 
bereiner^s spongy platina. They show that all 
metals have this power in a greater or smaller 
degree, and that it is even possessed by such 
bodies as charcoal, pumice, porcelain, glass, 
rock crystal, <fec., when their temperatures are 
raised; and that another of Davy's effects, in 
which oxygen and hydrogen had combined 
slowly together at a heat below ignition, was 
really dependent upon the property of the heat- 
ed glass, which it has in common with the bod- 
ies named above. They state that liquids do 
not show this effect, at least that mercury, at 
or below the boiling point, has not the power; 
that it is not due to porosity; that the same 
body varies very much in its action, according 
to its state; and that many other gaseous mix- 
tures besides oxygen and hydrogen are affect- 
ed, and made to act chemically, when the tem- 
perature is raised. They think it probable that 
spongy platina acquires its power from contact 
with the acid evolved during its reduction, or 
from the heat itself to which it is then sub- 
mitted. 

612. MM. Dulong and Thenardexpress them- 
selves with great caution on the theory of this. 


» Ibid., Vol. XXIII. p. 440; Vol. XXIV, p. 380. 
4lWdl.,Vol. XXIV, p. 388, 
i Ibid., Vol. XXIV, t>p. 94, 95. Also Sibliotbbgug 
UniHrMe, Vol. XSJVs p. 64. 

• ibid., Vol. XXm,p.440:VoL XXIV,p.880. 
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action ; but, refening to the decomposing pow-* 
er of metaJs on ammonia when heated to tem- 
peratures not sufficient alone to affect the al- 
kali, they remark that those metals which in 
this case are most efficacious, are the least so 
in causing the combination of oxygen and hy- 
drogen; whilst platina, gold, &c., which have 
least power of decomposing ammonia, have 
most power of combining the elements of wa- 
ter: from which they are led to believe, that 
amongst gases, some tend to unite under the 
influence of metals, whilst others tend to sep- 
arate, and that this property varies in opposite 
directions with the different metals. At the 
close of their second paper they observe, that 
the action is of a kind that cannot be connected 
with any known theory; and though it is very 
remarkable that the effects are transient, like 
those of most electrical actions, yet they state 
that the greater number of the results observed 
by them are inexplicable, by supposing them 
to be of a purely electric origin. 

613. Dr. Fusinieri has also written on this 
subject, and given a theory which he considers 
as sufficient to account for the phenomena.^ He 
expresses the immediate cause thus: ‘The plat- 
ina determines upon its surface a continual 
renovation of concrete laminw of the combust- 
ible substance of the gases or vapours, which 
flowing over it are burnt, pass away, and are 
renewed : this combustion at the surface raises 
and sustains the temperature of the metal.^' 
The combustible substance, thus reduced into 
imperceptible laminae, of which the concrete 
parts are in contact with the oxygen, is pre- 
sumed to be in a state combinable with the 
oxygen at a much lower temperature than when 
it is in the gaseous state, and more in analogy 
with what is called the nascent condition. That 
combustible gases should lose their elastic state, 
and become concrete, assuming the form of ex- 
ceedingly attenuated but solid strata, is con- 
sidered as proved by facts, some of which are 
quoted in the Giomale di Fisica for 1824;* and 
though the theory requires that they should 
assume this state at high temperatures, and 
though the similar films of aqueous and other 
matter are dissipated by the action of heat, 
still the facts are considered as justifying the 
conclusion against all opposition of reasoning. 

614. The power or force which makes com- 
bustible gas or vapour abandon its elastic state 
in contact with a solid, that it may cover the 
latter ifiiith a thin stratum of its own proper 

^iSHormle di FisiMt Ao., 1826, Vol. VIII, p. 269, 

*pp. 138,871. 


substance, is contidered as being neither 
traction nor affinity. It is able ako to extend 
liquids and solids in concrete lamime over the 
surface of the acting solid body, and conmsts 
in a repulsion^ which is developed from the 
parts of the solid body by the simple fact of 
attenuation, and is highest when the attenua- 
tion is most complete. The force has a progres- 
sive development, and acts most powerfully, 
or at first, in the direction in which the dimen- 
sions of the attenuated mass decrease, and then 
in the direction of the angles or comers which 
from any cause may exist on the surface. This 
force not only causes spontaneous diffusion of 
gases and other substances over the surface, 
but is considered as very elementary in its na- 
ture, and competent to account for all the phe- 
nomena of capillarity, chemical affinity, attrac- 
tion of aggregation, rarefaction, ebullition, vol- 
atilization, explosion, and other thermometric 
effects, as well as inflammation,' detonation, 
&c., &c. It is considered as a form of heat to 
which the term mitive caloric is given, and is 
still further viewed as the principle of the two 
electricities and the two magnetisms. 

615. 1 have been the more anxious to give a 
correct abstract of Dr. Fusinierik view, both 
because I cannot form a distinct idea of the 
power to which he refers the phenomena, and 
because of my imperfect knowledge of the Ian-* 
guage in which the memoir is wiitten. I would 
therefore beg to refer those who pursue the 
subject to the memoir itself. 

616. Not feeling, however, that the problem 
has yet been solved, I venture to give the view 
which seems to me sufficient, upon known pinr 
ciples, to account for the effect. 

617. It may be observed of this action, that, 
with regard to platina, it cannot be due to any 
peculiar, temporary condition, either of an elec- 
tric or of any other nature: the acti^ty of 
plates rendered either positive or negative by 
the pole, or cleaned with such different sub- 
stances as acids, alkalies, or water; charcoal, 
emery, ashes, or glass; or merely heated, is suf- 
ficient to negative such an opinion. Neithw 
does it depend upon the spongy and porous, or 
upon the compact and bumidied, or upon the 
massive or the attenuated state of the 

for in any of these states it may be rendered^ 
fective, or its action may be taken away. The 
only essential condition appears to be a perfeeH^ 
ly dean and metaUic surfaccy for whenever theft 
is present the {Batina acts, whatever its foitn 
and condition In other respects may be; and 
thougjh vmiations in the latto poihte emy 
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m^eb aSeofe tbe cai^dityy and therefor^ tbe via- 
Ude appeajMioes and seeondary dfeeta, of 
aotion, i&e ignition of ike metal and the in- 

flammation of the gasesy they, even in their 
most favourable state, cannot produce any ef- 
fect unless the condition of a clean, pure, me- 
tallic surface be also fulfilled. 

618. The effect is evidently produced by most, 
if not ail, solid bodies, weakly perhaps by many 
of themi but rising to a high degree in platina. 
Dulong and Thenard have very philosophically 
extended our knowledge of the property to its 
possession by all the metals, and by earths, 
giass, stones, <kc. (611); and every idea of its 
being a known and recognised electric action is 
in this way removed. 

619. All the phenomena connected with this 
subject press upon my mind the conviction 
that the effects in question are entirely inci- 
dental and of a secondary nature ; that they are 
dependent upon the natural conditions of gas- 
eous elasticity, combined with the exertion of 
that attractive force possessed by many bod- 
ies, especially those which are solid, in an emi- 
nent degree, and probably belonging to all; by 
which they are drawn into association more or 
less close, without at the same time undergoing 
chemical combination, though often assuming 
the condition of adhesion; and which occasion- 
ally leads, under very favourable circumstances, 
as in the present instance, to the combination 
of bodies simultaneously subjected to this at- 
traction. I am prepared myself to admit (and 
probably many others are of the same opinion) , 
both with respect to the a;ttraction of aggrega- 
tion and of chemical affinity, that the sphere 
of action of particles extends beyond those other 
particles with which they are immediately and 
evidently in union (523), and in many cases 
produces effects rising into considerable im- 
poiiwce: and I think that this kind of attrac- 
tion is a determining cause of Doberemer’s ef- 
feoti aaad of the many others of a similar nature* 

6M* Bodies which become wetted by fluids 
with which they do not combine chemically, or 
in which they do not dissolve, are simple and 
wdi-known instances of this kind of attraction. 

i 621 * Ail those cases of bodies which being in- 
soluble in water and not combining with it are 
lOT^i^^tric, and emidense its vapour around 
or upon their surface, are stronger instances of 
the same power, and approach a little nearer to 
^eeamund^inveetigidiion. If pulverized clay, 
jj^ptpz^e or peroxkie of iron, oxide of manga- 
or evenmetab, as spongy platina 
Qili'jpcesl^ted silverj be put into an atomsh 


pbete contednmg vapour of water they soon 
become moist by virtue of an attraoti<m which 
is able to condense the vapour upon, aithou^ 
not to combine it with, the substances; and if, 
as is well known, these bodies so damped be 
put into a dry atmosphere, as, for instance, 
one confined over sulphuric acid, or if they be 
heated, then they yield up this water again al- 
most entirely, it not being in direct or perma- 
nent combination.^ 

622. Still better instances of the power I re- 
fer to, because they are more analogous to the 
cases to be explained, are furnished by the at- 
traction existing between glass and aw, so well 
known to barometer and thermometer makers, 
for here the adhesion or attraction is exerted 
between a solid and gases, bodies havmg very 
different physical conditions, having no power 
of combination with each other, and ^ch re- 
taining, during the time of action, its physical 
state unchanged.* When mercury is poured in- 
to a barometer tube, a film of air will remain 
between the metal and glass for months, or, as 
far as is known, for years, for it has never been 
displaced except by the action of means espe- 
cially fitted for the purpose. These consist in 
boiling the mercury, or in other words, of form- 
ing an abundance of vapour, which coming in 
contact with every part of the glass and every 
portion of surface of the mercury, gradually 
mingles with, dilutes, and carries off the air at- 
tracted by, and adhering to, those surfaces, re- 
placing it by other vapour, subject to an equal 
or perhaps greater attraction, but which when 
cooled condenses into the same liquid as that 
with which the tube is filled. 

623. Extraneous bodies, which, acting as nu- 
clei in crystallizing or depositing solutions, cause 
deposition of substances on them, when it does 
not occur elsewhere in the liquid, seem to pro- 
duce their effects by a power of the same Idnd, 
i.e., a power of attraction extending to neigh- 
bouring particles, and causing them to become 
attached to the nuclei, although it is not stremg 
enough to make them combine chemically with 
their substance. 

624. It would appear from many cases of nu- 
plm in solutions, and from the effects of bodies 

1 1 met at Edinburgh with a oajoe, remarkable as to 
its extent, of hygrometric action, assisted a little per- 
haps by very night solvent power. Some turf had 
been well-dried by loxig exposure in a covered place 
to the atmosphere, but being thtP submitted to the 
ai^on of a hydrostatic press, it yielded, by th$ ntssHs 
ififiu0nce of tM yrouui^ 64 per cent of water. 

iVisinieri and Bellani consider tiie air as'foHQEung • 
saM cm|t!e[te filmi^thoM (Tfomofed* Pistes, 





pul uilo 'atiDMHpbm eontainmg the vapouie 
of wftter, or camphor, or iodine, dsc., no if thk 
attrieetion wm in part elective, |»rtakm^ in 
its eharactem both of the attraction of aggre- 
ga^n and chemical affinity: nor ia this incon- 
Eostoit with, but agreeable to, the idea enters 
tained that it is the power of particles acting, 
not upon others wiih which they can imme- 
diately and intimately combine, but upon such 
as are dther more distantly situated with re- 
spect to them, or which, from previous condi- 
tion, physical constitution, or feeble relation are 
unable to enter into decided imion with them* 

625. Then, of all bodies, the gases are those 
which might be expected to show some mvJtual 
action whilst y(nn% under the attractive influ- 
ence of the platina or other solid acting sub- 
stance. Liquids, such as water, alcohol, &c«, 
are in so dense and comparatively incompres- 
sible a state, as to favour no expectation that 
their particles should approach much closer to 
each other by the attraction of the body to 
which they adhere, and yet that attraction 
must (according to its effects) place their par- 
ticles as near to those of the solid wetted body 
as they are to each other, and in many cases it 
is evident that the former attraction is the 
stronger. But gases and vapours are bodies 
competent to suffer very great changes in the 
relative distances of their particles by external 
agencies ; and where they are in immediate con- 
tact with the platina, the api»oximation of 
the particles to those of the metal may be very 
great. In the case of the hygrometric bodies re- 
ferred to (621), it is sufficient to reduce the vsr 
pour to the fluid state, frequently from atmos- 
pheres so rare that without this influence it 
would be needful to compress them by mechan- 
ical force into a bulk not more than Hoth or 
even ^ioth of their original volume before the 
vapours would become liquids. 

626. Another most important consideration 

in rdUktion to this action of bodies, and which, 
as far as I am aware, has not hitherto been not- 
iced, is the condition of elasticity imcter which 
the gases are placed against the acting surface. 
We have but very imperfect notions of the real 
and mtimafe coaditk>ns of the particles of a 
body existyig in the solid, the liquid, and the 
gaseous state; but when we speak of tiie gas* 
ebus state as bting due to the mutual n^ul- 
suais of pattides or of theh atmospheres, 
although we may m in imagining each parti* 
do to be nudeos to an atinosphere erf 

h^r other agen^ we are 

siffl CKrfisiddilng the 


daeticit^ 

Nbw . fiis mutual rdatiw laHa altogelim oh 
the side of tim gaseous partides niie^ to ^ 
platina, and we might be led to expect AprAri 
a deficiency of elastic force there to at least Mi 
half; for if, as Dalton has shown, tiie ohstfe 
force of the imrtides of one gas cannot act 
against the elastic forcq of the particles of an*^ 
other, the two being asSracua to each other, so 
is it far less likdy l£at the particles (rf theirfat* 
ina can exert any influence on those of the gSs 
against it, such as would be exerted by gaseous 
particles of its own kind. ' . ^ 

627. But the diminution of power to one-hail 
on the side of the gaseous l^y towards tiie 
metal is only a slight result of what seems toms 
to ik)W as a necessary consequence of the known 
constitution of gases. An atmosphere of one 
gas or vapom, however dense or compresscdi^ 
is in effect as a vacuum to another: thus, if a 
little water were put into a vessd oontaminga 
dry gas, as air, of the pressure erf one hundred 
atmospheres, as much vapour of the water 
would rise as if it were in a perfect vacuum. 
Here the particles of watery vapour appear to 
have no difficulty in approachmg witli^ any 
distance of the particles of air, beinginfluOnced 
solely by relation to particles of their own kind; 
and if it be so with respect to a body having 
the same eiaatic powers as itself, how much 
more surely must it be so with particles, like 
those of the platina, or other limiting hod^ 
which at the same time that they have not 
these elastic powers, are also unlike it 4h mr 
ture! Hence it would seem to result that the 
partides of hydrogen or any other gas or vat 
pour which are next to the platina, Ac., must 
be in such contact with it as if tb^ were in the 
Uquid state, and therefore dmost inflnitdy 
closer to it than they are to each others evmi 
though the metal be suiposed to ex^ irnat* 
tractive influence over them. 

626. A third and very important consider^ 
tionin favour of the mutual action of gasesu#> 
der these circumstances is ih&x perfect misob* 
bUity. If fluid bodies capable of combining tOK 
gether are also capable of mixture, they ds 
bine when are m^led, not widtia^^^v 
any erfher <tetermining drcumstance ; but 
Bttdi gases as oxygen and hydrog0n ^^P|ski^ 
gether, thou|^ they are dements 
powerful affinity as to umte uatmallyuditMl 
thousand different drcumstances, IfeQr 
oombiiie by mere mixture. MU it in sfvitort 
tiiat, £tom their perfect aasodatij^ thaparti* 
des hi the mod favoin^^ 
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for oombmutbn upon the eupenrention of my 
determximg caiiee) such dthar 
action of the platina in suppressing or annihi* 
lating^ as it were, their ela^city on its side; or 
tite positive action of the metal in condensing 
them against its surface by an attractive force; 
or the influence of both together. 

629. Although there are not many distinct 
oases of combination under the influence of 
forces external to the combining particles, yet 
there are sufficient to remove any diffictdty 
which might arise on that ground. Sir James 
Hall found carbonic acid and lime to remain 
combined under pressure at temperatures at 
which they would not have remained combined 
if the pressure had been removed; and I have 
had occasion to observe a case of direct com- 
bination in chlorine,^ which being compressed 
at common temperatures will combine with 
water, and form a definite crystalline hydrate, 
incapable either of being formed or of existing 
if that pressure be removed. 

630. The course of events when platina acts 
upon, and combines oxygen and hydrogen, may 
be stated, according to these principles, as fol- 
lows. From the influence of the circumstances 
motioned (619, &c.), i.e., the deficiency of 
elastic power and the attraction of the metal 
for the gases, the latter, when they are in as^ 
sociation with the former, are so far condensed 
as to be brought within the action of their mu- 
tual affinities at the existing temperature; the 
deficiency of elastic power, not merely subject- 
ing them more closely to the attractive influ- 
^ce of the metal, but also bringing them into 
a more favourable state for union, by abstract- 
ing a part of that power (upon which depends 
tibieir elasticity) which elsewhere in the mass 
of gases is opposing their combination. The 
eonsequ^ce of their combination is the pro- 
duction of the vapour of water and an eleva- 
tion of temp^ature. But as the attraction of 

platina for the water formed is not greater 
liian for the gases, if so great (for the metal is 
searoely hygromekic), &e vapour is qmckly 
diffused ^ou^ the remaining gases: fresh 
portions of the latter, therefore, come into jux- 
taposithm with the metal, combine, and the 
vapour fmmed is ali^ diffused, allowing 
new portions of gas to be acted upon. In this 
way process advances, but is accelerated 
by ttoiemiutfon of heat, which is known by ex- 
to facilitate combination in pro- 
to its intensity » and the temperature is 
th^^pWd^ exalted until ignition results. 

SrbssMMSfonci 1323, p. 161. 


631. The disnpatbn of the Vapcmr produced 
at the surface of the platina, and the contact of 
fresh oxy^n and hydrogen with the metal, 
form no difficulty in this explication. The plat- 
ina is not considered as causing the combination 
of any particles with itself, but only associat- 
ing them closely around it; and the compressed 
particles are as free to move from the platina, 
being replaced by other particles, as a portion 
of dense air upon the surface of the globe, or at 
the bottom of a deep mine, is free to move by 
the slightest impulse, into the upper and rarer 
parts of the atmosphere. 

632. It can hardly be necessary toijpve any 
reasons why platina does not show this effect 
under ordinary circumstances. It is ihen not 
sufficiently clean (617), and the gases We pre- 
vented from touching it, and suffering ^hat de- 
gree of effect which is needful to coi^mence 
their combination at common temperatures 
and which they can only experience at its sur- 
face. In fact, the very power which causes the 
combination of oxygen and hydrogen is com- 
petent, under the usual casual exposure of plat- 
ina, to condense extraneous matters upon its 
surface, which, soiling it, take away for the 
time its power of combining oxygen and hy- 
drogen, by preventing their contact with it 
(698). 

633. Clean platina, by which I mean such as 
has been made the positive pole of a pile (570), 
or has been treated with acid (605), and has 
then been put into distilled water for twelve or 
fifteen minutes, has a pecvliar friction when 
one piece is rubbed against another. It wets 
freely with pure water, even after it has been 
shaken and dried by the heat of a spirit-lamp; 
and if made the pole of a voltaic pile in a dilute 
acid, it evolves minute bubbles from every part 
of its surface. But platina in its common state 
wants that peculiar friction: it will not wet 
freely with water as the clean platina does ; and 
when made the positive pole of a pile, it for a 
time gives off toge bubbles, which seem to 
cling or adhere to the metal, and are evolved at 
distinct and s^arate points of the surface. 
These appearances and effects, as well as its 
want of power on oxygen and hydrogen, are 
the consequences, and the indicatfons, of a 
soiled surface. 

634. 1 found also that platina plates which 
had be^ cleaned perfectly soon b^ame soiled 
by mere exposure to the air; for after twenty- 
four hours they no longer moistened freely with 
water, but the fluid ran up into portions, lesv- 
wg part of tAesurfaoe bare» wbUst other jE^etes 
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which had beea retained in wator for the same 
time, when they were (hied (580) did mdsten, 
and gave the other indications of a clean sur- 
face. 

635. Nor was this the ease with platina or 
metals only, but also with earthy bodies. Rock 
crystal and obsidian would not wet freely upon 
the surface, but being moistened with strong 
oil of vitriol, then washed, and left in distilled 
water to remove all the acid, they did freely 
become moistened, whether they were previ- 
ously dry or whether they were left wet; but 
being dried and left exposed to the air for twen- 
ty-four hours, their surface became so soiled 
that water would not then adhere freely to it, 
but ran up into partial portions. Wiping with 
a cloth (even the cleanest) was still worse than 
exposure to air; the surface either of the min- 
erals or metals immediately became as if it 
were slightly greasy. The floating upon water 
of small particles of metals under ordinary cir- 
cumstances is a consequence of this kind of 
soiled surface. The extreme difficulty of clean- 
ing the surface of mercury when it has once 
been soiled or greased, is due to the same cause. 

636. The same reasons explain why the pow- 
er of the platina plates in some circumstances 
soon disappear, and especially upon use: MM. 
Dulong and Thenard have observed the same 
effect with the spongy metal,^ as indeed have 
all those who have used Dobereiner^s instan- 
taneous light machines. If left in the air, if put 
into ordinary distilled water, if made to act up- 
on ordinary oxygen and hydrogen, they can 
still find in all these cases ihal minute portion 
of impurity which, when once in contact with 
the surface of the platina, is retained there, and 
is sufficient to prevent its full action upon oxy- 
gen and hydrogen at common temperatures: a 
slight elevation of temperature is again suffi- 
cient to compensate this effect, and cause com- 
bination. 

637. No state of asolid body can be conceived 
more favourable for the production of the ef- 
fect than that which is possessed by platina ob- 
tained from the ammonio-muriate by heat. Its 
surface is most extensive and pure, yet very 
accessible to the gases brought In contact with 
it: if placed in impurity, the interior, as The- 
nard and Dulong have observed, is preserved 
clean by the exteiw; and as regards tempera- 
ture, it is so bad a conductor of heat, because 
of its divided condition, that almost all which 
is evolved by the combination of the por- 
tions of gas is retained within the mass, exalb- 

I AmuOrn dk ChimU, Vdl. XXtV. p. 886. 


ii^ the tendency of the suctseeding peitiim^ 
combine. v* 

; ' f 

638. 1 have now to notice some very extra- 
ordinary interferences with this phenomenon, 
dependent, not upon the nature or conditionof 
the metal or other acting solid, but upon the 
presence of certain substances mingled with 
the gases acted upon; and as 1 shall have oc- 
casion to speak frequently of a mixture of oxy- 
gen and hydrogen, I wish it always to be und^ 
stood that I mean a mixture composed of one 
volume of oxygen to two volumes of hydrogen, 
being the proportions that form water. Unless 
otherwise expressed, the hydrogen was always 
that obtained by the action of dilute sulphuric 
acid on pure zinc, and the oxygen that obtained 
by the action of heat from the chlorate of po- 
tassa. 

639. Mixtures of oxygen and hydrogen witti 
air, containing one-fourth, one-half, and ev^ 
two-thirds of the latter, being introduced with 
prepared platina plates (570, 605) into tubes, 
were acted upon almost as well as if no air were 
present : the retardation was far less than might 
have been expected from the mere dilution and 
consequent obstruction to the contact of the 
gases with the plates. In two hours and a half 
nearly all the oxygen and hydrogen introduced 
as mixture was gone. 

640. But when similar experiments weremade 
with olefiant gas (the platina plates having been 
made the positive poles of a voltaic pile [570] 
in acid), very different results occurred. A mix- 
ture was m^e of 29.2 volumes hydrogen and 
14.6 volumes oxygen, being the proportions 
for water; and to this was added another mix^ 
ture of 3 volumes oxygen and one volume ole- 
fiant gas, so that the olefiant gas formed but 
Jisth part of the whole; yet in this mixture the 
platina plate would not act in forty-five hours. 
The failure was not for want of any power in 
the plate, for when after that time it was taken 
out of this mixture and put into one of oxygen 
and hydrogen, it imm^iately acted, and In 
seven minutes caused explosion of the gas. This 
result was obtained several times, and wfa^ 
larger proportions of olefiant gas wm mi^ 
the action seemed still more hopdess. 

641. A mixture of forty-nine volutnes 

gen and hydrogen (638) with one volume bf 
olefiant gas had a well-prepared phtlnA plate 
introduced. The diminution of gas was sbi^Kier 
ly serudble at the end of tfwo^ dniing 
winch it was watched; btxt dh eamminmioii 
twaity-f<mr houni afterwarde^ the tebe wis 





had him very mu<^ retarded^ had 
oecun^ a4t laet, and risen to a ma»xmim. 

. 442. With a mixture of tiinety^nine volutnes 
oxygen and hydrogen (638). vrith one of oteh 
fiaid/ gn^, a feeble action was evident at the end 
^;>£ifty minutes; it w^t on accelerating (630) 
iantil the ^ghty-fifth minute, and then became 
m intense that the gas exploded. Here also the 
iiv^arding ^ect of the olefiant gas was very 
beautifully illustrated. 

:643. Plates prepared by alkali and add (605) 
luoduced effects corresponding to those just 
described. 

644. It is perfectly clear from these experi- 
ments, that olefimt gaa^ even in small ^uanti- 
tiies, has a very remarkable influence in pre- 
voting the combination of oxygen and hydro- 
*^gen under these circumstances, and yet with- 
:Ot at all injuring or affecting the power of the 
platina. 

; 646. Another striking illustration of similar 
interference may be shown in carbonic oxide; 
especially if contrasted with carbomc acid. A 
of one volume oxygen and hydrogen 
(6^) with four volumes of carbonic acid was 
affected at once by a platina plate prepared 
with add, dec. (605), and in one hour and a 
qusiter nearly all the oxygen and hydrogen 
was gone. Mixtures containmg less carbonic 
acid were still more readily affected. 

646. But when carbonic oxide was substi- 
tuted for the carbonic acid, not the slightest ef- 
fect of combination was produced; and wh^ 
the carbonic oxide was only one-eighth of the 
whole volume, no action occurred in forty and 
fifty hours. 7at the plates had not lost their 
powsr; for hdng taken out and put into pure 
. BXiii hy^gwi, they acted well wd at 

<|6ce. 

; 647. Two volumes of carbonic oxide and one 
oxygen were mingled with nine volumes 
0 f,OX 3 ^en and hydrogen (636). This mixture 
was hot affected by a plate which had been 
gaailo |) 0 Bitiv 6 in a<^, tbou|^ it remained in it 
ptiwi hours. But wW to same volumes of 

sairbsmq oxide and oxygen were added tMrty- 
vdumes ot oxygen and hydrogen, the 
carbomeopde being ^en mly Hath part of the 
, ^Wfhde, ti» plfi^ slowly at fimt, and at 
i|toendoflor^-4woiins^^ 

These esqieiisaenta were ext^ded to 
.^lUW^ffl'jgeses and vapo|iis» tha^general results 
may begivenias fc^bw. Oxygen, hy^ 
nitrogen, and nitrous oxide, when us^ 
^4NplatS. th^ mixture of mgrgen aiui hydrogen, 


did ttw.){flaees>whaa 

whwa tiiey made fbui>fifti3ao{^ 
ume of gas acted upon. Nor was the retards 
tion so great in any case as nught have been 
expected from the mere dilution of Ihe oxygen 
and hydrogen, and the consequent mechanical 
obstruction to its contact with the platina; The 
order in which carbonic acid' and these sub- 
stances seemed to stand was as follows, the &st 
interfering least with the action; oxide, 
hydrogen^ carbonic acid^ nitrogen, oxygen: but it 
is possible the plates were not equally well pre^- 
pared in all the cases, and that other circum- 
stances also were unequal; consequ^tly more 
numerous experiments would be required to 
establish the order accurately. 

649. As to cases of retardation, the jlbweis of 
olefiant gas and carbonic oxide have been al- 
ready described. Mixtures of oxygen and hydro- 
gen, containing from K«th, to Hoth of smphuiv 
ett^ hydrogen or phosphuretted hydrogen, 
seemed to show a little action at first, but were 
not further affected by the prepaid plates, 
though in contact with them for seventy hours. 
When the plates were removed they had lost aU 
power over pure oxygen and hydrogen, and the 
interference of these gases was therefore of a 
different nature from that of the two former, 
having permanently affected the plate. 

650. A small piece of cork was dipped in sul- 
phuret of carbon and passed up throu^ water 
into a tube containing oxygen and hydrogen 
(638), so as to diffuse a portion of its vapour 
through the gases. A plate being introduced 
iq>peaj^ at ^t to act a little, but after sixty- 
one hours the diminution was very small. Up- 
on putting the same plate into a pure mixture 
of oxygen and hydrogen, it acted at once and 
powerfully, having apparently suffered no dim- 
inution of its force. 

651. A little vapour of ether being mixed 
with the oxygen and hydrogen retarded the ae^ 
tion of the plate, but did not prevent it alto- 
gether* A little pfihe vapour of the condensed 
oil-gas liquori retiuded the action still more, 
but not nearly so mu^ as an equal vdume of 
olefiant gas wo6id have done.' In both these 
cases it was ^thei^aginal oxygen an^ 

which combipsd together^ ether and <tbs 
oil^^ vapour jm^nung unaffected, and in 
both cases the i^tesrotidW the power of act? 
i]^ on fresh oxyg^ ami hidrcgen.^ 

6^. Spongy ifls^ was ; used in piaee 
of the ptatee, and jets of hydrogen imniM 
yMk the gases thr^ agahxit Help 

1836| p. see* . 
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air/Tlie mrblts wm exactly of tbe saine land, 
although preBented occasionally in a more im^ 
pcMsing fonn. Thus, mixtures of one ydlunie of 
(defiant gas or cartonic oxide with three of hy- 
drogen could not heat the spongy platina when 
the expmments were commenced at common 
temperatures; but a mixture of equal volumes 
of nitrog^ and hydrogen acted very well, caus- 
ing ignition. With carbonic acid the results 
were still more striking. A mixture of three vol- 
umes of that gas with one of hydrogen caused 
ignitwn of the phtina, yet that mixture wcHild 
not continue to bum from the jet when at- 
tempts were made to light it by a taper. A mix- 
ture even of seven volumes of carbonic acid and 
one of hydrogen will thus cause the ignition of 
cold spongy platina, and yet, as if to supply a 
contrast, than which none dm be great^, it 
cannot hum at a taper, but causes the extinc- 
tion of the latter. On the other hand, the mix- 
tures of carbonic oxide or olefiant gas, which 
can do nothing with the platina, are inflamed 
by the taper, burning well. 

663. Hydrogen mingled with the vapour of 
ether or oil-gas liquor causes the igmtion of the 
spongy platina. The mixture ^dth oil-gas bums 
with a flame far brighter than that of the mix- 
ture of hydrogen and olefiant gas already re- 
ferred to, so that it would appear tluit the re- 
tarding action of the hydrocarbons is not at all 
in proportion merely to the quantity erf carbon 
present. 

654. In connexion with these interferences, I 
must state, that hydrogen itself, prepared from 
steam passed over ignit^ iron, was found when 
mingl^ with oxygen to resist the actiem of 
platina. It had stood over water seven days, 
and had lost all fetid smell ; but a jet of it would 
not cause the ignition of spongy platina, com- 
mencing at common temperatures; nor would 
it combine with oxygen in a tube eittiw under 
the influence of a prepared plate or of s^ngy 
platina. A mixture of one volume of this gas 
with three of pure hydrogen, and the due pro- 
portion of oxygen, was not affected by plates 
after fifty hours. I am inclined to refer the ef- 
fect to carbonic oxide present in the gas, but 
have not had time to verify the suspicion. The 
power of the plates was not destroyed (640, 
646). 

666. Such are the general facts of these re- 
maricable interferences. Whether the effect pro- 
duced by such small quantities of oert^ gases 
d^euds upon any cUrect action whic^ they 
maj^ exeH upon ttie parades of oxygenand hy- 
hy which the latter are renddtd less 


m then* omdffying theaotiem 
porarily (for they prodhoe no reaLtha^ un 
it), investing it tiirou^ the agency a 
stronger attraction than t^t of the hydrogen^ 
or otherwise, remams to be decided by xnoia 
extended experiments. 

666. The theory of action which I have i^ven 
for the original phenomena appears to me cpiite 
sufficient to account for all the effects by ref- 
erence to known properties, and dispenses with 
the assumption of any new power of matter.; I 
have pursued this subject at some lengthy as 
one of great consequence, because I am con- 
vinced that the superficial actions of matter, 
whether between two bodies, or of one piece of 
the same body, and the actions of particles not 
directly or strongly in combination, are becom- 
ing dafiy more and more important to our 
ories of chemical as well as mechanical philos- 
ophy.^ In all ordinary cases of combustion it is 
evident that an action of the kind considered, 
occurring upon the surface of the carbon in the 
fire, and also in the bright part of a flame, must 
have great influence over the combinatimui 
there taking place. 

667. The condition of elasticity upon the ex- 
terior of the gaseous or vaporous mass already 
referred to (626, 627), must be connected di- 
rectly with the action of solid bodies, as nu- 
clei, on vapours, causing condensation upou 
them in preference to any condeosation iu tiie 
vapours themselves; and in the well-known ^ 
feet of nuclei on solutions a similar conditkHX 
xnay have, existence (623), for an analogy in 
eonefition exists between tiie parts of a body iti 
solution, and those of a body in the vaporous 
or gaseous state. This thought leads us to 
consideration of what are the respective 
ditions at the surfaces of contact of two poi^ 
tions of the same substance at the same temr 
perature, one in the solid or liquid, and the 
other in vaporous state; as, for instanijae, 

^ As a oorious illustration of the influence of 
ohanioal forces over chemical affinity, I will quote ’ 
the refusal of certain substances to effioresce wlw 
their surfaces are perfect, which yield immediat^F 
upon the surface being broken. If crystals of 
ate of soda, or phosphate of soda, or sulphate el 
having no part of thrir surfaces broken, b^reteVi#'^ : 
from external violence, they will not effloresaeu .X 
have thus retataed crystals of carbonate of soda peF- 
fectiy tran^arent and unchanged from Septaaiber 
1S27 to January 1833; and crystals of sulphate of 
soda from Slay 1832 to the present time, November 
1833. If any part of the surface were aeratchad or 
broken, thm effiorescence began at timt saA . 
covered the whole. The oryst^ w«i^ meribr plae^ 
in evaporating basins and eovored with peivt* 
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snd water. It would se^ that tiie par* 
tides of vapour next to the paiticles of liquid 
are in a different relation to the latter to what 
they would be with respect to any other liquid 
or solid substance; as, for instance, mercury or 
platina, if they were made to replace the water, 
i.e., if the view of independent action which I 
have taken (626, 627) as a consequence of Dal- 
ton% principles, be correct. It would also seem 
that the mutud relation of similar particles, 
and the indiff erenc 3 of dissimilar particles which 
Dalton has established as a matter of fact 
amongst gases and vapours, extends to a cer- 
tain degree amongst solids and fluids, that is, 
when they are in relation by contact with va- 
pours, either of their own substance or of other 
bodies. But though I view these points as of 
great importance with respect to the relations 
'^existing between different substances and their 
physical constitution in the solid, liquid, or 
gaseous state, I have not sufficiently consid- 
ered them to venture any strong opinions or 
statements here.^ 

668. There are numerous well-known cases, 
in which substances, such as oxygen and hy- 
drog^, act readily in their nascent state, and 
produce chemical changes which they are not 
able to effect if once they have assumed the 
gaseous condition. Such instances are very com- 
mon at the poles of the voltaic pile, and are, I 
think, easily accounted for, if it be considered 
that at the moment of separation of any such 
particle it is entirely surrounded by other par- 
ticles of a different Idnd with which it is in close 
Contact, and has not yet assumed those rela- 
tions and conditions which it has in its fully 
developed state, and which it can only assume 
by association with other particles of its own 
kbd. For, at the moment, its elasticity is ab- 
sent, and it is in the same relation to particles 
with which it is in contact, and for which it has 
an affinity, as the particles of oxygen and hy- 

I In rsferenoe to this paragraph and also 626, see a 
oorreetion by Dr. C. Henry, in his valuable paper on 
this curious subject. FhUoaophicdl Magasinet 1835, 
Vpl. VI. p. 366,— Dec. 1838. 


drogen are to eadi other on the surface of clean 
platina (626, 627). 

659. The singular effects of retardation pro- 
duced by very small quantities of some gases, 
and not by large quantities of others (640, 646, 
652), if dependent upon any relation of the ad- 
ded gas to the surface of the solid, will then 
probably be found immediately connected with 
the curious phenomena which are presented by 
different gases when passing through narrow 
tubes at low pressures, which I observed many 
years ago;* and this action of surfaces must, I 
think, influence the highly interesting,phenom- 
ena of th'Cffiffusion of gases, at least in the form 
in which it has been experimented upcm by Mr. 
Graham in 1829 and 1831,® and also by Dr. 
Mitchell of Philadelphia^ in 1830. It see^ very 
probable that if such a substance asTspongy 
platina were used, another law for the diffusion 
of gases imder the circumstances would come 
out than that obtained by the use of plaster of 
Paris. 

660. 1 intended to have followed this section 
by one on the secondary piles of Ritter, and 
the peculiar properties of the poles of the pile, or 
of metals through which electricity has passed, 
which have been observed by Ritter, Van 
Marum, Yelin, De la Rive, Marianini, Berze- 
lius, and others. It appears to me that all these 
phenomena bear a satisfactory explanation on 
known principles, connected with the investi- 
gation just terminated, and do not require the 
assumption of any new state or new property. 
But as the experiments advanced, especially 
those of Marianini, require very careful repe- 
tition and examination, the necessity of pursu- 
ing the subject of electro-chemical decomposi- 
tion obliges me for a time to defer the researches 
to which I have just referred. 

Royal Institvtion, November 30, 1833 

* Quarterly Journal of Soiencct 1819, Vol. VII, p. 
106. 

■ Quarterly JourroSt of Science^ Vol. XXVIII, p. 74, 
and Edinburgh Tranaacliom, 1831. 

« Journal of the Royal Institution lor 1831, p. 101. 
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Pnhmtnary 

661.Thb theory tvfaich I believe to be a true ex- 
presfflon of the facte of electro-chenucal decom- 
position, and which I have therefore detailed 
in a former series of these Reteartihes, is so much 
at variance with those previoudy advanced, 
that I find the greatest difficulty in stating re- 
sults, as I thii^, correctly, whilst limited to 
the use of terms which are current with a cer- 
tam accepted meaning. Of this kmd is the term 
pole, wil^ its prefixes of positive and negative, 
and the attacW ideas of attraction and repul- 
sion. The general phraseology is that the posi- 
tive pole (Mracts oxygen, acids, &c., or more 
cautiously, that it detemmea their evolution 
upon its surface; and that the negative pole 
acts in an equal manner upon hydrogen, com- 
bustibles, metals, and bases. According to my 
view, the determining force is not at the poles, 
but wUhin the body under decomposition; and 
the oyxgen and acids are rendered at the neg- 
ative extremity of that body, whilst hydrogen, 
metals, &e., are evolved at tl^ positive extirea.- 
ity (518, 524), 

662. To avoid, tiierefore, confusion and cir- 
cumlocution, (md for the sake of greater pred- 
sion of expression than I can otherwise obtain, 
I have defiberatdy considered die subject with 
two friends, and widi their assistance and con- 
currence in framing them, I purpose hencefor- 
ward using certain other terms, which I wiU 
now define. The poles, as they are luually 
ctdlad, are only the doors or ways by which the 
electric currrat passes into and out of the de- 
compoenng body (556); and diey Of courw, 
wh«i in contact with tfant bo(^, are the Umits 
of its extent in die ffireedon of &e current. Ibe 

* fie(» to tho note afteir 1047, Setiea Vni.— JD«o. 
1888. 


term has been generally applied to the metid 
surfaces in contact with the decompodng sub- 
stance; but whether philosophers generally 
would also apply it to the surfaces of air 
(465, 471) and water (493), against which I 
have effected electro-chemical decomposition, 
is subject to doubt. In place of the twm 
pole, I propose using that of dectrode,* and I 
mean thereby that substance, or rathw 
surface, whether of air, water, metal, or any 
other body, which boimds the extent of the 
decomposing matter in the direction of tlm 
electric current. . ' 

663. The surfaces at which, according to 
common phraseology, the electric current M- 
ters and leaves a decomposing body, are most 
important places of action, and require to be 
distinguished apart from the poles, with vdiich 
th^ are mostly, and the electrodes, with which 
th^ are always, in contact. Wishing for a nat- 
ural standard of electric direction to which I 
might refer these, expressive of their diffaenqa 
and at the same time free from all theory, 1 
have thoufdit it might be found in the earth. If 
the magnetism of die earth be due to eleotrio 
currents passing round it, the latter must be in 
a constant direction, vdiich, according to pres- 
mit usage of tpeech, would be from east to nrest, 
or, whi^ will stres^hen this help to (he mem- 
ory, that in whi<h the sun appears to move. If 
in any case of electro-decomposition we eo%^ 
sidffl- the decomposing body as placed so that 
the currmt passmg t^ugh it shall be in th«' 
same direction, and parallel to that eaifioMd 
to exist m the earth, ^en the surfaees ati^likh 
the electricity is passing into and aatt iot ^ 
subetimee' would tove an invacuMe 
and exfa^t oonstantiy the same rdaf^ m 
aad ‘a way.’ . 
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tJpj^ fiib notion we purpose celling 
tWt towasi^ tlie east the mode,^ &&d that to«> 
wards the west the cathode,^ and whatever 
ohaxigeB may take place m our views of the ua- 
tmie of ^eotiicity and dectrical^acfioii, as they 
must affect the ruxtural standard referr^ to» in 
&e same direction, and to an equal amount 
with any decomposing substances to, which 
these terms may at any time be applied, there 
seems no reason to expect that they will lead 
to eonfusion, or tend in any vrny to mipport 
false views* The anode is therefore that surface 
at which the electric current, according to qur 
present expression, enters: it is the negaJtioe ex- 
tiumity of the decomposing body; is where ox- 
ygen, chlorine, acids, &o., are evolved; and is 
against or opposite the positive electrode. The 
^a&ode is that surface at which the cuirait 
leaves the decomposing body, and is its posi- 
Immctrexnity; the combustible bodies, metals, 
aUcalies, and bases, are evolved there, and it is 
hi contact with the negative electrode. 

, i 664. 1 shall have occasion in these ResecsrcheSi 
abo, to class bodies together according to cer- 
tain jpelations derived from their electrical ac- 
tions (822) ; and wishing to express tiiose rela- 
tions without at the same time involving the 
eiprteiiion of any hypothetical views, I intend 
uting the following names and terms. Many 
bodies are decomposed directly by the electric 
current, their elements being set free; these I 
propose to call electrolytes} Water, therefore, is 
an tieotrolyte. The bodies which, like nitric or 
sid^urio adds, are decomposed in a secondary 
maimer (752, 757), are nqt included under this 
taim. Then for ekctro^t^mically decomposed, I 
ihafl often use the term dedrolyzed, derived in 
^ same way, and implying that tiie body 
apiokmi of is separated into its comp(ments 
dW the influence of dectiidty : it is analogous 
is its sense and sound to analyse, winch is do- 
timid in a similar manner. The term ekdroly^ 
M trill be understood at once: muriatic acid 
kiehmtiolytical, horadc acid js not. 

^ i Fhxafly, X inquire a term to expi^ 

loodSm which cap pass to the dectrodes, or, as 
tliqy ste usually c^led, the poles* Substances 
iieqamtly spoken of as bring elecko^negor 
Hitts, according as they go un* 

driP the supposed influence of a direct attrao- 

the positive or negative pole. But these 

*upwiu»ds* ani SSSs ‘a myf the way whidi 

*dowaw;snti*f fa ; way*; thsi aspy 

xne sun seta. 

and XiiG«, aobv. If; filectrolyta, IT* 


topms are much lOo rignifiesni for Urn use to, 
which I should have to put them; f(»* thou^ 
the mean^ are perhaps ri^t, are only 
hypothetical, and may be wrong; and then, 
through a very imperceptible, but still very 
dangerous, because continual, influence, they 
do great injury to science, by contracting and 
limiting the habitual views of those engaged in 
pursuing it. 1 propose to distinguish such bod- 
ies by calling ^bse onfons* Which go to the on- 
ode of the decomposing body; and those pass- 
ing to the caihode, eaiions} and when I have 
occasion to speak of these together, I, shall call 
them ioas!Thus the chloride of lead is an rieo- 
trolyie, and when dectrolysed evolves the two 
ions, chlorine and lead, the fonneryeing an 
anion, and the latter a cation. \ 

666. These terms being once weUndefined, 
will, I hope, in thrir use enable me to avoid 
mu<^ periphrasis and ambiguity of expression. 
I do not mean to press them into service more 
frequently than will be required, for I am fully 
aware that names are one thing and science 
another. 

667. It will be well understood that I am giv- 
ing no opinion respecting the nature of the eleo- 
tric current now, b^^nd what I have done on 
former occasions (283, 517) ; and that though 1 
speak of the current ns proceeding from the 
parts which are positive to those which are neg- 
ative (663), it is merely in accordance with the 
conventional, though in some degree tacit, 
agreement entered into by scientific men, that 
they may have a constant, certain, and definite 
means of referring to the direction of the forces 
of that current.^ 

f iv. On Some General Conditions d Electro^ 
chemical DecomposUion 

669. From the period when electro-chemical 
decomposition was first effected to the present 
time, it has been a remark, that those elements 
which, in the ordiimry ph^omena of chemical 
affinity, were the most directly opposed to each 
otiier, and combined with the greatest attrac- 
tive force, were those which were the mori^ 
readily evolved at the opposite extremities pf 

deoompraing.bpdies (54;9)« 

670. If ithis result was evi^t when water 
was supposed to be essential to, and was pres* 

*t])iat which goes up.’ (Neuter, pfurt^]^.); , 
Kari^ *tbat which goes down.* 

« Since this was read, I have changed some' 
of Ihe tenss vdncb wem fh«t pTbpoaedi that I 

employ only such as were at the same time simple in 
thrir oatuxe. iileer in-their nsferenoe* nod inse.lrdiii 
hypotbeeb. • 
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(47S2),t ^mt n^w thii;t it Im 

be^ shorn laid that water is not nech 
^^uskrily coiLpem^ in the phenom^a (47i)i 
and tt^ otb^r bodies much surpass It in some 
of the .eS^ supposed to be peculiar to that 
substance. 

671^ .Water, from its constitution and the na- 
ture of its elements, and from its frequ^t pres- 
enqe in cases of electrolytic action, has hitherto 
stood foremost in this respect. Though s com- 
pound formed by very powerful affinity, it 
yields up its elements under the influence of a 
very feeble electric current; and it is doubtful 
whether a case of electrolyzation can occur, 
where, beipg present, it is not resolved into its 
first principles. 

672. The various oxides, chlorides, iodides, 
and salts, which I have shown are decompos- 
able by the electric current when in the liquid 
state, under the same general law with water 
(402), illustrate in an equally striking manner 
the activity, in such decompositions, of ele- 
ments directly and powerfully opposed to each 
other by their chemical relations. 

673. On the other hand, bodies dependent on 
weak affinities very rarely give way. Take, for 
instance, glasses: many of those formed of sil- 
ica, lime, alkali, and oxide of lead, may be con- 
sidered as little more than solutions of sub- 
stances one in another.^ If bottle-glass be fused, 
and subjected to the voltaic pile, it does not 
appear to be at all decompose (408). If flint 
glass, which contains substances more directly 
oppo^, be operated upon, it suffers some de- 
composition; and if borate of lead glass, which 
is a definite chemical compound, be experi- 
mented with, it i*eadily yields up its elements 
(408). 

674!. But {he result which is found to be so 
strilsmg in the instances quoted is not at all 
b^me out by reference to oth^ cases where a 
similar consequence might have been expectjsd. 
It may bo said, that my own theory of eleotro- 
cbemical decomposition would lead to the ex- 
pectatiem that aU compound bodies should give 
wi^y luider the influence of the electric current 
wi&# fadlii^ proportionate to the strength of 
&oaffiiuty which thdr elements, either proK- 

imateor ultimate, are coinhined^ I am not sure 
that that follows m a, Ksonsequence of the the* 
ory; but if the objection is supposed to be one 
present^ by the facta» I have no doubt it will 
when wn obtain a, more intimate 
of, thenar 


tuieof eheimoal affimty and the iBode^^ 
of an electric eurrtot over it (618, 524) ; bcaUes 
which} itie just as director oppos^ to 
er theory of eiectro-cbemioal decomporitiOn eii 
the ozi^ I have propounded; for if it to admitf 
ted, as isrgeneratty the.case, that the more di^ 
rectly bodW are opposed to each other in th^ 
attractive forces, &e more powerfully do they 
combine, then the objection applies with equal 
force to any of the theories of electrolysation 
which have been considered, and is m addition 
to those which I have taken against them.^ . 

675. Amongst powerful compounds which 
are not decomposed, boracic aends stand pnan^ 
inent (408). Then again, the iodide of sulpbmr, 
and the chlorides of suli^ur, phosphorus, and 
carbon, are not decomposable under comnuHi 
circumstances, though their elements are oE a 
nature which would lead to a contrary expec- 
tation. Chloride of antimony (4Q2, 690), the 
hydro-carbons, aceticacid, ammonia, and many 
other bodies undecomposable by the voltaic 
pile, would seem to be formed by an affimty 
sufficiently strong to indicate that the elements 
were so far contrasted in their nature as to 
sanction the expectation that the pile would 
separate them, especially as in some Cases of 
mere solution (530, 544), where the affinity 
must by comparison be very weak, separatiem 
takes place.^ 

676. It must not be forgotten, however, that 
much of this difficulty, and perhaps the whok^ 
may depend upon the absence of oonduotibog 
power, which, preventing the tiansmissbn of 
the current, prevents of course the effects due 
to. it. AU Imown compounds being non-eem^ 
ductors when solid, but conductors when 
quid, are decomposed, with perhdpe the single 
exception at present known of periodide of mer- 
cury (679, 691);* and even water itself, whidbt 
so easUy yields up its dements when the oui^t 
rent passes, ^ if. rendered quite pure, scatedy < 
suffers chac^, because it then hecomm a r&ey 
bad conductor. 

677. If it sbe^d hereafter be proved that the 
want of deoqmpodtion in those cases wh<^ 
frcHn chemical considerations, it mi^t be 
strongly expected (669, 672, 674), is due tatlk ; 
absence or deflciency of conducting pow^^ k 
w0uld ojiBo at the same time be proved that 
composition depmda upon conduction, and dot 
the latter^upon the fomm 

* With regard to solution, I have met edidO;' 
reasons for supposing that it will probahly disappaap 
as a cause of tranaferecce, and intend, rpeumigg tlw 
oonsideratiaa at a oonvenient oppmuaity.' ' 

• See imw, 1340, 1341.-2>se. 1838. 



m VMABAY BmimYn 


^ mim he yery nearly decided. On the 
other hand, the concinfflon is almost iiresisir 
ible that hi electrolytes the power of transmit^ 
ting the dbctricity across the substance is de- 
pendent upon thdr capability of suffering de- 
composition; taking place only whilst they are 
decc^posing, and being proportionate to the 
quantity of elements separated (821). I may 
noti however, stop to discuss this point exper- 
imentally at present. 

678. '^en a compound contains such ele- 
ments as are known to pass towards the oppo- 
site extremities of the voltaic pile, still the pro- 
portions in which they are present appear to be 
intimately connected with capability in the 
compound of suffering or resisting decomposi- 
tion. Thus, the protochloride of tin readily con- 
ducts, and is decomposed (402), but the per- 
chloride neither conducts nor is decomposed 
(406). The protiodide of tin is decomposed when 
fluid (402) ; the periodide is not (405). The pei> 
iodide of mercury when fused is not decom- 
posed (691), even though it does conduct. I was 
unable to contrast it with the protiodide, the 
latter bring converted into mercury and perio- 
dide by heat. 

679. These important differences induced me 
to look more closely to certain binary com- 
pounds, with a view of ascertaining whether a 
law regulating the decomposability according to 
some relation of ike proportionals or equivokrds 
of the elements, could be discovered. The proto 
compounds only, amongst those just referred 
to, were decomposable; and on referring to the 
substances quoted to Illustrate the force and 
generality of the law of conduction and decom- 
position which I discovered (402), it will be 
found that all the oxides, chlorides, and iodides 
subject to it, except the chloride of antimony 
end the p^odide of mercury (to which may 
now perhaps be added corrosive sublimate), 
are also decomposable, whilst many per com- 
pounds of the same elements, not subject to 
(he tew, were not so (405, 406). 

^ 680. ibe substances which appeared to form 
the strongest exceptions to this general result 
were surii bodies as the sulphuric, phosphoric, 
idtric, arsenic, and other acids. 

681. On experim^ting with sulphuric arid, 
X found ho reaam to believe that it was by itr 
self a conductor of, or decomposable by, rieo- 
tricity, rithoui^ I had previously been of that 
opit^n (552). When very strong it is a much 
^wme oon^ than if diluted. ^If then sub- 
to the action of a powerful battery, oxy* 


gen appeam at the aneds, or poritive riectrode, 
although much is absorbed (728), and hydro- 
gen and sulphur appear at the cathodef or neg- 
ative electrode. Now the hydrogen has with me 
always been pure, not sulphuretted, and has 
been deficient in proportion to the sulphur pres- 
ent, so that it is evident that when decomposi- 
tion occurred water must have been decom- 
posed. I endeavoured to make the experiment 
with anhydrous sulphuric acid ; and it appeared 
to me that, when fused, such acid was not a 
conductor, nor decomposed; but I had not 
enough pf the dry acid in my possession to al- 
low me to decide the point satisfactorily. My 
belief is, that when sulphur appeari during the 
action of the pile on sulphuric acid, it is the re- 
sult of a secondary action, and that the acid 
itself is not electrolyzable (757). \ 

682. Phosphoric acid is, I believe, i|^lso in the 
same condition; but I have found it impossible 
to decide the point, because of the difficulty of 
operating on fused anhydrous phosphoric acid. 
Phosphoric acid which has once obtained wa- 
ter cannot be deprived of it by heat alone. 
When heated, the hydrated acid volatilizes. 
Upon subjecting phosphoric acid, fused upon 
the ring end of a wire (401), to the action of the 
voltaic apparatus, it conducted, and was de- 
composed; but gas, which I believe to be hy- 
drogen, was always evolved at the negative 
electrode, and the wire was not affected as 
would have happened had phosphorus been sep- 
arated. Gas was also evolved at the positive 
electrode. From all the facts, I conclude it was 
the water and not the acid which was decom- 
posed. 

683. Arsenic add. This substance conducted, 
and was decomposed; but it contained water, 
and I was unable at the time to press the in- 
vestigation so as to ascertain whether a fusible 
anhydrous arsenic acid could be obtained. It 
forms, therefore, at present no exception to the 
general result.. 

684. Nitrous acid, obtained by distilling ni- 
trate of lead, and keeping it in contact with 
strong sulphuric acid, was found to conduct 
and decompose slowly. But on examination 
there were strong reasons for believing that wa- 
ter was present, and that the decomposition 
and conduction depended upon it. I endeav- 
oured to prepare a perfectly anhydrous por- 
tion, but could not spare tiie time required to 
procure an unexceptionable result. 

685. Nitric acid is a substance which I 
lieve is not decomposed directly by the riectrie 
ourmt. As I Vrant the facts in fflustration of 



im. 1884 ELECTRic3rry m 


the distmctioQ existing between primary and 
secondary decomposition, I will merely refer to 
them in this place (752). 

686. That these mineral adds should confer 
facility of conduction and decomposition on 
water, is no proof that they are competent to 
favour and suffer these actions in themselves. 
Boracic acid does the same thing, though not 
decomposable. M. de la Rive has pointed out 
that cUorine has this power also; but being to 
us an elementary substance, it cannot be due 
to its capability of suffering decomposition. 

687. Chloride of sulphur does not conduct, nor 
is it decomposed. It consists of single propor- 
tionals of its elements, but is not on that ac- 
count an exception to the rule (679), which 
does not affirm that all compounds of single 
proportionals of elements are decomposable, 
but that such as are decomposable are so con- 
stituted. 

688. Protochloride of phosphorus does not con- 
duct nor become decomposed. 

689. Protochloride of carbon does not conduct 
nor suffer decomposition. In association liidth 
this substance, I submitted the hydro-chloride 
of carbon from olefiant gas and chlorine to the 
action of the electric current; but it also refused 
to conduct or yield up its elements. 

690. With regard to the exceptions (679), up- 
on closer examination some of them disappear. 
Chloride of antimony (a compound of one pro- 
portional of antimony and one and a half of 
chlorine) of recent preparation was put into a 
tube (PI. VI, Fig. IS) (789), and submitted 
when fused to the action of the current, the 
positive electrode being of plumbago. No elec- 
tricity passed, and no appearance of decompo- 
sition was visible at first; but when the posi- 
tive and negative electrodes were brought very 
near each other in the chloride, then a feeble 
action occurred and a feeble current passed. 
The effect altogether was so small (although 
quite amenable to the law before given [394]), 
and so unlike the decomposition and conduc- 
tion occurring in all the other cases, that I at- 
tribute it to the presence of a minute quantity 
of water (for which this and many other chlor- 
ides have strong attractions, producing hy- 
drated chlorides), or perhaps of a true proto- 
diloride consisting of ringle proportionals (695, 
796). 

691. P&riodide of imrciay being examined in 
the same manner, was found most distinctly to 
insulate whibt solid, but conduct when fluids 
accor*^ to l^ielaw of Kg«W(H»nduc<<(m (402) ; 
but there was no appwance of deoomporition. 


No iodine appeared at the anode, nor injury 
or other sutetance at the cathode. The case is, 
therefore, no exception to the rule, that only 
compounds of single prc^rtionals are decom- 
posable; but it is an exception, and I think the 
only one, to the statement, that all hoddm sub- 
ject to the law of liquido-oonduction are der 
composable. I incline, however, to believe that 
a portion of protiodide of mercury is retained 
dissolved in the periodide, and that to its slow 
decomposition the feeble conducting power is 
due. Periodide would be formed, as a seooxKi- 
ary result, at the anode; and the mercury at 
the cathode would also form, as a secondary re^ 
suit, protiodide. Both these bodies would min- 
gle with the fluid mass, and thus no final sepa- 
ration appear, notwithstanding the continued 
decomposition. 

692. When perchhride of mercury was sub- 
jected to the voltaic current, it did not conduct 
in the solid state, but it did conduct when fluid. 
I think, also, that in the latter case it was de- 
composed; but there are many interfering ckr 
cumstances which require examination before 
a positive conclusion can be drawn.^ 

693. When the ordinary protoxide of anti- 
mony is subjected to the voltaic current in a 
fused state, it also is decomposed, although the 
effect from other causes soon ceases (402, 801); 
This oxide consists of one proportional of anti- 
mony and one and a half of oxygen, and is 
therefore an exception to the general law as- 
sumed. But in working with this oxide and the 
chloride, I observed facts which lead me to 
doubt whether the compounds usually called 
the protoxide and the protochloride do not 
often contain other compounds, consisting of 
single proportions, which are the true proto 
compounds, and which, in the case of tbe ox*’ 
ide, might give rise to the decomposition above 
described. 

694. The ordinary sulphuret of antimony is 
considered as being the compound with the 
smallest quantity of sulphur, and analogous in 
its proportions to the ordinary protoxide. But 
I fi^ that if it be f used with met^c antimody^ 
a new sulphuret is formed, containing mudi 
more of the metal than the former, and sepsk 
rating distincUy, when fused, both fmm/4|to 
pure metal on ^ one hand, and the 

gray stdphuret on the other. In sonmxoiti^^ 
periments, the metal thus taken up by onh 
diqary sulphuret of antimony was tdbisl^ 

tiie proportion of that previously in the sni^ 

-Dsc. l^K***^^ 
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MS* Wbeaoi this new sulphuiiBt was 
S]r ^3raim&? acid, althou^ a littiie antimony 
w^B/mktsd, yet it appear^ to me that a tme 
paotochloride, consisting of Hngk proportion- 
als, was formal and from that by alkalies, Iec., 
a true protoxide, consisting also of single pro- 
iKMrtionals, was obtainable. But 1 could not stop 
to asrcertain this matter strictly by analysis. 

M6. 1 believe, however, that there is such an 
oxide; that it is often present in variable pro- 
portions in what is commonly called protoxide, 
tlnnwing uncertainty upon the results of its 
analysis, and causing the electrol 3 rtic decom- 
position above deseribed.^ 

607. Upon the whole, it appears probable 
•.^that all those binary compounds of elementary 
bodies which are capable of being electrolysed 
tirh^ fluid, but not whilst sohd, according to 
the law of liquido-eonduction (394), consist of 
angle proportionals of their elementary pnn- 
etples: and it may be because of their depar- 
ture from this simplicity of composition, that 
boracic acid, ammonia, perchlorides, perio- 
dides, and many other direct compounds of 
elements, are indecomposable. 

6^ 'V^th regard to salts and combinations 
of compound bodies, the same simple relation 
does not appear to hold good. I could not de- 
dde this by bisulphates of the alludies, for as 
long as the second proportion of acid remained, 
water was retain^ witii it. The fused salts 
conducted, and were decomposed; but hydro- 
gen alwasns appeared at'the negative electrode. 

699^A biphosphate of soda was pr^ared by 
heatixig, and ultimately fusing, the ammoma- 
phoep^te of soda. In this case the fused bisalt 
connoted, and was decomposed; but a littiie 
gas< appealed at the negative dectrode; and 
though 1 believe the salt itself was dectrolyzed, 
£ mk not quite satisfied that wato was en- 
iMy absents 

7D0f Then a biborate of soda was pr^ared; 
tUs, I think, is an unobjectionable case. 
sa3^ whoi fused, conducted, and was de- 
Cdnposed, andgas appeared at botbetectrodes: 
even when the boradc add was increased to 
l|i^propdrtio]iid8, >the same effect took {dace. 
AifOL fienoe compound combhia- 

not setm te be subject to tise same 

to this and the three peo^dinkp^a- 
. .mphBp sad alao 801, see Berselius a oorrection of 
mnaSiSre of auppoaediiaw aulphuret and ozida 

Mag., 1838, vTvilL 476: and for fheprol>. 
spfca sonmuiatfott of tlie effeeto obtained with the 
pirotciiads, lefer to 1340, 1841.--DM. 1888. 


Mmple law as tim Icmner 
binatkms. Whetiierwe may find reason to cm^ 
aider than as mere solutions of tiie dimpoimd 
of tingle proportionals in the excess of acid, is 
a matter which, with some apparent excep- 
tions occuniDg amongst the sulphurets, must 
be left for decision by future examination. 

702. In any investigation of those points, 
great care must be taken to exclude water; for 
if present, secondary effects are so frequently 
produced as often seemingly to indicate an 
electro-decomposition of substances, when no 
true respl^of the kind has occurred (1142, Ac.). 

703. It IS evident that all the caset in which 
decomposition does not occur, may de^nd upon 
the want of conduction (677, 413); put that 
does not at all lessen the interest eiuitcd by 
seemg the great difference of effect due to a 
change, not in the nature of the elements, but 
merely in their proportions; especially in any 
attempt which may be made to elucidate and 
expound the beautiful theory put forth by Sir 
Humphry Davy,® and illustrated by Berzetius 
and other eminent philosophers, that ordinary 
chemical affinity is a mere result of the elec- 
trical attractions of the particles of matter. 

If V. On o New Measurer of Volta-ehctricUy 

704. I have already said, when engaged in 
reducing common and voltaic electricity to one 
standard of measurement (377) , and again when 
introducing my theory of electro-chemical de- 
composition (504, 505, 510), that the chemical 
decomposing action of a current is constant for 
a constant quantity of electricity, notwithstai^- 
ing the greatest variations in its sources, in its 
intentity, in the size of the dectrodes used, in 
the nature of the conductors (or non-conductors 
[307]) through which it is passed, or in other 
circumstances. The conclusive proofs of the 
truth of these statements shall be given almost 
immediately (783, dse.). 

705. 1 endeavoured upon this law to construct 
an instrument which (^ould measure out the 
tiectncity passing through it, and which, being 
interposed in the course of the current used in 
any particular e3qi€»riment, should serveat prfstiuEh 
ure, eitiieras a stmdardei 

or as a laeewufcr of thti subtile age^ 

706. Therein no substance better fitt^; un^ 
der ordinary circumstances, to be the indisfti;^ 
ing body in such an instrument than wate; for 
it is decomposed witii facibly^ when renderedk 
better con^etdr tibe addition of atida ns 

^^^PhUos^dcd^^nsaeUens, 1807, Pp« ^ 
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cftjtbliikied amdeoBectecl ^thoutany esAmvm^ 
meat' from seoond&ry actioiii, aad^ bebg. gaa^ 
eomf tiioy are in tiie best physical condition 
for separaticai and measurement. Water, there<> 
fore, acidulated by sulphuric acid, is the sub- 
stance I shall gently refer to, although it 
may become expedient in peculiar cases or 
forms of experiment to use other bodies (848). 

707. The first precaution needful in the con- 
struction of the instrument was to avoid the 
recombination of tixe evolved gases, an efiect 
wMch the positive electrode has been found so 
capable of producing (571). For this purpose 
various forms of decomposing apparatus were 
used. The first consisted of straight tubes, each 
containing a plate and wire of platina soldered 
together by gold, and fixed hermetically in the 
gl^ at the closed extremity of the tube (PL 
VI, Fig. 6). The tubes were about eight inch^ 
long, 0.7 of an inch in diameter, and graduated. 
The platina plates were about an inch long, as 
wide as the tubes would permit, and adjusted 
as near to the mouths of the tubes as was con- 
sistent with the safe collection of the gases 
evolved. In certain cases, where it was required 
to evolve the elements upon as small a surface 
as possible, the metallic extremity, instead of 
being a plate, consisted of the wire bent into 
the form of a ring (PL VI, Fig. 6). When these 
tubes were used as measurers, they were filled 
with the dilute sulphuric acid, inverted in a 
basin of the same liquid (PL VI, Fig. 7), and 
placed in an inclined position , with their mouths 
near to each other, that as little decomposing 
matter ^ould intervene as possible; and also, 
in such a direction that platina plates 
should be in vertical planes (720). 

{708. Another form of apparatus is that de- 
lineated (PL VI, Fig. 8). The tube is bent in 
tlie middle; one end is closed; in that end is 
Med a wire and plate, a, proceeding so f«ur 
AwniTarda, that, when in the position figured, 
be as near to the angle as possiUe, con- 
sistently with the odlection, at the clos^ ex- 
ti^ty 6f the tube, <A ail the gas evolved 
agfldmit it The plane of this plate is also per- 
pendicular (720). The other metallic tennW 
tibn, 6, is introduced at the time decomposi- 
tion is to be effeeted, b(^ brou^ as hear the 
angle as poatiUe^ without causing aiKy gas to 
pass from it towards the closed end of the in- 
The gas evoivedagimist it kallowed 
toHBacape; • ■ 

tItOlh thitd Isim ef ap^^ contalna 

teth inline the 


of the etectiicity, and^ 

consequent decomposition, is :far mote^f^ 
than in the sepmate tidbea. Theresultii^^is 
the sum of the portions evolved at the twh 
electrode8,>ahd the instrument is better adaih^ 
than eithiw of the farmer as a measurer of tibe 
quantity of voltaic electricity transmitted Ih 
ordinary cases. It consists of a staaight tihe 
(PL VI, Fig. 9), closed at the upper extreunty, 
and graduated, throu^di the sides of ;wlu^ 
pa^ platina wires (bdng fused into the glass), 
which are connect^ with two plates withkil 
The tube is fitted by grinding into one mouth 
of a double-necked bottle. If the latter he one»> 
half or two-thirds full of the dilute sulphmie 
add (706), it will, upon inclination the 
whole, fiow into the tube and fill it. When 
an electric current is passed through the in- 
strument, the gases evolved against the plates 
collect in the upper portion of the tube, and 
are not subject to the recombining power 
the platina. 

710. Another form of the instrument is given 
at PL VI, Fi^. 

711. A fifth form is delineated (PL VI, Fig^ 
11). This I have found exceedingly useful in 
experiments continued in succession for days 
together, and where large quantities of indicat- 
ing gas were to be collected. It is fixed on a 
weighted foot, and has the form of a smallrw- 
tort contdning the two electrodes: the neck is 
narrow, and sufficiently long to deliver gas is- 
suing from it into a jar plac^ In a smali pneu- 
matic trough. The electrode chamber, sesled 
hermetically at the part held in the stand, is 
five inches in length, and 0.6 of an indi in 

eter ; the neck ateut nine inches in length, and 
0.4 of an inch in diameter intema&y^ The %- 
ure will fully indicate the ccmstruolion. ‘ 

712. It can baldly be requimte to raooaik^ 

tiiat mthe arrangement of any of tiiese hmk 
of apparatus, th^, and the wires connecting 
them with the substance, which is collatemUy 
subjected to the action of the same elecmb 
current, should be so far insidated as to eneill^ 
a certainty tiiat all the dectridty which gmm 
throu^ tiie one shall' also be transn#ts4 
throu^ the other* ^ ' 

' ' ' ■ 

718. Next to the precaution of ooBedtiiig l^ 
gases, if mingled, out of contact with the pls^ 
inumi was the necessity of testing the law of a 
cfejinAs ^kdrolytic action, upon water At faem^ 
imderajB var^ds of cooffitimi; 
convicticst cd its 

tained a kimwiedge erf ihoseinter^^ 
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stcmbeB idiioh would require to be praotioally 
guarded agaiast. 

714. The first point investigated was the in^ 
fluenoe <sr indifference of extensive variations 
in the sue of the electrodes, for whidx purpose 
instruments like those last described (709, 710, 
711} were used. One of ihese had plates 0.7 of 
ah inch wide, and nearly four inches long; an- 
o&er had plates only 0.5 of an inch wide, and 
0.8 of an inch long; a third had wires 0.02 of an 
inch in diameter, and three inches long; and a 
fourth, similar wires only half an inch in length. 
Yet when these were filled with dilute sulphur- 
ic acid, and, being placed in succession, had one 
common current of electricity passed through 
them, very nearly the same quantity of gas was 
evolved in all. The difference was sometimes 
4n favour of one and sometimes on the side of 
another; but the general result was that the 
largest quantity of gases was evolved at the 
smallest electrodes, namely, those consisting 
merely of platina wires. 

7X5. Experiments of a similar kind were made 
with the single-plate, straight tubes (707), and 
also with the curved tubes (708), with similar 
consequences; and when these, with the for- 
mer tubes, were arranged together in various 
ways, tihe result, as to &e equality of action of 
large and small metallic surfaces when deliver- 
ing and receiving the same current of electric- 
ity, was constantly the same. As an illustra- 
tion, the following numbers are given. An in- 
strument with two wires evolved 74.3 volumes 
of mixed gases; another with plates 73.25 vol- 
umes; whilst the sum of the oxygen and hydro- 
ISsa in two separate tubes amounted to 73.65 
volumes. In another experiment the volumes 
w^ 55.3, 55.3, and 54.4. 

716. But it was observed in these experi- 
inents, that in single-plate tubes (707) more 
hydrogen was evolved at the negative electrode 
than was proportionate to the oxygen at the 
positive electrode; and. generally, also, more 
than was proportionate to the oxygen and hy- 
drogen in a double-plate tube. Upon more mir 
nutdy examining these effects, 1 was led to re- 
fer them, and also the differences between wires 
and plat^ (714), to the solubility of the gases 
evolved, eepedally at the positive elective. 

., :717* Wlm the positive and negative etec- 
tiocto are equal in surface, the bu&>les which 
lisa !rotn tii^ in dilute sulihuric acid are al- 
ways diSereat in character. Tl^ose from the 
pOl^ve plate arS exceedin^y small, and sep- 
from every part of the surface 
m ccmsequeime of 


liness (633); whilst in the liquid they give it a 
hasy appearance, from their number and mi- 
nuteness; are easily carried down by currents, 
and therefore not only present far greater sur- 
face of contact with the liquid than larger bub- 
bles would do, but are retained a much longer 
time in mixture with it. But the bubbles at the 
negative surface, though they constitute twice 
the volume of the gas at the positive electiode, 
are nevertheless very inferior in number. They 
do not rise so universally from every part of 
the surface, but seem to be evolved at different 
points; and though so much larger, they appear 
to cling to the metal, separating with difficulty 
from it, and when separated, instantiy rising 
to the top of the liquid. If, therefore! oxygen 
and hydrogen had equal solubility in, pr pow- 
ers of combining with, water under similar cir- 
cumstances, still under the present conditions 
the oxygen would be far the most liableHo so- 
lution; but when to these is added its well- 
known power of forming a compound with wa- 
ter, it is no longer surprising that such a com- 
pound should be produced in small quantities 
at the positive electrode ; and indeed the bleach- 
ing power which some philosophers have ob- 
served in a solution at this electrode, when 
chlorine and similar bodies have been carefully 
excluded, is probably due to the formation 
there, in this manner, of oxy-water. 

718. That more gas was collected from the 
wires than from the plates, I attribute to the 
circumstance, that as equal quantities were 
evolved in equal times, the bubbles at the wires 
having been more rapidly produced, in relation 
to any part of the surface, must have been much 
larger; have been therefore in contact with the 
fluid by a much smaller surface, and for a much 
shorter time than those at the plates; hence less 
solution and a greater amount collected. 

719. There was also another effect produce^ 
especially by the use of large electrodes, whi. m 
was both a consequence and a proof of the 
lution of part of the gas evolved there. The 
collected gas, when examined, was found to 
contain snmll portions of mtrogen. This I at- 
tribute to the presence of air dissolved in the 
acid used for decomposition. It is a well-known 
fact, that when bubbles of a gas but slightly 
soluble in wator or solutions pass through them, 
the portion of this gas which is dissolved dis- 
places a portion of tiiat previoutiy in union 
with the Uquid: and so, in the decompositions 
under consideration, as the oxygen dissolves, 
it displaces a part of the air, or at least of tiie 
nitrogen, previously united to the lusd; aaui 
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(his eff jDct takes plaae moUt esOemwdy witk 
lai^e plates, because the gas evolved at them 
is in the moirt favourable condition for station. 

720. With the intention of avoiding this sol- 
ubility of the gases as much as possible, 1 aiv 
ranged the decomposing plates in a vertical 
poation (707, 708), that the bubbles might 
quickly escape upwards, and that the down- 
ward currents in the fluid should not meet as- 
cending currents of gas. This precaution I found 
to assist greatly in producing constant results, 
and especially in experiments to be hereafter 
referred to, in which other liquids than dilute 
sulphuric acid, as for instance solution of pot- 
ash, were used. 

721. The irregularities in the indications of 
the measurer proposed, arising from the solu- 
bility just referred to, are but small, and may 
be very nearly corrected by comparing the re- 
sults of two or three experiments. They may 
also be almost entirely avoided by selecting 
that solution which is found to favour them in 
the least degree (728) ; and still further by col- 
lecting the hydrogen only, and using that as 
the indicating gas; for being much less soluble 
than oxygen, being evolved with twice the ra- 
pidity and in larger bubbles (717), it can be 
collected more perfectly and in greater purity. 

722. From the foregoing and many other ex- 
periments, it results that variation in the size of 
the electrons causes no variation in the chemical 
action of a given quantity of electricity upon water. 

723. The next point in regard to which the 
principle of constant electro-chemical action 
was tested, was vanation of intensity. In the 
first place, the preceding experiments were re- 
peat^, using batteries of an eqiud number of 
plates, strongly and weaJdy charged; but the re- 
sults were alike. They were then r^)eated, us- 
ing batteries sometimes containing forty, and 
at other times only five pairs of plates ; but the 
results were still the same. Variations ther^ore 
in the intensity^ caused by difference in the 
strength of ch^ge, or in the number of alter- 
nations usedt produced no difference as to the 
equal action of large and smaU electirodes. 

724. Still these results did not prove that 
variatioii in the intensity of the current was 
not acooxnpanied by a corresponding variation 
in the eleotro-dimLcal effects, since the actions 
at aU the surfaces mi^t have inoreased or di- 
nundshed, together. The deficiency in the evi- 
dence is, however,..comptetdy supplied by the 
fbnn^ experiments on differmtHrised dec- 
trodes; for with variation in the sise of these, e 


variatiim p ihedotenslty ntmst have oocumd. 
The intensity oi an deotric current traversing 
conductors alike in thdr nature, quality; W 
length, is probably as the quantity of dectr&h 
ity passing through a given sectional area per- 
pendicular to the current, divided by the tune 
(360, note); and therefore when plains 
were contrasted with wires separate by m 
equal length of the same decomposing conduc- 
tor (714), whilst one current of electricity pass- 
ed through both arrangements, that deetrieiiy 
must have been in a very different state, as to 
tension^ between the plates and between the 
wires; yet the chemical results were the same. 

725- The difference in intensity, under the 
circumstances described, may be easily shown 
practically, by arranging two decomposing ap- 
paratus as in PL VI, Fig. IIS where the same 
fiuid is subjected to the decomporing power of 
the same current of electricity, passing in the 
vessd A between large piatina plates, and in 
the vessel B between small wires. If a third de- 
composing apparatus, such as that delineated 
PL VI, Fig. 11 (711), be connected with the 
wires at a 5, PL VI, Fig. 12^ it will serve suflSr 
ciently well, by the degree of decomposition 
occurring in it, to indicate the relative state 
of the two plates as to intensity; and if it then 
be applied in the same way, as a test of the 
state of the wires at a' it will, by the in- 
crease of decomposition within, show how 
much greater the intensity is there than sA 
the former points. The connexions of P and N 
with the voltaic battery are of course to be 
continued during the whole time. 

726. A third form of experiment, in which dif- 
fer^ce of intensity was obtained, for the pu]> 
pose of testing the principle of equal chemical 
action, was to arrange three volta-dectrom- 
eters, so that after ^e electric current had 
pass^ through one, it should divide into two 
parts, each of wMeh should traverse one of the 
remaining instruments,, and should then re- 
unite. The sum of the decomposition in the two 
latter vessels was always equal to the decxsqsfH 
position in the former vessel. But the Menmitf 
of the divided current could not be the 

that it had in its original state; and iherakm 
variation of intensHy has no influence Unit 
sultsiftheqmnti^ of ekdtricity remain tfte sMa. 
The experiment, in fact, resolves 
into an increase in the sine of tha dentsom 
(725). , 

727. The tkirdpcmt, in respect to 
principle ai equal electro^dieiddd aoifaniiBa 
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in atdet io rendei^ the water ia 
leenduetot^milphuric acidimd been added t6 it 
and^it did not se^ unlikely that tibiie 
eubetsoioe^ with many others, might render the 
waster more subject to decomposition, the elee- 
reixkm^ the same in quantity. But 
wch did not prove to be the case. Dilut^ sul- 
phuric acid, of different strengths, was intros 
'duced into different decomposing apparatus, 
and submitted simultaneously to the actiond! 
the same electric current (714). Slight differ- 
ences occurred, as before, sometimes in one di- 
rection, sometimes in another; but the final re- 
sult was, that exactly the same quantity water 
mta decomposed in aU the sohdions by the same 
fwmtUy qf dectricity^ though the sulphuric acid 
TOsome was seventy-fold what it was in others. 
/Xhe strengths used were of specific gravity 
1;495, and downwards. 

' 728. When an acid having a specific gravity 
of about 1.336 was employ^, the results were 
most uniform, and the oxygen and hydrogen 
<716) most constantly in the right proportion 
to each other. Such an acid gave more gas than 
one much weak^ acted upon by the same cur- 
rent, apparentiy because it had less solvent 
pow^. If the add were very strong, then a re- 
markable disappearance of oxygen took place; 
thus; one made by mixing two measures of 
strong oil of vitriol with one of water, gave for- 
ty-two volumes of hydrogen, but only twelve 
cXioxygen. The hydrogen was very nearly the 
tame with that evolv^ from add of the spe- 
cific gravity 1*232. 1 have not yet had time to 
4txamine mihotdy the, circumstahoes attending 
tim dmj^earabce of the oxygen in this case, 
tmt imagine it is due to the formation of oxy- 
Water,’ which Th4nard has shown is favoured 
l^(^e presence of acid. 

^ Altibough not necessary for the praeti- 
bfiX use of the instrum^t I am describing; yet 
as connected with the important point of con- 
jriaiii*.etoctro^chemical action upon water, I 
ffm. imreBtigated %he effects pr^uced by an 
efeirtric eurrent passing through aqueous sdlur 
tioBS of adds, stdis, and compounds, exceed- 
lo^y iM emit eadi other in their nature, 

foufid them td^J^doatomshmgly imiform 
fdNis. But many of them which are connect 
od ^with ia ssdoiidaigf^ adlcm will be more use- 
:I^S|y described heritor (778). 

1^;! When soltttiona of caustic potassa or 
|dp':mr;sdphate of or suIphdSe of 

up0ft%'t{^^deetric cmteni^ 


just as much oxygen and hydrogen 'was evol%^ 
from them as the diluted sulphuric acid, 
with which they were compared. When a;td- 
lution of ammonia, rendered a better conduct- 
or by sulphate of ammonia (554), or a solutSon 
of subcarbonate of potassa was experimented 
with, the hydroqen evolved was in the same 
quantity as that set free from the diluted sul- 
phuric acid with which they were compared. 
Hence changes in the nature of the Solution do 
not alter the constancy of electrolytic action upon 
water. 

731. I have already said, respecfing large 
and small electrodes, that changelof order 
caused no change in the general eff^t (715). 
The same was the case with different elutions, 
or with different intensities; and hoTOver the 
circumstances of an experiment' might be va- 
ried, the results came forth exceedinglyponsist- 
ent, and proved that the electro-chemical ac- 
tion was still the same. 

732. 1 consider the foregoing investigation as 
sufficient to prove the very extraordinary and 
important principle with respect to watuk, 
th^ when subjected to the influence of the electric 
current^ a quantity of it is decomposed exactly 
proportionate to the quantity of el^ricUy which 
has passed, notwithstanding the thousand vari- 
ations in the conditions and circumstances un- 
der which it may at the time be placed; and 
further, that when the interference of certain 
secondary effects (742, &c.), together with the 
solution or recombination of the gas and the 
evolution of air, are guarded against, the prod- 
ucts of the decomposition may he collected with 
such accuracy, as to afford a very excellent and 
valuable measvrer of the electricity concerned in 
their evolution. 

733. The forms of instrument which I have 

given, PI. VI, Figs. 9, 10, 11 (709, 710, 711), 
are probaUy those which will be found most 
useful, as they indicate the quantity of dec- 
tricity by the largest volume of gases, and cause 
the least obstruction to the passage of the cur- 
rmt The fluid 'ef^hich by present experience 
leads me to prefer is a solution of sidphuric 
acid of specific gravity kbout 1.336, or from that 
to 1.25; butitisveiy essential that there diould 
beno organic norany v^Ctabie acid, 

nor otiier body, whidi, by bebg Uable to the 
action of &e Okygefi or hydrogen evolved it 
the etectrojdea (773i dbo.), ' shall diminish thdr 
quantity, b Other ^gases ta^^^ 

734. In mimy cimes when the 

used as n cdmpdrdtive edMe^^ Ircbi il 4 
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nmsvmf itma^y be desmble to edOeet the hy^ 
dro^ only, as being Iw liable to absorptios 
or disapp^ance in other ways than the oxy« 
gen; whibt at the same time its volume is so 
large, as to render it a good and sensible indi- 
cator. In such cases the first and second form 
of apparatus have been used, PL VI, Figs. 7, 8 
(707, 708). The indications obtained were very 
constant, the variations being much smaller 
than in those forms of apparatus collecting 
both gases;and they can also be procured when 
solutions are used in comparative experiments, 
which, yielding no oxygen or only secondary 
results of its action, can give no indications if 
the educts at both electrodes be collected. Such 
is the cose when solutions of ammonia, muri- 
atic acid, chlorides, iodides, acetates or other 
vegetable salts, &c., are employed. 

735. In a few cases, as where solutions of me- 
tallic salts liable to reduction at the negative 
electrode are acted upon, the oxygen may be 
advantageously used as the measuring sub- 
stance. This is the case, for instance, with sul- 
phate of copper. 

736. There are therefore two general forms 
of the instrument which I submit as a measur- 
er of electricity; one, in which both the gases of 
the water decomposed are collected (709, 710, 
711); and the other, in which a single gas, as 
the hydrogen only, is used (707, 708) . When re- 
ferred to as a comparative imtrumentf (a use I 
shall now make of it very extensively), it will 
not often require partici^r precaution in the 
observation ; but when used as an ahsolvJte meas- 
urer, it will be needful that the barometric 
pressure and the temperature be taken into ac- 
count, and that the graduation of the instru- 
ments should be to one scale; the hundredths 
and smaller divisions of a cubical inch are quite 
fit for this purpose, and the hundredth may be 
very conveniently taken as indicating a db- 
OBBB of electricity. 

737. It can scarcely be needful to point out 
further than has been done how this instru- 
ment is to be used. It is to be introduced into 
the course of the electric current, the action of 
which is to be exerted anywhere else, and if 60® 
or 70® of electricity are to be measured out, 
either in one or several portions, the cxirrent, 
whether strong or weak, is to be contmued un- 
til the gas in &e tube occupies that number of 
divisions or hundredths of a cubical inch. Or if 
a quantity competent to produce a certaiu ef- 
fect is to be measumd, th^e effect is to be ob- 
tainetij^ Md then the indication read off. In ex* 
act^^^sadm^ it ia neeessary to ^rreet the 


volmne of gas for diangea in temperature and 
pressure, and especially for moisture.^ For the 
latter object the volta-electrometer (PL VI, 
Fig. 11) is most accurate, as its gas can be 
measured over water, whilst the others retain 
it over acid or saline solutions. 

738. 1 have not hesitated to apply the tenn 
degree (736), in analogy with the use made of it 
with respect to another most important impon- 
derable agent, namely, heat; and as the defi- 
nite expansion of air, water, mercury, &C., is 
there made use of to measure heat, so the equal- 
ly definite evolution of gases is here tum^ to 
a similar use for electricity. 

739. The instrument offers the only actual 
measurer of voltaic electricity which we at pres- 
ent possess. For without being at all affected 
by variations in time or mtensity, or altera- 
tions in the current itself, of any kind, or from 
any cause, or even of intermissions of action, 
it takes note with accuracy of the quantity of 
electricity which has passed through it, and re- 
veals that quantity by inspection ; I have there- 
fore named it a volta-electhombter. 

740. Another mode of measuring volta-elec- 
tricity may be adopted with advantage in 
many cases, dependent on the quantities of 
metals or other substances evolved either as 
primary or as secondary results; but I refrain 
fi’om enlarging on this use of the products, un- 
til the principles on which their constancy de- 
pends have been fully established (791, 843). 

741. By the aid of this instrument I have 
been able to establish the definite character of 
electro-chemical actioninitsmost general sense; 
and I am persuaded it will become of the ut- 
most use in the extensions of the science which 
these views afford. I do not pretend to have 
made its detail perfect, but to have demon- 
strated the truth of the principle, and the util- 
ity of the application.^ 


^ vi. On the Primary or Secondary Character 
of the Bodies Evolved aX the Electrodes 

742. Before the voUordectroimter could be 
mployed in detennining, as a general laWj the 
constancy of electro-decomposition, it beeame 
necessary to exanune a distinction, already cmr 
ognised among scientific men, relative to 


1 For a aimple table of correction for moiatore; 1 
may take the liberty of referring to my Chemical 
edition of 1830, p. 376. . - ? 

* Ab early ae the year 1811, Mem. Gay^IieMidi 
and I%4nard emi^yed chemical decounpoimen aa'a 
measure of the electricity of the voltaic pilr. See 

PkyHtfthchumigues, p. 12. Thepnnolplea and 
preoadmdhs by which it becomes an eotaot naeasuxe 
were of aamne not then knGfwa.— i)ae. 1S3& 
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products of that action, namely, their primcuy 
secondary character; and, if possible, by 
some general rule or principle, to decide when 
they were of the one or the other kind. It will 
appear hereafter that great mistakes respect- 
ing electro-chemical action and its consequences 
have arisen from confounding these two classes 
of results together. 

743. When a substance under decomposition 
yields at the electrodes those bodies uncom- 
bined and unaltered which the electric current 
has separated, then they may be considered as 
primary results, even though themselves com- 
pounds. Thus the oxygen and hydrogen from 
water are primary results; and so also are the 
acid and alkali (themselves compound bodies) 
evolved from sulphate of soda. But when the 
substances separated by the current are changed 
at the electrodes before their appearance, then 
they give rise to secondary results, although in 
many cases the bodies evolved are elementary. 

744. These secondary results occur in two 
ways, being sometimes due to the mutual ac- 
tion of the evolved substance and the matter 
of the electrode, and sometimes to its action 
upon the substances contained in the body itr 
self under decomposition. Thus, when carbon 
is made the positive electrode in dilute sul- 
phuric acid, carbonic oxide and carbonic acid 
occasionally appear there instead of oxygen; 
for the latter, acting upon the matter of the 
electrode, produces these secondary results. Or 
if the positive electrode, in a solution of nitrate 
or acetate of lead, be platina, then peroxide 
of lead appears there, eoually a secondary re- 
sult with the former, but now depending upon 
an action of the oxygen on a substance in the 
solution. Again, when ammonia is decomposed 
by platina electrodes, nitrogen appears at the 

but though an elmentary body, it is a 
secondary result in this case, being derived 
from the chemical action of the oxygen electri- 
cally evolved there, upon the ammonia in the 
surrounding solution (554). In the same man- 
ner when aqueous solutions of metallic salts 
are decomposed by the current, the metals 
evolved at the c&thode^ though dements, are 
^ways secondary results, and not imme^ate 
consequences of the decomposing power of 
the electric current. 

745. Many of these secondary results are ex- 
tr^ely valuable; for instance, all the interest- 

compounds which M. Becquerel has ob- 
tatod by feeble electric currents are of this na- 
but they are essentially chemicali and 

1 de Chindsi 1804, Vd. LI, p. 187. 


must, in the theory of dectrolytic action, be 
carefully distinguished from those which are 
directly due to the action of thedectric currwit. 

746. The nature of the substances evolved 
will often lead to a correct judgement of their 
primary or secondary character, but is not suf- 
ficient alone to establish that point. Thus, ni- 
trogen is said to be attracted sometimes by the 
positive and sometimes by the negative elec- 
trode, according to the bodies with which it 
may be combined (554, 555), and it is on such 
occasions evidently viewed as a primary re- 
sult;^ but I think I shall show, that, when it 
appears Yif ‘the positive electrode, orjrather at 
the anode, it is a secondary result (74^). Thus, 
also. Sir Humphry Davy® and withmim the 
great body of chemical philosophers (including 
myself), have given the appearance on copper, 
lead, tin, silver, gold, &c., at the negative elec- 
trode, when their aqueous solutions were acted 
upon by the voltaic current, as proofs that the 
metals, as a class, were attracted to that sur- 
face; thus assuming the metal, in each case, to 
be a primary result. These, however, I expect 
to prove, are all secondary results; the mere 
consequence of chemical action, and no proofs 
either of the attraction or of the law announced 
respecting their places.^ 

747. But when we take to oui* assistance the 
law of constant electro-chemical action already 
proved with regard to water (732), and which 
I hope to extend satisfactorily to all bodies 
(821), and consider the quantities as well as the 
nature of the substances set free, a generally 
accurate judgement of the primary or second- 
ary character of the results may be formed: 
and this important point, so essential to the 
theory of electrolyzation, since it decides what 
are the particles directly under the influence of 
the current, (distinguishing them from such as 
are not affected), and what are the results to 
be expected, may be established with such de- 
gree of certainty as to remove innumerable 
ambiguities and doubtful considerations from 
this branch of the science. 

748. Let us apply these principles to the case 
of ammonia, and the supposed determination 
of nitrogen to one or the other electrode (554, 

s ilnnoZes de Chimie, 1804, Vol. LI, p. 172. 

• Elemenis of Chemical Philosophy^ pp. 144, 161. 

* It is relnarkable that up to 1804 it was the re- 
ceived opinion that the metals were reduced by the 
nascent hydrogen. At that date the general opinion 
was reversed Hisinger and Berzelius (Annmes de 
Chimie, 1804, VoL LI, p. 174), who stated that the 
metals were evolved directly by the electricity: in 
which opinion it appears, from that time, Davy co- 
incided {PhUosophieal Transaetiortit 1826, p. 388.) 
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655). A pure strong solution of ammonia is as 
bad a conductor, and therefore as litUe liable 
to electrolyzation, as pure water; but when sul- 
phate of ammonia is dissolved in it, the whole 
becomes a conductor; nitrogen almost and oc- 
casionally quite pure is evolved at the anode, 
and hydrogen at the catIuMk ) the ratio of the 
volume of the former to that of the latter vary- 
ing, but being as 1 to about 3 or 4. This result 
would seem at first to imply that the electric 
current had decomposed ammonia, and that 
the nitrogen had been determined towards the 
positive electrode. But when the electricity 
used was measured out by the volta-electrom- 
eter (707, 736), it was found that the hydrogen 
obtained was exactly in the proportion which 
would have been supplied by decomposed wa- 
ter, whilst the nitrogen had no certain or con- 
stant relation whatever. When, upon multi- 
plying experiments, it was found that, by us- 
ing a stronger or weaker solution, or a more or 
less powerful battery, the gas evolved at the 
anode was a mixture of oxygen and nitrogen, 
varying both in proportion and absolute quan- 
tity, whilst the hydrogen at the cathode re- 
mained constant, no doubt could be entertain- 
ed that the nitrogen at the arwde was a second- 
ary result, depentog upon the chemical action 
of the nascent oxygen, determined to that sur- 
face by the electric current, upon the ammonia 
in solution. It was the water, therefore, which 
was electrolyzed, not the ammonia. iSirther, 
the experiment gives no real indication of the 
tendency of the element nitrogen to either one 
electrode or the other; nor do I know of any 
experiment with nitric acid, or other compounds 
of nitrogen, which shows the tendency of this 
element, under the influence of the electric cur- 
rent, to pass in either direction along its course. 

749. As another illustration of secondary re- 
sults, the effects on a solution of acetate of po- 
tassa may be quoted. When a very strong 
solution was us^, more gas was evolved at 
the anode than at the cathode^ in the propoi^ 
tion of 4 to 3 nearly: that from the anode 
was a mixture of carbonic oxide and carbonic 
acid; that from the cathode pure hydrogen. 
When a much weaker solution was used, less 
gas was evolved at the anode than at the ecdhode ; 
and it now contained earburetted hydri>g6n, as 
well as carbonic oxide and carbonic acid. Ihis 
result of earburetted hydrogm at the positive 
^eotrode has a very anomalous appearance, 
if considered as an immediate consequence of 
tlie decomposing power of the current. It, how- 
ev^, as w^ as the carbonic made and a^, is 


only a secondary rmdt \ for it is the water alone 
which suffers electro-decomposition, and it is 
the oxygen eliminated at the anode whidi, re- 
acting on the acetic acid, in the midst of 
which it is evolved, produces those substances 
that finally appear there. This is fully proved 
by experiments with the volta-electrometer 
(707); for then the hydrogen evolved from the 
acetate at the cathode is always found to be 
definite, being exactly proportionate to the 
electricity which has passed through the solu- 
tion, and, in quantity, the same as the hydro- 
gen evolved in the volta-electrometer itself. 
The appearance of the carbon in combination 
with the hydrogen at the positive electrode, 
and its non-appearance at the negative elec- 
trode, are in curious contrast with the results 
which might have been expected from the law 
usually accepted respecting the final places of 
the elements. 

750. If the salt in solution be an acetate of 
lead, then the results at both electrodes are 
secondary, and cannot be used to estimate or 
express the amount of electro-chemical action, 
except by a circuitous process (843). In place 
of oxygen or even the gases already described 
(749), peroxide of lead now appears at the pos- 
itive, and lead itself at the negative electrode. 
When other metallic solutions are used, con- 
taining, for instance, peroxides, as that of Cop- 
per, combined with tfiis or any other decom- 
posable acid, still more complicated results will 
be obtained; which, viewed as direct results of 
the electro-chemical action, will, in their pro- 
portions, present nothing but confusion, but 
will appear perfectly harmonious and simple if 
they be considered as secondary results, and 
will accord in their proportions with the oxy- 
gen and hydrogen evolved from water by the 
action of a definite quantity of electricity. 

751. 1 have experimented upon many b^ies, 
with a view to determine whether the results 
were primary or secondary. I have been sur- 
prised to find how many of them, in ordinary 
cases, are of the latter class, and how frequent- 
ly water is the only body electrolyzed in in- 
stances where other substances have been su|>‘ 
posed to give way. Some of these results I will 
give in as few words as possible. 

752. Ntirk add. When very strong, it cCmr 
ducted well, and yielded oxygen at the posittye 
electrode. No gas appear^ at the negative 
electrode; but nitrous add, and ai^rc9:itiy 
trie oxide, were formed itere, which, dig^lv- 
ing, rendered the acid y^ow or red, and at last 
even effervescent, from the spimtaiieouz sepik' 
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of sitrle o^de* Upon d&utmg the acid 
with its bulk Or more of water, gas appeared at 
the nega^VO electrode. Its quantity could be 
varied by variations, dther in the strength of 
the acid or of the voltaic current: fc»* that acid 
from which no gas separated at the caihode^ 
with a weak voltaic battery, did evolve gas 
there with a stronger; and that battery which 
evolved no gas there with a strong acid, did 
cause its evolution with an acid more dilute. 
The gas at the anode was always oxygen; that 
at the cathode hydrogen. When the quantity of 
l^roducts was examined by the volta-electrom* 
eto* (707), the oxygen, whether from strong or 
weak acid, proved to be in the same proportion 
as from water. When the acid was diluted to 
specific gravity 1.24, or less, the hydrogen also 
proved to be the same in quantity as from wa- 
ter. Hence I conclude that the nitric acid does 
not undergo electrolyzation, but the water on- 
ly; that the oxygen at the anode is always a 
primary result, but that the products at the 
cathode are often secondary, and due to the re- 
action of the hydrogen upon the nitric acid. 

753. Nitre. A solution of this salt yields very 
variable results, according as one or other form 
of tubiB is used, or as the electrodes are large or 
small. Sometimes the whole of the hydrogen of 
the water decomposed may be obtained at the 
negative electrode; at other times, only a part 
ot it, because of the ready formation of second^ 
ajy results. The solution is a very excellent 
conductor of electricity. 

754. Nitrate of ammonia, in aqueous solu- 
tkm, gives rise to second^ results very varied 
and uncertain in their proportions. 

755. S^dphurotis add. Pure liquid sulphurous 
acid does not conduct nor suffer decomposition 
by the voltaic current,^ but, when dissolved in 
wato, the solution acquires conducting power, 
and is decomposed, yielding oxygen at the an- 
ede, and hyctogen and sulphur at the cathode. 

756* A i^ution containing sulphuric acid in 
addition to the sulphurous add, was a better 
cemduetor. It gave very little gas at either deo^ 
trode: that at the anode was oxygen, that at 
the eoBuido ptuce hydrogen. From the cathode 
idso rose a white turbid stream, consisting of 
diffused sulphiti^whidhsoon rendered thewhole 
aehitbn milfcy. The yohiines cA g^ were in 
im regular proportion to the quantities evolved 
, Izdm. water in the voltameter. 1 conclude that 
4h&Bulphurous add was not at all affected 


the dectric cuitent in any of iheae cases, and 
that the water present was the only body e^ 
tro-chemieally decomposed; that, at the anode, 
the oxygen from the water converted the sul- 
phurous acid into sulphuric add, and, at the 
cathode, the hydrogen electrically evolved de- 
composed the sulphurous acid, combining with 
its oxygen, and setting its sulphur free. I con- 
clude that the sulphur at the negative electrode 
Was only a secondary result; and, in fact, no 
part of it was found combined with the small 
portion of hydrogen which escaped when weak 
solutions of sulphurous add were usM. 

757. Sulphuric acid. I have already mven my 
reasons for concluding that sulphurlb acid is 
not electrolyzable, i.e., not decompoWble di- 
rectly by the electric current, but occMionaUy 
suffering by a secondary action at ih^catkode 
from the hydrogen evolved there (681)\ln the 
year 1800, Davy considered the sulphur from 
sulphuric acid as the result of the action of the 
nascent hydrogen.^ In 1804, Hisinger and Ber- 
zelius stated that it was the direct result of the 
action of the voltaic pile,* an opinion which from 
that time Davy seems to have adopted, and 
which has since been commonly receivirf by 
all. The change of my own opinion requires 
that I should correct what I have already said 
of the decomposition of sulphuric acid in a 
former series of these Researches (552); I do 
not now think that the appearance of the sul- 
phur at the negative electrode is an immediate 
consequence of electrolytic action. 

758. Muriatic acid. A strong solution gave 
hydrogen at the negative deotrode, and chlo- 
rine only at the positive eiectrode;of the latter, 
a part acted on the platina and a part was dis- 
solved. A minute bubble of gas remained; it 
was not oxygen, but probably air previously 
held in solution. 

756. It was an important matter to deter- 
mine whether the chlorine was a primary re- 
sult, or only a seeemdary product, due to the 
action of the oxygen evolv^ from water at the 
anode upon the muriatic acid; i.e., vriiether the 
muriatic acid was electrolyzable, and if eo, 
whether the decomposition was definite* 

760. The muriario acid was gradually dSut- 
ed. One part with rix of water gave on|y chlo- 
rine at the onode. One part with eight of wat«r 
gave only chlorine; with nine of water, a little 
oxygen appeared with tire (ddorine: but the oo- 
cturenoe or non-oceurrence of oxygen at these 



» also l>e la Hire, BibUothigue Univereelle, Vol. 
t. 206; or Quarterly Journal of Sdenco, Vd. 
3, p. 407. 


s Niehdlson's. Qyartedy Jaumalt Vd. IV, np« 280« 
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strengtihd dei^nded, m part, on the strength of 
the voltaic battery used. With fifteen parts of 
waiter, a little oxygen, with much chlorine, was 
evolved at the anode. As the solution was now 
becoming a bad conductor of electricity, sul- 
phuric acid was added to it: this caused more 
ready decomposition, but did not sensibly al- 
ter the proportion of chlorine and oxygen. 

761. The muriatic acid was now diluted with 
100 times its volume of dilute sulphuric acid. 
It still gave a large proportion of chlorine at 
the anode, mingled with oxygen; and the result 
was the same, whether a voltaic battery of 40 
pairs of plates or one containing only 5 pairs 
were used. With acid of this strength, the oxy- 
gen evolved at the anode was to the hydrogen 
at the cathode, in volume, as 17 is to 64; and 
therefore the chlorine would have been 30 vol- 
umes, had it not been dissolved by the fluid. 

762. Next with i-espect to the quantity of el- 
ements evolved. On using the volta-electrom- 
eter, it was found that, whether the strongest 
or the weakest muriatic acid were used, wheth- 
er chlorine alone or chlorine mingled with oxy- 
gen appeared at the anode, still the hydrogen 
evolved at the cathode was a constant quantity, 
i.e., exactly the same as the hydrogen which 
the same qmntUy of electricity could evolve 
from water. 

763. This constancy does not decide whether 

the muriatic acid is electrolyzed or not, al- 
though it proves that, if so, it must be in defi- 
nite proportions to the quantity of electricity 
used. Other considerations may, however, be 
allowed to decide the point. The analogy be- 
tween chlorine and oxygen, in their relations to 
hydrogen, is so strong, as to lead almost to the 
certainty that, when combined with that ele- 
ment, they would perform sinular parts in the 
process of electro-decomposition. They both 
unite with it in single proportional or equiva- 
lent quantities; and the number of proportion- 
als appearing to have an intimate and impor- 
tant relation to the decomposability of a My 
(697), those in muriatic acid, as wdl as in wa- 
ter, are the most favourable, or those perhaps 
even necess^, to decomposition. In other bi- 
nary compounds of chlorine also, where nothing 
equivocal depending on the simultaneous pres- 
ence of it and oxygen is involved, the chlorine 
is directly eliminated at the onode by the elec- 
tric current. Such is the case with the chloride 
of lecul (396), which may be justly compared 
with pratoxide of lead (402), and stands in the 
saznsi lotion to it as muriatic acid to water. 
The potassiium sodiuim barium, 


Ac., are in the same relation to the protoxides of 
the same metals and present the same resets 
underthe influence of the electric current (402). 

764. From all the experiments, combined 
with these considerations, I conclude that muri- 
atic acid is decomposed by the direct influence 
of the electric current, and that the quantities 
evolved are, and ther^ore the chemical action 
is, definite for a definite quantity of electricUy. 
For though I have not collected and measured 
the chlorine, in its separate state, at the anode 
there can exist no doubt as to its being propor- 
tional to the hydrogen at the cathode] and the 
results are therefore sufficient to establish the 
general law of constant electro-chemical action in 
the case of muriatic acid. 

765. In the dilute acid (761), I conclude that 
a part of the water is electro-chemically de- 
composed, giving origin to the oxygen, which 
appears mingled with the chlorine at the anode. 
The oxygen may be viewed as a secondary re- 
sult; but I incline to believe that it is not so; 
for, if it were, it might be expected in largest 
proportion from the stronger acid, whereas the 
reverse is the fact. This consideration, with 
others, also leads me to conclude that muriatic 
acid is more easily decomposed by the electric 
current than water; since, even when diluted 
with eight or nine times its quantity of the lat- 
ter fluid, it alone gives way, the water remain- 
ing unaffected. 

7 Chlorides. On using solutions of chlorides 
in water — for instance, the chlorides of so- 
dium or calcium — ^there was evolution of chlo- 
rine only at the positive electrode, and of hy- 
drogen, with the oxide of the base, as soda or 
lime, at the negative electrode. The process of 
decomposition may be viewed as proceeding in 
two or three ways, all terminating in the same 
results. Perhaps the simplest is to consider the 
chloride as the substance electrolyzed, its chlo- 
rine being determined to and evolved at the an- 
ode, and its metal passing to the cathode, where, 
finding no more chlorine, it acts upon the wa- 
ter, producing hydrogen and an oxide as see^ 
ondary results. As the discussion would detain 
me from more important matter, and is not 
immediate consequence, I shall defer it for risn 
present. It is, however, of great consequence Jto 
state, that, on using the volta-eleottpmes£^^ 
the hydrogen in both cases was definite; kudriSf 
the resdts do not prove the definite 
sition of cUorides (which shall be proved e&e- 
where, 789, 794, 814), they arenot in the slight- 
est opposed to such a conclusion, and 
do support riie generd bm. 
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767. HyModic add. A solution of hydriodic 
aeid was affected exactly in the same manner 
as muriatic add. When strong, hydrogen was 
evolved at the negative electrode, in definite 
proportion to the quantity of electricity which 
had passed, i.e., in the same proportion as was 
evolved by the same current from water; and 
iodine without any oxygen was evolved at the 
positive electrode. But when diluted, small 
quantities of oxygen appeared with the iodine 
at the anode, the proportion of hydrogen at the 
cathode remaining tmdisturbed. 

768. 1 believe the decomposition of the hy- 
driodic acid in this case to be direct, for the 
reasons already given respecting muriatic acid 
(763, 764). 

769. Iodides, A solution of iodide of potas- 
sium being subjected to the voltaic current, 
iodine appeared at the positive electrode (with- 
out any oxygen), and hydrogen with free alkali 
at the negative electrode. The same observa- 
tions as to the mode of decomposition are ap- 
plicable here as were made in relation to the 
chlorides when in solution (766). 

770. Hydro-fiuoric add and flttorides. Solu- 
tion of hydrofluoric acid did not appear to be 
decomposed under the influence of the electric 
current: it was the water which gave way ap- 
parently. The fused fluorides were electrolys^ 
(417); but having during these actions ob- 
tained fluorine in the separate state, 1 think it 
better to refer to a future series of these Re- 
searches, in which I purpose giving a fuller ac- 
count of the results than would be consistent 
with propriety here.^ 

771. Hydro-cyanic add in solution conducts 
very badly. The definite proportion of hydro- 
gen (equal to that from water) was set free at 
the caJ^de, whilst at the anode a small quan- 
tity of oxygen was evolved and apparently a 
solution of cyanogen formed. The action alto- 
gether corresponded with that on a dilute mu- 
riatic or hydriodic acid. When the hydro-cyan- 
ic acid was made a better conductor by sul- 
phuric acid, the same results occurred. 

Cyanides, With a solution of the cyanide of 
potassium, the result was precisely the same as 
witha chloride or iodide. No oxygen was evolved 
at the podtive electrode, but a brown solution 
formed there. Forthereasons given when speak- 
ing of the chlorides (766), and because a fused 
cyanide of potassium evolves cyanogen at the 

1 1 have not obtained fluorine: my ezpectatione, 
amotttttlmc to oonTietion, passed away one by one 
.teheirsubilected to rigorous examination; some very 
sindmas results urm obtah^; and to one of these 1 
tseinr at 1840*^Dee, 1S88. 
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positive dectrode,^ I incline to believe that the 
cyanide in solution is dUrecdy decomposed. 

772. Ferro-cyanic add and the/erro-cyanutes, 
as also sulpho-cyanic add and the svlpho-cya- 
nides, presented results corresponding with 
those just described (771). 

773. Acetic add. Glacial acetic acid, when 
fused (405), is not decomposed by, nor does it 
conduct, electricity. On adding a little water to 
it, still there were no signs of action; on adding 
more water, it acted slowly and about as pure 
water would do. Dilute sulphuric acid was 
added to it jn order to make it a better conduc- 
tor; then fee definite proportion of hydrogen 
was evolved at the catho^, and a mixture of 
oxygen in very deficient quantity, with car- 
bonic acid, and a little carbonic oxida at the 
anode. Hence it appears that acetic acid is not 
electrolysable, but that a portion of it\ is de- 
composed by the oxygen evolved at the anode, 
producing secondary results, varying with the 
strength of the acid, the intensity of the cur- 
rent, and other circumstances. 

774. Acetates, One of these has been referred 
to already, as affording only secondary results 
relative to the acetic acid (749). With many of 
the metallic acetates the results at both elec- 
trodes are secondary (746, 750). 

Acetate of soda fused and anhydrous is di- 
rectly decomposed, being, as I bdieve, a true 
electrolyte, and evolving soda and acetic acid 
at the cathode and anode. These however have 
no sensible duration, but are immediately re- 
solved into other substances; charcoal, sodi- 
uretted hydrogen, &c., being set free at the for- 
mer, and, as far as I could judge under the cir- 
cumstances, acetic acid mingled with carbonic 
oxide, carbonic acid, &c., at the latter. 

775. Tartaric add. Pure solution of tartaric 
acid is almost as bad a conductor as pure war 
ter. On adding sulphuric acid, it conducted 
well, the results at the positive electrode being 
primary or secondaiy in different proportions, 
according to variations in the strength of the 
acid and the power of the electric current (752). 
Alkaline tartrates gave a large proportion of 
secondary results at the positive electrode. The 
hydrogen at the negative electrode remained 
constant unless certain triple metallic salts 
were used. 

776. Solutions, of salts containing other veg- 
etable acids, as the benzoates; of sugar, gum, 

> It is a very remarkable thing to see carbon and 
ni^ogea in this ease determined powerfully towards 
the positive surface of the voltaic battery: but it is 
perfectly in harmony with the theory of electro- 
ohemical decomposition which J have advanced. 
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Ae., dissolved in dilute sulphuric acid; of resin, 
albumen, Ac,, dissolved in alkalies, were in 
turn submitted to the electrolytic power of the 
voltaic current. In all these cases, secondary 
results to a greater or smaller extent were pro- 
duced at the positive electrode. 

777. In concluding this division of these Re- 
searches, it cannot but occur to the mind that 
the final result of the action of the electric cur- 
rent upon substances, placed between the elec- 
trodes, instead of being simple may be very 
complicated. There are two modes by which 
these substances may be decomposed, either 
by the direct force of the electric cun*ent, or by 
the action of bodies which that current may 
evolve. There are also two modes by which 
new compounds may be formed, i.e., by com- 
bination of the evolving substances whilst in 
their nascent state (658) , directly with the mat- 
ter of the electrode; or else their combination 
with those bodies, which being contained in, or 
associated with, the body suffering decompo- 
sition, are necessarily present at the anode and 
cathode. The complexity is rendered still great- 
er by the circumstance that two or more of 
these actions may occur simultaneously, and 
also in variable proportions to each other. But 
it may in a great measure be resolved by atten- 
tion to the principles already laid down (747). 

778. When aqueoiis solutions of bodies are 
used, secondary results are exceedingly fre- 
quent. Even when the water is not present in 
large quantity, but is merely that of combina- 
tion, still secondary results often ensue: for in- 
stance, it is very possible that in Sir Humphry 
Davyds decomposition of the hydrates of po- 
tassa and soda, a part of the potassium pro- 
duced was the result of a secondary action. 
Hence, also, a frequent cause for the disappear- 
ance of the oxygen and hydrogen which would 
otherwise be evolved: and when hydrogen does 
not appear at the cathode in an aqueous solution, 
it perhaps always indicates that a secondary 
action has taken place there. No exception to 
this rule has as yet occurred to my observation. 

779. Secondary actions are not confined to 
aqueous solutions, or cases where water is pres- 
ent. For instance, various chlorides acted up- 
on, when fused (402), by platina electrodes, 
have the chlorine determined electrically to 
the anode. In nmny cases, as with the chlorides 
of lead, potassium, bariiun, &o., the chlorine 
acts on the platina and forms a compound with 
it, which dissolves; but when protochloride of 
tin is used, the chlorine at the anode does not 
act upon the platina, but upon the chloride al- 


ready there, forming a perchloride which rises 
in vapour (790, 804). l^ese are, therefore, in» 
stances of secondary actions of both kinds, pro*- 
duced in bodies containing no water. 

780. The production of l^ron from fused bo- 
rax (402, 417) is also a case of secondary action; 
for boracic acid is not decomposable by elec- 
tricity (408), and it was the sodium evolved at 
the cathode which, reacting on the boracic acid 
around it, took oxygen from it and set boron 
free in the experiments formerly described. 

781. Secondary actions have already, in the 
hands of M. Becquerel, produced many inter* 
esting results in the formation of compounds; 
some of them new, others imitations of those 
occurring naturally.^ It is probable they may 
prove equally interesting in an opposite direc- 
tion, i.e., as affording cases of analytic decom- 
position. Much information regarding the com- 
position, and perhaps even the arrangement, 
of the particles of such bodies as the vegetable 
acids and alkalies, and organic compounds gen- 
erally, will probably be obtained by submit- 
ting them to the action of nascent oxygen, hy- 
drogen, chlorine, Ac., at the electrodes; and 
the action seems the more promising, because 
of the thorough command which we possess 
over attendant circunastances, such as the 
strength of the current, the size of the elec- 
trodes, the nature of the decomposing conduc- 
tor, its strength, Ac., all of which may be ex- 
pected to have their corresponding influence 
upon the final result. 

782. It is to me a great satisfaction that the 
extreme variety of secondary results has pre- 
sented nothing opposed to the doctrine of a 
constant and definite electro-chemical action, 
to the particular consideration of which I shall 
now proceed. 

f vii. On the Definite Nature and Extent of 
Eledro-chemical Decompositions 

783. In the Third Series of these Res&xrches, 
after proving the identity of electricities de- 
rived from different sources, and showing, by 
actual measurement, the extraordinary quan- 
tity of electricity evolved by a very feeble vol- 
taic arrangement (371, 376), I announced a 
law, derived from experiment, which msm&i 
to me of the utmost importance to the sdende 
of dectricity in general, and that branch of it 
denominated elec^ro-c^emts^rymp^ieular* The 
law was expressed thus: The chemi&tdpoweTcf a 
currentof ekctricUyis indiredprtq^&kiontofhe 
absohde quantity of ekdricUywhiDhpajsses {377). 

^ Anwdss de Chimis, YoL XXXVi P* lid. 
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7BL In the Airther progresB of the successive 
bvestigations, I have had frequent occasion to 
refer to tiie same law, sometimes in circiun- 
stances offering powerful corroboration of its 
truth (456, 504, 505) ; and the present series al- 
ready supplies numerous new cases in which it 
bolds good (704, 722, 726, 732). It is now my 
object to consider this great principle more 
closdy , and to develop some of the consequences 
to which it leads. That the evidence for it may 
be the more distinct and applicable, I shall 
quote cases of decomposition subject to as few 
interferences from secondary results as possi- 
ble, effected upon bodies very ample, yet very 
definite in their nature. 

785. In the first place, I consider the law as 
so fully established with respect to the decom- 

" position of water ^ and under so many circum- 
stances which might be supposed, if an3rthing 
could, to exert an influence over it, that I may 
be excused entering into further d^ail respect- 
ing that substance, or even summing up the re- 
sults here (732). I refer, therefore, to the whole 
of the subdivision of this series of Researches 
which contains the account of the voUorelec- 
irometer (704, &c.). 

786. In the next place, I also consider the 
law as established with respect to muriatic add 
by the experiments and reasoning already ad- 
vanced, when speaking of that substance, in 
the subdivision respecting primary and second- 
ary results (758, &c.). 

787. I consider the law as established also 
with regard to kydriodip add by the experi- 
ments and considerations already advanced in 
the preceding division of this series of Researches 
(767, 768). 

. 788. Without speaking with the same confi- 
dence, yet from the experiments described, and 
many others not described, relating to hydro- 
fluoric, hydro-cyanic, ferro-cyanic, and sulpho- 
cyanic acids (770, 771, 772), and from the close 
a^ogy which holds between these bodies and 
the hydiacids of chlorine, iodine, bromine, Ac,, 
I conmder these also as coming under subjec- 
tion to the law, and assisting to prove its truth. 

780. In the preceding cases, except the first, 
the water is bdieved to be inactive; but to 
avoid any ambiguity arising from its presence, 
I sought for substances from which it should 
be absent altogether; and, taking advantage of 
iSbn law of conduction already developed (380, 
I soon found abundance, amongst which 
pi^doMoride o/ tin was first subjected to do- 
eetiapoffltion in the following manner. A pace 
of pLatina wire had one extremity coiled up in- 


to a small knob, and, having been carefully 
weighed, was sealed hermetically into a piece 
of tettle-gMs tube, so that the Imob should be 
at the bottom of the tube within (PI. VI, Fig. 
13). The tube was suspended by a piece of plat- 
ina wire, so that the heat of a spirit-lamp could 
be applied to it. Recently fused protochloride 
of tin was introduced in sufficient quantity to 
occupy, when melted, about one-half of the 
tube; the wire of the tube was connected with 
a volta-electrometer (711), which was itself 
connected with the negative end of a voltaic 
battery; cBnd a platina wire connected with the 
positive end of the same battery was dipped 
into the fused chloride in the tube; being how- 
ever so bent, that it could not by anvshake of 
the hand or apparatus touch the negative elec- 
trode at the bottom of the vessel. T^ whole 
arrangement is delineated in PI. VI, I 4 . 

790. Undier these circumstances the chloride 
of tin was decomposed: the clilorine evolved at 
the positive electrode formed bichloride of tin 
(779), which passed away in fumes, and the tin 
evolved at the negative electrode combined 
with the platina, forming an alloy, fusible at 
the temperature to which the tube was sub- 
jected, and therefore never occasioning metal- 
lic communication through the decomposing 
chloride. When the experiment had been con- 
tinued so long as to yield a reasonable quantity 
of gas in the volta-electrometer, the battery 
connexion was broken, the positive electrode 
removed, and the tube and remaining chloride 
allowed to cool. When cold, the tube was bro- 
ken open, the rest of the chloride and the glass 
being easily separable from the platina wire 
and its button of alloy. The latter when washed 
was then reweighed, and the increase gave the 
weight of the tin reduced. 

791. 1 will give the particular results of one 
experiment, in illustration of the mode adopt- 
ed in this and others, the results of which 1 
shall have occasion to quote. The negative 
electrode weighed at first 20 grains; after the 
experiment, it, with its button of alloy, weired 
23.2 grains. The tin evolved by the electric cur- 
rent at the cathode weighed therefore 3.2 grains. 
The qumitity of oxygen and hydrogen collect- 
ed in the volta-electrometer « 3.85 cubic inches. 
As 100 cubic inches of oxygen and hydrogen, 
in the proportions to form water, may be con- 
sidered as weighing 12.92 grains, the 3.85 cubic 
indies would weigh 0.49742 of a that 
bdng, therefore, the wdght of water deoomr 
posed by the same electric e^^t as liable 
to dboompoad sudi weight of protOcbloxide of 
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tm BB eould yieid S.2 grains of meCai. NoW 
0.49742 : 8.2 ::9, the eqtiivEl^t of wato is. to 
57.9, which should therefore be the equivalent 
of tin, if the experiment had been nu^ with- 
out error, and if the dectro-chemical decompo- 
sition is in (Ms cose also definite* In some chem- 
ical works 68 is given as the chemical equivar 
lent of tin, in others 57.9. Both are so near to 
the result of the experiment, and the experi- 
ment itself is BO subject to slight causes of va- 
riation (as from the absorption of gas in the 
volta-electrometer [716], Ac.), that the num- 
bers leave little doubt of the applicability of 
the law of definite action in this and all similar 
cases of electro-decomposition. 

792. It is not often I have obtained an ac- 
cordance in numbers so near as that I have just 
quoted. Four experiments were made on the 
protochloride of tin, the quantities of gas evolv- 
ed in the volta-electrometer being from 2.06 to 
10.29 cubic inches. The average of the four ex- 
periments gave 68.53 as the electro-chemical 
equivalent for tin. 

793. The chloride remaining after the exper- 
iment was pure protochloride of tin; and no 
one can doubt for a moment that the equiva- 
lent of chlorine had been evolved at the anode, 
and, having formed bichloride of tin as a sec^ 
ondary result, had passed away. 

794. Chloride of lead was experimented upon 
in a manner exactly similar, except that a change 
was made in the nature of the positive elec- 
trode; for as the chlorine evolved at the anode 
forms no perchloride of lead, but acts directly 
upon the platina, it produces, if that metal be 
used, a solution of chloride of platina in the 
chloride of lead; in consequence of which a 
portion of platina cim pass to the cathode^ and 
would then produce a vitiated result. I there- 
fore sought for, and found in plumbago, an- 
other substance, which could be used s^ely as 
the positive electrode in such bodies as chlo- 
rides, iodides, &c. The chlorine or iodine does 
not act upon it, but is evolved in the free state; 
smd the plumbago has no reaction, under the 
circumstances, upon the fused chloride or io- 
dide in which it is plunged. Even if a few par- 
ticles of plumbago should separate by the heat 
or the mechanic action of the evdved gas, 
they can do no harm in the chloride. 

795. The mean of three experimoats gave 
the numb^ of 100.85 as the equivalent for 
le^. ITie chemical eqidvalent is 103.5. The de- 
ficiet^ in my experiments I attribute to the 
solution of part Of the gas (716) in the volia- 
dectrometor ; but the reSdts leave no donl^ on 


my mind lhat both fhe lead and the ehbrine 
are, in this case, ev<dved in definite quantities 
by the action of a given quantity of electricity 
(814, Ac.). 

796. Chloride of antimony* It was in endeav- 
ouring to obtain the electro-chemical equivar 
lent of antimony from the chloride, that I ionnd 
reasons for the statement I have made respect- 
ing the presence of water in it in an earlier part 
of these Reeearchee (690, 693, Ac.). 

797. 1 endeavour^ to experiment upon the 
oxide of lead obtained by fusion and ignition of 
the nitrate in a platina crucible, but found 
great difficulty, from the high temperature re- 
quired for perfect fusion, and the powerful 
fluxing qualities of the BuMance. Green-glass 
tubes repeatedly failed. I at last fused the ox- 
ide in a small porcelain crucible, heated fully 
in a charcoal Are; and, as it was essential that 
the evolution of the lead at the cathode should 
take place beneath the surface, the negative 
dectrode was guarded by a green-glass tube, 
fused around it in such a manner as to expose 
only the knob of platina at the lower end (PI. 
VI, Fig* 16)y so that it could be plunged be- 
neath the surface, and thus exclude contact of 
air or oxygen with the lead reduced there. A 
platina wire was employed for the positive 
electrode, that metal not being subject to any 
action from the oxygen evolved against it. The 
arrangement is given in PL VI, Fig* 16. 

798. In an experiment of this kind the equiv- 
alent for the lead came out 93.17, which is very 
much too small. This, I believe, was becau^ of 
the small interval between the positive and 
negative electrodes in the oxide of lead; so that 
it was not unlikely that some of the froth and 
bubbles formed by the oxygen at the anode 
should occasionally even touch the lead re- 
duced at the cathode^ and re-oxidize it. When I 
endeavoured to correct this by having more 
litharge, the greater heat required to keep it all 
fluid caused a quicker action on the crucible, 
which was soon eaten through, and the exper- 
iment stopped. 

799. In one experiment of this kind I used 
borate of lead (408, 673). It evolves lead, un- 
der the influence of the electric current, at the 
anode, and oxygen at the cathode; and as the 
boracic add is not dther directly (408) or in^ 
ddmtaily decomposed during the operation^ i 
expected a result dependent on the oride of 
lead. The borate is not so vident a flux as the 
oxide, but it reqmres a higher temperature to 
mate it quite liquid; and if n<^,very hot, the 
bubbles d oxygm ding to tibe j;MMritiy» elee* 
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trodfi, and retard the transfer of electricity. 
The number for lead came out 101.29, which is 
so near to 103.5 as to show that the action of 
the current had been definite. 

800. Oxide of bismuth. I found this substance 
required too high a temperature, and acted too 
powerfully as a flux, to allow of any experiment 
being made on it, without the application of 
more time and care than I could give at present. 

801. The ordinary protoxide of ardimony^ 
which consists of one proportional of metal and 
one and a half of oxygen, was subjected to the 
action of the electric current in a green-glass 
tube (789), surrounded by a jacket of platina 
foil, and heated in a charcoal fire. The decom- 
position began and proceeded very well at first, 
apparently indicating, according to the general 
law (679, 697), that this substance was one 
containing such elements and in such propor- 
tions as made it amenable to the power of the 
electric current. This effect I have already giv- 
en reasons for supposing may be due to the 
presence of a true protoxide, consisting of sin- 
gle proportionals (696, 693). The action soon 
diminished, and finally ceased, because of the 
formation of a higher oxide of the metal at the 
positive electrode. This compound, which was 
probably the peroxide, being infusible and in- 
soluble in the protoxide, formed a crystalline 
crust around the positive electrode; and thus 
insulating it, prevented the transmission of the 
electricity. Whether if it had been fusible and 
still immiscible, it would have decomposed, is 
doubtful, because of its departure from the re- 
quired composition (697X It was a very nat- 
ural secondary product at the positive elec- 
trode (779). On opening the tube it was found 
that a little antimony had been separated at 
the negative electrode; but the quantity was 
too small to allow of any quantitative result 
being obtained.^ 

802. Iodide of lead. This substance can be 
experimented with in tubes heated by a spirit- 
lamp (789); but I obtained no good results 
from it, whether I used positive electrodes of 
platina or plumbago. In two experiments the 
numbers for the lead came out only 75.46 and 
73.45, instead of 103.5. This I attribute to the 
formation of a periodide at the positive elec- 
trode, which, dissolving in the mass of liquid 
iodide, came in contact with the lead evolved 
at the negative dlectrode, and dissolved part 
of it, becoming itsdif agsdn protiodide. Such a 
periodide does exist; a^ it is very rarely that 

’ 1 paragraph is sabjeet to the oorreotive note 
jMMriq;ipmed^to paragraph 606.— i>a6. 1838. 
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the iodide of lead formed by precipitation, and 
well-washed, can be fused without evolving 
much iodine, from the presence of this per- 
compound; nor does crystallization from its 
hot aqueous solution free it from this substance. 
Even when a little of the protiodide and iodine 
are merely rubbed together in a mortar, a por- 
tion of the periodide is formed. And though it 
is decomposed by being fused and heated to 
dull redness for a few minutes, and the whole 
reduced to protiodide, yet that is not at all op- 
posed to the possibility, that a little of that 
which is foimed in great excess of iodine at the 
anode, sliould be carried by the rapid currents 
in the liquid into contact with the cathode. 

803. This view of the result was stre^thened 
by a third experiment, where the sfece be- 
tween the electrodes was increased to or^e-third 
of an inch; for now the interfering effectjs were 
much diminished, and the number of the lead 
came out 89.04; and it was fully confirmed by 
the results obtained in the cases of transfer to 
be immediately described (818). 

The experiments on iodide of lead therefore 
offer no exception to the general law under con- 
sideration, but on the contrary may, from 
general considerations, be admitted as includ- 
ed in it. 

804. Protiodide of tin. This substance, when 
fused (402), conducts and is decomposed by 
the electric current, tin is evolved at the an- 
ode, and periodide of tin as a secondary result 
(779, 790) at the cathode. The temperature re- 
quired for its fusion is too high to allow of the 
production of any results fit for weighing. 

805. Iodide of potassium was subjected to 
electrolytic action in a tube, like that in PI. VI, 
Fig. IS (789). The negative electrode was a 
globule of lead, and I hoped in this way to re- 
tain the potassium, and obtain results that 
could be weighed and compared with the volta- 
electrometer indication; but the difficulties de- 
pendent upon the high temperature required, 
the action upon the glass, the fusibility of the 
platina induced by the presence of the lead, 
and other circumstances, prevented me from 
procuring such results. The iodide was decom- 
posed with the evolution of iodine at the an- 
ode, and of potassium at the cathode, as in for- 
mer cases. 

806. In some of these experiments several 
substances were placed in succession, and de- 
composed simultaneously by the same electric 
euxT^t: thus, protochloride of tin, chloride of 
lead, and water, were thus acted on at once. It 
is needless to say that the results were oom- 
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parable, the tin, lead, chlorine, oxygen, and hy- 
drogen evolved being definite in quantity and 
electro-chemical equivalents to each other. 

807. Let us turn to another kind of proof of 
the definite chemical action of electricity. If any 
circumstances could be supposed to exert an 
influence over the quantity of the matters 
evolved during electrolytic action, one would 
expect them to be persent when electrodes of 
different substances, and possessing very dif- 
ferent chemical affinities for such matters, were 
used. Platina has no power in dilute sulphuric 
acid of combining with the oxygen at the an- 
ode, though the latter be evolved in the nas- 
cent state against it. Copper, on the other 
hand, immediately unites with the oxygen, as 
the electric current sets it free from the hydro- 
gen; and zinc is not only able to combine with 
it, but can, without any help from the elec- 
tricity, abstract it directly from the water, at 
the same time setting torrents of hydrogen 
free. Yet in cases where these three substances 
were used as the positive electrodes in three 
similar portions of the same dilute sulphuric 
acid, specific gravity 1.336, precisely the same 
quantity of water was decomposed by the elec- 
tric current, and precisely the same quantity 
of hydrogen set free at the cathodes of the three 
solutions. 

808. The experiment was made thus. Por- 
tions of the dilute sulphuric acid were put into 
three basins. Three volta-electrometer tubes, 
of the form, PI. VI, Figs, 5, 7, were filled with 
the same acid, and one inverted in each basin 
(707). A zinc plate, connected with the positive 
end of a voltaic battery, was dipped into the 
first basin, forming the positive electrode there, 
the hydrogen, which was abundantly evolved 
from it by the direct action of the acid, being 
allowed to escape. A copper plate, winch dipped 
into the acid of the second basin, was con- 
nected with the negative electrode of the first 
basin; and a platina plate, which dipped into 
the acid of the third basin, was cotmected with 
the negative electrode of the second basin. The 
negative electrode of the third basin was con- 
nected with a volta-electrometer (711), and 
that with the negative end of the voltaic bat^ 
tery. 

800. Immediately that the circuit was com- 
plete, the electrochemical action commenced in 
all the vessels. The hydrogen still rose in, ap- 
parently, undiminished quantities from the pos- 
itive zinc electrode in the first basin. No oxy- 
gen was evolved at the positiye copp^ elec- 
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trode in the second basin, but a sulphate of 
copper was formed there; whilst in the third 
basin the positive platina electrode evolved 
pure oxygen gas, and was itself unaffected. But 
in aU the basins the hydrogen liberated at the 
negative platina electrodes was the same in 
quantity, and the same with the volume of hy- 
drogen evolved in the volta-electrometer, show- 
ing that in all the vessels the current had de- 
composed an equal quantity of water. In this 
trying cose, therefore, the chemical action of 
electricity proved to be perfectly definite, 

810. A similar experiment was made with 
muriatic acid diluted with its bulk of water. 
The three positive electrodes were zinc, silver, 
and platina ; the first being able to separate and 
combine with the chlorine without the aid of 
the current; the second combining with the 
chlorine only after the current had set it free; 
and the third rejecting almost the whole of it. 
The three negative electrodes were, as before, 
platina plates fixed within glass tubes. In this 
experiment, as in the former, the quantity of 
hydrogen evolved at the cathodes was the same 
for all, and the same as the hydrogen evolved 
in the volta-electrometer. I have already given 
my reasons for believing that in these experi- 
ments it is the muriatic acid which is directly 
decomposed by the electricity (764) ; and the 
results prove that the quantities so decomposed 
are perfectly definite and proportionate to the 
quantity of electricity which has passed. 

811. In this experiment the chloride of silver 
formed in the second basin retarded the pas- 
sage of the current of electricity, by virtue of 
the law of conduction before described (394), 
BO that it had to be cleaned off four or five 
times during the course of the experiment; but 
this caused no difference between the results 
of that vessel and the others. 

812. Charcoal was used as the positive elec- 
trode in both sulphuric and muriatic acids 
(808, 810) ; but this change produced no vari- 
ation of the results. A zinc positive electrode, 
in sulphate of soda or solution of common salt, 
gave the same constancy of operation. 

813. Experiments of a similar kind were then 
made with bodies altogether in a different state^ 
i.e., with fused chlorides, iodides, I have d- 
ready described an experiment with fused chlo- 
ride of silver, in which the electrodes were of 
metallic silver, the one rendered negative be- 
coming increased and lengthened by the addi- 
tion of metal, whilst the other was dksolved 
and eaten away by its abstracriooi This expm^ 
iment was repeat^, two weired pieces of ril- 


ELECTRICITY 



m FARADAY Series VII 


831. vi. Abodynotdecomposable when alone, 
as boracic acid, is not directly decomposable 
by the electric current when in combination 
(780). It may act as an ion going wholly to the 
dnode or cathode^ but does not yield up its ele*^ 
ments, except occasionally by a secondary ac- 
tion. Perhaps it is superfluous for me to point 
out that this proposition has no relation to such 
oases as tliat of water, which, by the presence 
of other bodies, is rendered a better conductor 
of electricity, and therefore is more freely de- 
composed. 

832. vii. The nature of the substance of which 
the electrode is formed, provided it be a con- 
ductor, causes no difference in the electro-de- 
composition, either in kind or degree (807, 
813) : but it seriously influences, by secondary 
..action (744), the state in which the tons finally 
appear. Advantage may be taken of this prin- 
ciple in combining and collecting such tons as, 
if evolved in their free state, would be unman- 
ageable.^ 

833. viii. A substance which, being used as 
the electrode, can combine with the ton evolved 
against it, is also, I believe, an ton, and com- 
bines, in such cases, in the quantity represent- 
ed by its electro-chemical equivalent All the ex- 
periments I have made agree with this view; 
and it seems to me, at present, to result as a 
necessary consequence. Whether, in the sec- 
ondary actions that take place, where the ton 
acts, not upon the matter of the electrode, but 
on that which is around it in the liquid (744), 
the same consequence follows, will require more 
extended investigation to determine. 

834. ix. Compound tons are not necessarily 
composed of electro-chemical equivalents of 
simple tons. For instance, sulphuric acid, bo- 
racic acid, phosphoric acid, are tons, but not 
electrolytes^ i.e., not composed of electro-chem- 
ical equivalents of simple tons. 

835. X. Electro-chemical equivalents are al- 
ways consistent; i.e., the same number which • 
r^resents the equivalent of a substance A 
when it is separating from a substance B, 
will also represent A when separating from 
a third substance C. Thus, 8 is the electro- 
diemical equivalent of oxygen, whether sepa- 

> It will often happen that the electrodes used may 
be of such a nature as, with the fluid in which they 
are immersed, to produce an electric current, either 
according with or opposing tdiat of the voltaic ar- 
rangement used, and in this way, or by direct chem- 
ical action, may sadly disturbt he results. Still, in 
the midst of all these confusing effects, the electric 
fMrent, which actually passes in any direction 
^^rongh the body suffering decomposition, will pro- 
lliiee its own definite electrelytic action. 


rating from hydrogen, or tin, or lead; and 
103.5 is the dectro-chemical equivalent of 
lead, whether separating from oxygen, or chlo- 
rine, or iodine. 

836. xi. Electro-chemical equivalents coin- 
cide, and are the same with ordinary chemical 
equivalents. 

837. By means of experiment and the preced- 
ing propositions, a knowledge of ions and their 
electro-chemical equivalents may be obtained 
in various ways. 

838. In the first place, they may be deter- 

mined d^fctly, as has been done with hydro- 
gen, oxygen, lead, and tin, in the numerous ex- 
periments already quoted. \ 

839. In the next place, from propofeitions ii 
and iii, may be deduced the knowledge^ many 
other ionSf and also their equivalent^. When 
chloride of lead was decomposed, plating being 
used for both electrodes (395), there could re- 
main no more doubt that chlorine was passing 
to the anodSf although it combined with the 
platina there, than when the positive electrode, 
being of plumbago (794), allowed its evolution 
in the free state; neither could there, in either 
case, remain any doubt that for every 103.5 
parts of lead evolved at the cathode, 36 parts of 
chlorine were evolved at the anode, for the re- 
maining chloride of lead was unchanged. So al- 
so, when in a metallic solution one volume of 
oxygen, or a secondary compound containing 
that proportion, appeared at the anode, no 
doubt could arise that hydrogen, equivalent to 
two volumes, had been determined to the cathr 
ode, although, by a secondary action, it had 
been employed in reducing oxides of lead, cop- 
per, or other metals, to the metallic state. In 
this manner, then, we learn from the experi- 
ments already described in these Researches, 
that chlorine, iodine, bromine, fluorine, calci- 
um, potassium, strontium, magnesium, man- 
ganese, &c., are ions, and that their ekctrch 
chemical equivalents are the same as their or- 
dinary chemical equivalents. 

840. Propositions iv and v extend our means 
of gaining information. For if a body of known 
chemical composition is found to be decompos- 
able, and the nature of the substance evolved 
as a primary or even a^secondary result (743, 
777) at one of the electrodes, be ascertained, 
the electro-chemical equivalent of that body 
may be deduced from the known constant com- 
position of the substance evolved. Thus, when 
Lsed protiodide of tin is decomposed by the 
voltaic current (804), the conclusion may be 
drawn, that both the iodine and tin are ions^ 
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and that the proportions in which they combine 
in the fused compound express their electro- 
chemical equivalents. Again, with respect to 
the fused iodide of potassium (805), it is an 
electrolyte; and the chemical equivalents will 
also be the electro-chemical equivalents. 

841. If proposition viii sustain extensive ex- 
perimental investigation, then it will not only 
help to confirm the results obtained by the use 
of the other propositions, but will give abun- 
dant original information of its own. 

842. In many instances, the secondary residts 
obtained by the action of the evolved ion on 
the substances present in the surrounding liq- 
uid or solution, will give the electro-chemical 
equivalent. Thus, in the solution of acetate of 
lead, and, as far as I have gone, in other proto- 
salts subjected to the reducing action of the 
nascent hydrogen at the catlwde^ the metal pre- 
cipitated has been in the same quantity as if it 
had been a primary product (provided no free 
hydrogen escaped there), and therefore gave 
accurately the number representing its electro- 
chemical equivalent. 

843. Upon this principle it is that secondary 
results may occasionally be used as measurers 
of the volta-electric current (706, 740); but 
there are not many metallic solutions that an- 
swer this purpose well: for unless the metal is 
easily precipitated, hydrogen will be evolved 
at the cathode and vitiate the result. If a sol- 
uble peroxide is formed at the anode, or if the 
precipitated metal crystallize across the solu- 
tion and touch the positive electrode, similar 
vitiated results are obtained. I expect to find in 
some salts, as the acetates of mercury and zinc, 
solutions favourable for this use, 

844. After the first experimental investiga- 
tions to establish the definite chemical action 
of electricity, I have not hesitated to apply the 
more strict results of chemical analysis to cor- 
rect the numbers obtained as electrolytic re- 
sults. This, it is evident, may be done in a great 
number of cases, without using too much lib- 
erty towards the due severity of scientific re- 
search. The series of numbers representing 
electro-chemical equivalents must, like those 
expressing the ordinary equivalents of chemi- 
cally acting bodies, remain subject to the con- 
tinual correction of experiment and sound 
reasoning. 

845. I give the following brief table of ions 
and their electro-chemical equivalents, rather 
as a Bpecimen of a first attempt than as any- 
thing that can supply the want which must 
very quickly be felti of a full and complete tab- 


ular account of this class of bodies. Looking 
forward to such a table as of extreme utility (if 
well-constructed) in developing the intimate 
relation of ordinary chemical affinity to elec- 
trical actions, and identifying the two, not to 
the imagination merely, but to the conviction 
of the senses and a sound judgement, I may be 
allowed to express a hope, that the endeavour 
will alwa 3 rs be to make it a table of real, and 
not hypothetical, electro-chemical equivalents; 
for we shall else overrun the facts, and lose all 
sight and consciousness of the knowledge lying 
directly in our path. 

846. The equivalent numbers do not profess 
to be exact, and are taken almost entirely from 
the chemical results of other philosophers in 
whom I could repose more confidence, as to 
these points, than in myself. 

847. Table of Ions 


Anions 


Oxygen 

8 

Phosphoric acid 

35.7 

Chlorine 

35.5 

Carbonic acid 

22 

Iodine 

126 

Boracio acid 

24 

Bromine 

78.3 

Acetic acid 

51 

Fluorine 

18.7 

Tartaric acid 

66 

Cyanogen 

26 

Citric acid 

58 

Sulphuric acid 

40 

Oxalic acid 

36 

Seienio acid 

64 

Sulphur (?) 

16 

Nitric acid 

54 

Selenium (?) 


Chloric acid 

75.5 

Sulpho-cyanogen 



Cations 


Hydrogen 

1 

Mercury 

200 

Potassium 

39.2 

Silver 

108 

Sodium 

23.3 

Platina 

98.6? 

Lithium 

10 

Gold 

(?) 

Barium 

68.7 



Strontium 

43.8 

Ammonia 

17 

Calcium 

20.5 

Potassa 

47.2 

Magnesium 

12.7 

Soda 

31.3 

Manganese 

27.7 

Lithia 

18 

Zinc 

32.5 

Baryta 

76.7 

Tin 

57.9 

Strontia 

51.8 

Lead 

103.5 

Lime 

28.5 

Iron 

28 

Magnesia 

20.7 

Copper 

31.6 

Alumina 

(?) 

Cadmium 

55.8 

Protoxides generally. 

Cerium 

46 

Quinia 

171.6 

Cobalt 

29.5 

Cinchona 

160 

Nickel 

29.5 

Morphia 

290 

Antimony 

64.6? 

Vegeto-alkalies general- 

Bismuth 

71 

ly. 



848. This table might be further arranged 
into groups of such substances as either act 
with, or replace, each other. Thus, for instance, 
acids and bases act in relation to each other; 
but they do not act in association with oxygen, 
hydrogen, or elementary substances. There is 
indeed little or no doubt that, when the elec- 
trical rdations of the particles of mather coxae 
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jfeo be closely examined, ilus division must be 
made^ The ample substances, with cyanogen, 
sidpho-cyanogen, and one or two other com- 
pound bocties, will probably form thefirstgroup: 
and the acids and bases, with such analogous 
compounds as may prove to be ions, the second 
group. Whether these will include all ions, or 
whether a third class of more complicated re- 
sults will be required, must be decided by fu- 
ture experiment. 

849. It is 'probable that all our present ele- 
mentary bodies are ions, but that is not as yet 
certain. There are some, such as carbon, phos- 
phorus, nitrogen, silicon, boron, aluminium, the 
right of which to the title of ion it is desirable 
to decide as soon as possible. There are also 
„many compound bodies, and amongst them 
alumina and silica, which it is desirable to class 
immediately by unexceptionable experiments. 
It is also possible^ that all combinable bodies, 
compound as well as simple, may enter into 
the class of ions; but at present it does not seem 
to me probable. Still the experimental evidence 
I have is so small in proportion to what must 
gradually accumulate around, and bear upon, 
this point, tliat I am afiaid to give a strong 
opinion upon it. 

850. 1 think I cannot deceive m3rself in con- 
ridering the doctrine of definite electro-chem- 
ical action as of the utmost importance. It 
touches by its facts more directly and closely 
than any former fact, or set of facts, have done, 
upon tlie beautiful idea, that ordinary chem- 
ic^ affinity is a mere consequence of the elec- 
trical attractions of the particles of different 
kinds of matter; and it will probably lead us to 
the means by which we may enlighten that 
which is at present so obscure, and either fully 
demonstrate the truth of the idea, or develop 
that which ought to replace it. 

851. A very valuable use of electro-chemical 
equivalents will be to decide, in cases of doubt, 
wf^t is the true chemical equivalent, or defi- 
nite proportional, or atomic number of a body; 
for I have such conviction that the power which 
governs electro-decomposition and ordinary 
chemical attractions is the same ; and such con- 
fidence in the overruling infiuenoe of those nat- 
ure laws which render the former definite, as 
to W no hesitation in believing that the latter 
must submit to them also* Such being the case, 
1 can' have no doubt that, assuming hydrogen 
m h and dismisong smalt fractions for the 
itepSmty of expression, the equivalent num- 

t or atonuo Wi^t of oxygen is 8, of chlorine 
of lead 103^5, of tin 


notwithstaiMlliig that a voy fai^ authority 
doubles several of these numbers. 

§ 13. On (he Absolute Quantity of. Electricity 
Aaeociated wWi the Partidee or Atoms of 
Matter 

862. The theory of definite electrolytical or 
electro-chemical action appears to me to touch 
immediately upon the ebeolute quantity of elec- 
tricity or electric power belonging to different 
bodies. It is impossible, perhaps, to speak on 
this point without committing onesdf beyond 
what pfei^ent facts will sustain; ana yet it is 
equally impossible, and perhaps would be im- 
politic, not to reason upon the subject. Al- 
though we know nothing of what amatom is, 
yet we cannot resist forming spme ipea of a 
small particle, which represents it to the mind; 
and t^ugh we are in equal, if not greater, ig- 
norance of electricity, so as to be unable to say 
whether it is a particular matter or matters, or 
mere motion of ordinary matter, or some third 
kind of power or agent, yet there is an immens- 
ity of facts which justify us in believing that 
the atoms of matter are in some way endowed 
or associated with electrical powers, to which 
they owe their most striking qualities, and 
amongst them their mutual chonical affinity. 
As soon as we perceive, through the teaching of 
Dalton, that chemical powers are, however va- 
ried the circumstances in which they are ex- 
erted, definite for each body, we learn to esti- 
mate the relative degree of force which resides 
in such bodies: and when upon that knowledge 
comes the fact, that the electricity, which we 
appear to be capable of loosening from its hab- 
itation for a wffile, and conveying from place 
to place, whilst it retains its chemical force, can 
be measured out, and being so measured is 
found to be 09 definite in its action as any of 
those portions which, remaining associated with 
the particles of , matter, give them their chemr 
ical relation] we seem to have found the link 
winch connects the proportion of that we have 
evolved to the proportion of that belonging to 
the particles in th^ natural state. 

853. Now it is wonderful to observe how 
small a quantity of a compound body is de- 
composed by a certain portion of electricity. 
Let us, for instance^ consider this and a fic^ 
other points in relation to water. One grain of 
water, acidulated to facilitate conduction, ivrill 
require an electric current to be continued for 
iium mimites and three-quarters of time to ef- 
fect its decomposition, which current must be 
powerfid to retmn a platiimxriiejxit^ 
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m iaoh in red4u)t, in ibe air during 

the whole timer and if interrupted ansrwhm 
by charcoal points, will produce a very brilli- 
ant and constant star of light. If attasttion be 
paid to the instantaneous discharge of elec- 
tricity of tension, as illustrated in the beautiful 
expmments of Mr, Wheatstone,* and to what 
I ^ve said elsewhere on the relation of com- 
mon and voltaic electricity (371, 37S), it will 
not be too much to say that this necessary 
quantity of electricity is equal to a very pow- 
erful flash of lightning. Yet we have it under 
perfect command; can evolve, direct, and em- 
ploy it at pleasure; and when it has performed 
its full work of electrolyzation, it has only sep- 
arated the elements of a nngle grain of water, 

854. On the other hand, the relation between 
the conduction of the electricity and the de- 
composition of the water is so close, that one 
cannot take place without the other. If the 
water is alter^ only in that small degree which 
consists in its having the solid instead of the 
fluid state, the conduction is stopped, and the 
decomposition is stopped with it. Whether the 
conduction be considered as depending upon 
the decomposition, or not (413, 703), still the 
relation of the two functions is equally inti- 
mate and inseparable. 

855. Considering this close and twofold re- 
lation, namely, that without decomposition, 
transmission of electricity does not occur; and, 
that for a given definite quantity of electricity 
passed, an equally definite and constant quan- 
tity of water or other matter is decomposed; 
considering also that the agent, which is elec- 
tricity, is simply eiiq)loyed in overcoming elec- 
trical powers in the body subjected to its ac- 
tion; it seems a probable, and almost a natural 
consequence, that the quantity which passes 

1 1 have not stated the length of wire used, be- 
cause 1 find by exj>eriinent, as would be expected in 
theory, that it is indifferent. The same quantity of 
electricity which, passed in a given time, can heat an 
inch of plafina wire of a certain diameter red-hot, 
can also heat a hundred, a thousand, or any length 
of the same wire to the same degree, provided the 
cooling circumstances are the same for every part in 
all cases. This I have proved by the volta-eleotrom- 
eter« I fomid that whether half an inch or eigdit inches 
were retained at one cppatant temperature of dull 
redness, equal quantities df water were decomposed 
in equal times. When the half-inch was used, only 
the oentre portion of wire was ignited. A fine wire 
may even be used as a rough but ready regulator of a 
voltaic current; for if it be made part of the circuit, 
and the larger wires communioating with it be shift- 
ed hSarer to pr farther apart, so as to kecp^lhe por- 
tion of wire in the ebeuit aensibiy at the saine tan- 
peraiure, tiie currezit passing wouidt it wiU be 
nearl|r;imiform* , 

ic9l JUraohslas. p; fiOA im, p. 261. 


ktiie egfrieoleni thfirefore 
of the paarticles separated; i.e., that if the efec- 
trical pow^ which holds the elements of afpafai 
of water in combination, or which makes % 
grain of oxygen and hydrogen in the right 
portions unite into water wh^ they are made 
to combine, could be thrown into the oondition 
of a cwrrmtf it would exactly equal the current 
required for the s^Muation of t^t grain of wa- 
ter into its elements again. 

856. This view of the subject gives an almost 
overwhelming idea of the extraordinary quan- 
tity or degree of electric power which natuxaJly 
belongs to the particles of matter; but it is zkot 
inconsistent in the slightest degree with the 
facts which can be brought to bear on this 
point. To illustrate this I must say a few Words 
on the voltaic pile.^ 

857. Intending hereafter to apply the results 
given in this and the preceding series of fie- 
searckea to a close investigation of the source of 
electricity in the voltaic instrument, I have re- 
frained from forming any decided opinion on 
the subject; and without at all meaning to dis- 
miss metallic contact, or the contact of dissimr* 
ilar substances, being conductors, but not me- 
tallic, as if they had nothing to do with the or- 
igin of the current, 1 still am fully of opinion 
with Davy, that it is at least continued by 
chemical action, and that the supply constitut- 
ing the current is almost entity from that 
source. 

858. Those bodies which, being interposed 
between the metals of the voltaic pile, render 
it active, are all of them electrolytes (476); and 
it cannot but press upon the attention of every 
one engaged in considering this subject, that m 
those bodies (so essential to the pile) d^cmipo- 
sition and the transmission of a curr^t are so 
intimately connected, that one cannot happen: 
without other. This I have shown 
dantly in water, andnumerous other cases (402^ 
476). If, then, a voltaic trough have its extreme 
ities connect^ by a body capable of bemg de^ 
composed, as water, we shall have a contiimovui. 
current through the apparatus; and whibtit 
remains in th£ state we may look at the psi!| 
where the acid is acting upon the pla4^,il0iiid 
that where the current is acting upcm tinenriM' 
ter, at tihe reciprocals of each otter. & helk 

< the term voltaic piZe, I mean such apperiKfeiia 
or arrenfeinent of metals as up to this tiipe have 
been oalled so, and which contain water, brine, aeids, 
or other aqueous solutions or decomposam sub- 
staoees (476), between their platce. Otier loads el 
electiie apparatus may be hereafter ioyented, and 1 
hope to Qonstruet some not belonging to the class of 
instniaie&ts disoovmd by VoUa. 
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parts we have the two conditions in^epaiNihU 
in imh bodies oe these^ namelyi the passing of a 
cuiraat, and decomposition; and tl^ is as true 
of the cells in the battery as of the water cell; 
for no voltaic battery has as yet been constructed 
in which the chemical action is only that of 
combination : decomposition is always inclvded, 
and is, I believe, an essential chemical part. 

859. But the difference in the two parts of 
the connected battery, that is, the decomposi-* 
tion or experimental cell, and the acting cells, 
is simply this. In the former we urge the cur- 
rent through, but it, apparently of necessity, 
is accompanied by decomposition: in the latter 
we cause decompositions by ordinary chemical 
actions (which are, however, themselves eleo- 
.tricfl'Of s^nd, as a consequence, have the elec- 
trical current; and as the decomposition de- 
pendent upon the current is definite in the for- 
mer case, BO is the current associated with the 
decomposition also definite in the latter (862, 
&c.). 

860. Let us apply this in support of what I 
have surmised respecting the enormous elec- 
tric power of each particle or atom of matter 
(856). I showed in a former series of these Re- 
searches on the relation by measure of common 
and voltaic electricity, that two wires, one of 
platina and one of zinc, each one-eighteenth of 
an inch in diameter, placed five-sixteenths of 
an inch apart, and immersed to the depth of 
five-eighths of an inch in acid, consisting of one 
drop of oil of vitriol and four ounces of distilled 
water at a temperature of about 60® Fahr., and 
connected at the other extremities by a copper 
wire eighteen feet long, and one-eighteenth of 
an inch in thickness, yielded as much electri- 
city in little more than three seconds of time as 
a Leyden battery charged by thirty turns of a 
very large and powerful plate electric machine 
in full action (371). This quantity, though suf- 
ficient if passed at once through the head of a 
rat or cat to have killed it, as by a flash of 
lightning, was evolved by the mutual action of 
so sDsall a portion of the zinc wire and water in 
ccmtact with it, that the loss of weight sustain- 
ed by either would be inappreciable by our 
most delicate instrum^ts; and as to the water 
which could be decomposed by that current, it 
must have been insen&dble in quantity, for no 
trace of hydrogen appeared upon the surface 
ei the platina during those three seconds. 

S61. What an enormous quantity of electiici- 
^/tberefme, is required for the decomposition 
sitigie grain of water! We have already 
that it must be in quantity sufficient to 


sustain a platina wire of an inch in thicks 
ness, red-hot, in contact with the air, for three 
nnnutes and three quarters (853), a quantity 
which is almost infinitely greater than that 
which could be evolved by the little standard 
voltaic arrangement to which I have just re- 
ferred (860, 371). 1 have endeavoured to make 
a comparison by the loss of weight of such a 
wire in a given time in such an acid, according 
to a principle and experiment to be almost im- 
mediately described (862) ; but the proportion 
is so high that I am almost afraid to mention 
it. It would appear that 800,000 such charges 
of the Leyden battery as I have referred to 
above, would be necessary to supply Mectric- 
ity sufficient to decompose a single grain of wa- 
ter; or, if I am right, to equal the quantity of 
electricity which is naturally associateq with 
the elements of that grain of water, endowing 
them with their mutual chemical affinity. 

862. In further proof of this high electric 
condition of the particles of matter, and the 
identity as to qmntity of that belonging to them 
with that necessary for their separatioUf I will 
describe an experiment of great simplicity but 
extreme beauty, when viewed in relation to 
the evolution of an electric current and its de- 
composing powers. 

863. A dilute sulphuric acid, made by adding 
about one part by measure of oil of vitriol to 
thirty parts of water, will act energetically up- 
on a piece of zinc plate in its ordinary and sim- 
ple state: but, as Mr. Sturgeon has shown, ^ 
not at ail, or scarcely so, if the surface of the 
metal has in the first instance been amalga- 
mated; yet the amalgamated zinc will act pow- 
erfully with platina as an electromotor, hydro- 
gen being evolved on the surface of the latter 
metal, as the zinc is oxidized and dissolved. 
The amalgamation is best effected by sprin- 
kling a few drops of mercury upon the surface 
of the zinc, the latter being moistened with the 
dilute acid, and rubbing with the fingers or tow 
so as to extend the liquid metal over the whole 
of the surface. Any mercury in excess, forming 
liquid drops upon the zinc, should be wiped off.‘ 

864. Two plates of zinc thus amalgamated 
were dried and accurately weighed; one, which 
we will call A, weighed 163.1 grains; the other, 
to be called B, weighed 148.3 grains. They were 

^ Recent Experimental Researches, Ao., 1830, p. 74, 

Ao. 

» The expea^iment may be made with pure eino. 
whidi, as chemists well know, is but sligntiy acted 
upqiL by dilute sulphuric acid in comparison with 
ordinary sine, which during the action is subject to 
an infinity of voltaic actions. See De la Rive on this 
subject, SibliMtsus UMwrsdU, 1830, p. 891. 
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about five inches long, and 0.4 af an inch wide. 867. But let us observe hm the water is da- 


An earthenware pneumatic trough was filled 
with dilute sulphuric acid, of the strength just 
described (863), and a gas jar, also filled with 
the acid, inverted in it.^ A plate of platina of 
nearly the same length, but about three times 
as wide as the zinc plates, was put up into this 
jar. The zinc plate A was also introduced into 
the jar, and brought in contact with the plat- 
ina, and at the same moment the plate B was 
put into the acid of the trough, but out of con- 
tact with other metallic matter. 

865. Strong action immediately occurred in 
the jar upon the contact of the zinc and platina 
plates. Hydrogen gas rose from the platina, 
and was collected in the jar, but no hydrogen 
or other gas rose from eUher zinc plate. In about 
ten or twelve minutes, sufficient hydrogen hav- 
ing been collected, the experiment was stopped ; 
during its progress a few small bubbles had ap- 
peared upon plate B, but none upon plate A. 
The plates were wash^ in distilled water, dried, 
and reweighed. Plate B weighed 148.3 grains, 
as before, having lost nothing by the direct 
chemical action of the acid. Plate A weighed 
154.65 grains, 8.45 grains of it having been 
oxidized and dissolved during the experiment. 

866. The hydrogen gas was next transferred 
to a water-trough and measured; it amounted 
to 12.5 cubic inches, the temperature being 52®, 
and the barometer 29.2 inches. This quantity, 
corrected for temperature, pressure, and mois- 
ture, becomes 12.15453 cubic inches of dry hy- 
drogen at mean temperature and pressure; 
which, increased by one half for the oxygen 
that must have gone to the anotk^ i.e., to the 
zinc, gives 18.232 cubic inches as the quantity 
of oxygen and hydrogen evolved from the wa- 
ter decomposed by the electric current, Ac^ 
cording to the estimate of the weight of the 
mixed gas before adopted (791), this volume is 
equal to 2.3535544 grains, which therefore is 
the weight of water decomposed ; and this quan- 
tity is to 8.45, the quantity of zinc oxidiz^, as 
9 is to 32.31. Now taking 9 as the equivalent 
number of water, the number 32.5 is given as 
the equivalent number of zinc; a coincidence 
sufficiently near to show, what indeed could 
not but happen, that for an equivalent of zinc 
oxidized an equivalent of water must be de- 
composed.* 

^ > The acid was left during a night with a smaU 
piece of unamalgamated zinc in it, for the purpose of 
evolving such air as might be inclined to separate, 
and bringing the whole into a constant state. 

* The experiment was repeated several times with 
the same results. 


composed. It is electrolyzed, i.e., is decomposed 
voltalcally, and not in the ordinary manner (as 
to appearance) of chemical decompositkms; 
for the oxygen appears at the anode and the 
hydrogen at the caJthode of the body under der 
composition, and these were in many parts of 
the experiment above an inch asunder. Again, 
the ordinary chemical affinity was not enough 
under the circumstances to effect the decom- 
position of the water, as was abundantly proved 
by the inaction on plate B; the voltaic current 
was essential. And to prevent any idea that the 
chemical affinity was almost sufficient to de- 
compose the water, and that a smaller curimt 
of electricity might, under the circumstances, 
cause the hydrogen to pass to the cathode^ 1 
need only refer to the results which I have giv- 
en (807, 813) to show that the chemical action 
at the electrodes has not the slightest influence 
over the qmntities of water or other substances 
decomposed between them, but that they are 
entirely dependent upon the quantity of elec- 
tricity which passes. 

868. What, then, follows as a necessary con- 
sequence of the whole experiment? Why, this: 
that the chemical action upon 32.31 parts, or 
one equivalent of zinc, in this simple voltaic 
circle, was able to evolve such quantity of elec- 
tricity in the form of a current, as, passing 
through water, should decompose 9 parts, or 
one equivalent of that substance; and consid- 
ering the definite relations of electricity as de- 
veloped in the preceding parts of the present 
paper, the results prove that the quantity of 
electricity which, being naturally associated 
with the particles of matter, gives them their 
combining power, is able, when thrown into a 
current, to separate those particles from their 
state of combination; or, in other words, ih&X 
the ekctricUy which decompom^ and that which 
is evolved by the decompoeition of, a certain qwm^ 
tUy of matter, are alike, 

869. The harmony which this theory of the 
definite evolution and the equivalent definite 
action of electricity introduces into the asso- 
ciated theories of definite proportions and elec- 
tro-chemical affinity, is very great. According 
to it, the equivalent weights of bodies are eimr 
ply those quantities of them which contain 
equal quantities of electricity, or have natural- 
ly equd electric powers; it teing the elbctei- 
ciTT which determinee the equivalent number, 
because it determines the combining force. Or, 
if we adopt the atomic theory or phraseology, 
then the atoms of bodies which are equivalents 
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to«adi-6t]K»kth^ ordiaa] 7 ,«himusal atstion 
|«V8 equal quantities of ^deciaicity nattmdly 
aasodated them. But I must confess Fam 
jealoos the tenn atom; for though it is very 
easy to talk of atoms, it is very difficult to form 
a dear idea of their nature, especially vh^ 
ocnnpound bodies are under condderation. 

870. 1 cannot refrain from recalling here the 
beautiful idea put forth, I bdieve, by Berse- 
Uus (703) in his devdopment of his views of 
the electro-chemical theory of affinity, that the 
heat and light evolved during cases of powers 
All combination are the consequence of the 
dectiic discharge which is at the moment tak- 
ing place. The idea is in perfect accordance with 
the vim I have taken of the quaniUy of dec- 
tridty associated with the particles of matter. 

871. In this exposition of the law of the defi- 
nite action of dectridty, and its corresponding 
definite proportion in toe partides of bodies, I 
do not pretmd to have brou^t, as yet, every 
ease of chemical or electro-chemical action un- 
der its dominion. There are numerous consid- 
erations of a theoretical nature, especially re- 
specting toe compound partides of matter and 
toe resulting electrical forces which they ought 
to possess, which I hope will gradually receive 
thdr devdopment^ and there are numerous ex- 
prainiental cases, as, for instance, those of com- 
pounds formed by weak affinities, toe simul- 
taneous decomposition of water and salts, &c., 
which still require investigation. But whatever 
(he results on these and numerous other points 
may be, I do not believe that toe facts which 
I have advanced, or evra ’toe general laws de- 
duced from them, willsuffer any serious change; 
imd they are of sufficient importance to justify 
todr publication, tiiough much may yet re- 
main imperfect or undone. Indeed, it is toe 
|N8t beauty our sdence, chsmistbt, that 
Mvancement m it, whether in a degree great 
oramaU^ instead of etoausting the subjects of 
research, opmis the doors to further'and more 
eboadant knowledge, overflowing with beauty 
and tttiltiyf to tium who mil be at toe easy 
pMsenaipi^ undmtaking its experimental 
toveetigation. 

872. The definite production of deetricity 
(868) in aasodSftiim with its definite action 


proves, I toink, toat the eurrent of dectridty 
in toe vdtaic {ffie is sustdned by chemical de- 
compositbn, or rather by cfarotdoal action, dnd 
not by contact only. But here, as dse^^ 
(857), I beg to reserve my opinion as to the real 
action of contact, not having yet been able to 
make up my mind as to whether it is an excit- 
ing cause of the currmit, or merdy necessary to 
allow of toe conduction of dectridty, other- 
wise generated, from one metal to toe other. 

873. But admitting that chemical action is 
the source of dectridty, what an infinitely small 
fraction o(.that which is active do We obtain 
and emiHoy in our voltaic batteries! pnc and 
platina wires, one-eighteenth of an iiuh in di- 
ameter and about half an mch long, dmped in- 
to dilute sulphuric add, so weak that It is not 
sensibly sour to the tongue, or scarcely to our 
most delicate test-papers, will evolvq more 
dectridty in one-twentieth of a minute (860) 
than any man would willingly allow to pass 
through his body at once. The chemical action 
of a grain of water upon four grdns of tine can 
evolve electricity equal in quantity to that of a 
powerful thunder-storm (868, 861). Nor is it 
merdy true that the quantity is active; it can 
be directed and made to perform its full equiv- 
alent duty (867, &o.). Is there not, then, great 
reason to hope and believe that, by a closer ex- 
perimental investigation of the principles which 
govern the development and action of this sub- 
tile agent, we shall be able to increase the pow- 
n of our batteries, or invent new instruments 
which shall a thousandfold surpass in energy 
those which we at present possess? 

874. Here for a while I must leave the con- 
sideration of the definite tdiemical action of dec* 
trieUy. But before I dismiss this series of ex- 
perimental Reaearchee, I would call to mind 
^t, in a former series, I showed the current of 
dectridty was also definite in its magnetic ao- 
tion (216, 366, 367, 376, 377) ; and, toough this 
result was not pursued to any extent, I have no 
doubt that toe success which has attended toe 
devdopment of the chemical effects is not more 
tim would aoeompany an inveetigation of toe 
magnetic phmromaia. 


Royal IneUtuHon, Deoember 31, 1838 
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f i. On Simple Vdiaic Cirdee 

875. The great question of the source of elec- 
tricity, in the voltaic pile has engaged the at- 
tention of so many eminent philosophers, that 
a man of liberal mind and able to appreciate 
their powers would probably conclude, although 
he might not have studied the question, that 
the truth was somewhere revealed. But if in 
pursuance of this impression he were induced 
to enter upon the work of collating results and 
conclusions, he would find such contradictory 
evidence, such equilibrium of opinion, such va- 
riation and combination of theory, as would 
leave him in complete doubt respecting what 
he should accept as the true int^retation of 
nature: he woidd be forced to take upon him- 
self the labour of repeating and examining the 
facts, and then use his own judgement on them 
in preference to that of others. 

876. Tl^ state of the subject must, to those 
who have made up thar minds on the matter, 
be my apology for entering upon its invwt^ 
tion. The views I have taken of the definite ac- 
tion of electricity in decomporing bodies (783), 
and the idaitity of tire power so used with the 
power to be overcome (855), founded not on a 
mere opinion or general notion, but on facts 
which, bang altogethanew, were to my mind 
precise and condusive, gave me, as I con- 
ceived, tiie power of examining question 
mth. advantages not before possessed any, 
and which mi^t oompausate, on my part, for 
the supaiar cleameas. and extait of int^eet <m 
Ihars.; Sudi are the conaderations have 
induced me to imppoeel mii^t hdp in deoidmg 
the question, and be able to lenda asristance 
in that peat service qf rembving 
edge. knowledgeis the early morning iig^t 

of es^ edyanciBg edinuse, and is essentbd to 
ilur deM(q^^t; but '^ man who is eni^tged 


in dispelling that which is deceptive in it, and 
revealing more clearly that which is true, is as 
useful m his place, and as necessary to tire gen- 
eral progress of the science, as he who first 
broke ti^ugh tire intdlectual darkness, and 
opened a pa& into knowledge before unknown 
to man. 

877. The identity of the force constituting 
the voltaic current or electrolytic agent, with 
that which holds the elements of electrolytes 
together (855), or in other words with chonical 
afiinity, seemed to indicate that the dectridty 
of the pile itself was merely a mode of exertkm, 
or exhibition, or existence of true chmAuA ac- 
tion, or rather of its cause; and I have conse- 
quoitly already smd that I agree with timse 
who believe that the supply of electiicity is due 
to ohemicd powers (857). 

878. But &e great questimi of whether it is 

ori^nally due to metallic contact or to chem- 
ical action, i.e., whetb« it is the first or the 
second which originates and determines the cu^ 
rent, was to me stfil doubtful; and the beauti- 
ful and simple experimmt with ama lgamated 
sine and platina, which I have described 
minutely as to its resdts (863, Ac.), did not de- 
ride the point ; for in that experiment the chem 
ical action does not take place witiwut tite war 
tact of the metals, and the metrilic cmitaet is 
inefficient without tire chemical action. Henoe 
rither mi^t be looked upon as the delerminiSQ 
cause of ^ current. ; 

879. 1 thrii^t it essentiri to deride this 
tion by thesimpIeBt posrible forms of appaai^‘ 
and e^QMriiiient, that no frilacy mi|^t he m 
advertmitly admitted. 1%e wril-known dffiS- ' 
riilty of effecting decomposition Hy ». 
pair of {dates, except in thefiufdexritingtiKiitiij 
into action (663), seemed to throw insurmOuat!* ’ 
able obstruction in the way of such experi- 

891 
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mente; but I remembered the easy decomposa- 
bility of the solution of iodide of potassium 
<316), and seeing no theoretical reason, if me- 
tellic contact was not easentialj why true eleo> 
tro-decomposition should not be obtained with- 
out it, even in a single circuit, I persevered and 
succeeded. 

880. A plate of zinc, about eight inches long 
and half an inch wide, was cleaned and bent in 
the middle to a right angle, (Pl.VII,iPi( 7 .f A 
plate of platina, about three inches long and 
half an inch wide, was fastened to a platina 
wire, and the latter bent as in the figure, 6. 
These two pieces of metal were arranged to- 
gether as delineated, but as yet without the 
vessel c, and its contents, which consisted of 
dilute sulphuric acid mingled .with a little nitric 
acid. At a: a piece of folded bibulous paper, 
moistened in a solution of iodide of potassium, 
was placed on the zinc, and was pressed upon 
by the end of the platina wire. When under 
these circumstances the plates were dipped in- 
to the acid of the vessel c, there was an imme- 
diate effect at x, the iodide being decomposed, 
and iodine appearing at the anode (663), i.e., 
against the end of the platina wire. 

881. As long as the lower ends of the plates 
remained in the acid the electric current con- 
tinued, and the decomposition proceeded at x. 
On removing the end of the wire from place to 
place on the paper, the effect was evidently 
very powerful; and on placing a piece of tur- 
meric paper between the white paper and zinc, 
both papers being moistened with the solution 
of iodide of potassium, alkali was evolved at 
the cathode (663) against the zinc, in propor- 
tion to the evolution of iodine at the anode. 
Hence the decomposition was perfectly polar, 
and decidedly dependent upon a current of 
electricity passing from the zinc through the 
acid to the platina in the vessel c, and back 
from the platina through the solution to the 
zinc at the pap^ x. 

882. That the decomposition at x was a true 
electrolytic action, due to a current determined 
by the state of things in the vessel c, and not 
dependent upon any mere direct chemical ac- 
tion of the zinc and platina on the iodide, or 
even upon any current which the solution of io- 
dide xnight by its action on those metals tend 
to form at x, was riiown, in the first place, by 
removing the vessel c and its acid from the 
plates, when all decfomposition at x ceased, and 
in the next by connecting the metals, either in 
or out of the acid, together, when d^omposi- 
tion of tile iodide at x occurred, but in amerss 


order; for now alkali appeared against the end 
of the platina wire, and the iodine passed to 
the zinc, the current being the contrary of what 
it was in the former instance, and produced di- 
rectly by the difference of action of the solu- 
tion in the paper on the two metals. The kx&ie 
of course combined with the zinc. 

883. When this experiment was made with 
pieces of zinc amalgamated over the whole sur- 
kce (863), the results were obtained with equal 
facility and in the same direction, even when 
only dilute sulphuric acid was contained in the 
vessel c (PI. VII, Fig, 1), Whichsoever end of 
the zinc was immersed in the acid, still the ef- 
fects were the same: so that if, for a moment, 
the mercury might be supposed to supply the 
metallic contact, the inversion of the amalgar 
mated piece destroys that objection. The use 
of unamdlgamated zinc (880) removes all pos- 
sibility of doubt.^ 

884. When, in pursuance of other views (930), 
the vessel c was made to contain a solution of 
caustic potash in place of acid, still the same 
results occurred. Decomposition of the iodide 
was effected freely, though there was no metal- 
lic contact of dissimilar metals, and the current 
of electricity was in the same direction as when 
acid was used at the place of excitement. 

885. Even a solution of common salt in the 
glass c could produce all these effects. 

886. Having made a galvanometer with plat- 
ina wires, and introduced it into the course of 
the current between the platina plate and the 
place of decomposition x, it was affected, giv- 
ing indications of currents in the same dh^ 
tion as those shown to exist by the chemical 
action. 

887. If we consider these results genersdly, 
they lead to very important conclusions. In 
the first place, they prove, in the most decisive 
manner, that metallic contact ie not neeesoarg 
for the production of the voltaic current. In the 

1 The following is a more striking mode of making 
the above elementary experiment. Prepare a plate of 
nine, ten or twelve inches long and two inches wide, 
and clean it thoroughly: provide also two discs Of 
dean platina, about one inch and a half in diameter: 
— dip three or four folds of bibulous paper into a 
strong solution of iodide of potassium, place thm 
on the clean sine at one end of the plate, and ^t on 
them one of the platina discs: finally dip similar foikte 
of paper or a piece of linen cloth into a 
equal parts nitric acid and water, and place it at 
other end of the sine plate with Ihe second wtma 
disc upon it. In this state of things no cbaiign 0% ti»S 
solution of the iodide will be perceptible.; but if„m 
two discs be connected by a: platina (or way btnei) 

surface beneath' is decgJy stainedmh ektped iodine. 

— i>« 0 . 1888 . ^ 
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next idaee; show a laoet extraordinaiy 
mutufld relation of the ehexzuoal i^Sdtiesof the 
Sx&i whudi sxxeUes the current, and the fluid 
which is 40epmpo9ed by It. 

888. For the purpose of simplifying the eon^ 
oderiition, let us take theexperiment with amal- 
gamated zinc. The metal so prepared exhibits 
im until the current can pass: it at the 
aaisne time introduces no new action, but mere- 
ly, r^oaoves an influence which is extraneous to 
those belonging either to the production or the 
effect of the electric curr^t under investiga- 
tion (1000) ; an influence also which, when pree- 
ent, tends only to confuse the results. 

889. Let two plates, one of amalgamated zinc 
and the other of platina, be plac^ parallel to 
each other (PL VII, Fig, 18), and introduce a 

.4rop of (fllute sulphuric acid, y, between them 
at one mid: there will be no sensible chemical 
action at that spot unless the two plates are 
connected somewhere else, as at P Z, by a body 
eapaUe of conducting electricity. If that body 
be a metal or certain forms of carbon, then the 
murrent passes, and, as it circulates through 
tiie fluid at y, decomposition ensues. 

890. Then remove the acid from y, and in- 
troduce a drop of the solution of iodide of po- 
tassium at « (PL VII, Fig. S). Exactly the same 
set of effects occur, except that when the me- 
tallio communication is made at P Z, the elec- 
tric current is in the opposite direction to what 
it was before, as is indicated by the arrows, 
which show the courses of the currents (667). 

891. Now both the solutions used are conduc- 

tors, but the conduction m them is essentially 
connected with decompotition (858) in a cer- 
tain constant order, and therefore the appear- 
ance of tile dements in certain places sham in 
what direction a current has passed when the 
aolutimis are thus employed. Moreover, we find 
tliat when they are at opposite ends of the 

ibtei, as in the last two experiments (889, 
89(0, metallic contact being allowed at the oth- 
ir extremities, the currents are in opposite di- 
mtions. We have evidently, thei^ore, the 
j^wer, of opposing the actions of the two fluids 
aimidtaneonsly to each other at the opposite 
CDods of the piatee, using each one as a conduc- 
tor for the discimrge of the current of electric- 

which the other temis to g^erate; in fact, 
lul^titating tbem^ metallic contact, and 
both expdipiOttte into one (PL VII, 
Under these drcuinatancee, there is an 
of farces: the fluid, which brings m- 
fik the stronger of affinities 

ziiio, (bring the dnuteadd), overcmnes 


tiie of the other^ and disterminea tim foi> 

mation and defection of the riectrie current; 
not merely making that current pass throu^ 
the weaker liquid, but actually reverting the 
tendency which the elements of the latter have 
in relation to the zinc and {datina if not thus 
counteracted, and forcing them in the contrary 
direction to that th^ are inclined to follow, 
that its own current may have free courte. If 
the dominant action at y be removed by mak- 
ing metallic contact there, then the liquid at x 
resumes its power; or if the metals be not 
brought into contact at y, but the affinities of 
the solution there weakened, whilst those ac- 
tive at X are strengthened, then the latW gains 
the ascendency, and the decompositions are 
produced in a contrary order. 

892. Before drawing a final conclusidn from 
this mutual dependence and state of the\chem- 
ical affinities of two distant portions of acting 
fluids (916), I will proceed to examine more mi- 
nutely the various circumstances under which 
the re-action of the body suffering decomposi- 
tion is rendered evident upon the action of the 
body, also undergoing decomposition, which 
produces the voltaic current. 

893. The use of metaUic contact in a single pair 
of plates, and the cause of its great superiority 
above contact made by other kinds of matter, 
become now very evident. When an amalga- 
mated zinc plate is dipped into dilute sulphuric 
acid, the force of chemical affinity exerted be- 
tween the metal and the fluid is not sufficient- 
ly powerful to cause sensible action at the sur- 
faces of contact, and occasion the decompo- 
sition of water by the oxidation of the metal, 
although it is sufficient to produce such a con- 
dition of the electricity (or the power upon 
which chemical affinity depends) as would pro- 
duce a current if there were a path open for 
it (916, 956) ; and that current would complete 
tiie conditions necessary, under the circum- 
stances, for the decomposition of the water. 

894. Now the presence of a piece of platina 
touching both the zinc and the fluid to be de- 
compost, opens tiie path required for the elec- 
tricity. Its direct conmtmicakon with the zinc 
is ritectual, far beyond any communication 
made between it and that metal (i.e., between 
the platina and zinc), by means of decompos- 
able conducting bodies, or, in other words; 
deetrolyks, as in the experiment already de- 
scribed (891) ; because, when Siey are used, the 
chmicai affinities between tibem and tiie zinc 

a contrary and opposing adiion to timt 

wfaidh is influoktial in the dfluteatflphukie 
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or H that action be but email, atill the affinity 
of their component parts for each other has to 
be overcome, for they cannot conduct without 
suffering decomposition; and this decomposi- 
tion is found expeninmUdly to react back upon 
the forces which in the acid tend to produce 
the current (904, 910, &c.), and in numerous 
cases entirely to neutralize them. Where direct 
contact of the zinc and platina occurs, these 
obstructing forces are not brought into action, 
and therefore the production and the circula- 
tion of the electric current and the concomitant 
action of decomposition are then highly fa- 
voured. 

895. It is evident, however, that one of these 
opposing actions may be dismissed, and yet an 
electrolyte be used for the purpose of complet- 
ing the circuit between the zinc and platina 
immersed separately into the dilute acid ; for if, 
in PI. VII, Fig. 1, the platina wire be retained 
in metallic contact with the zinc plate a, at 
Xf and a division of the platina be made else- 
where, as at s, then the solution of iodide placed 
there, being in contact with platina at both 
surfaces, exerts no chemical affinities for that 
metal; or if it does, they are equal on both sides. 
Its power, therefore, of forming a current in 
opposition to that dependent upon the action 
of the acid in the vessel c, is removed, and only 
its resistance to decomposition remains as the 
obstacle to be overcome by the affinities exert- 
ed in the dilute sulphuric add. 

896. This becomes the condition of a single 
pair of active plates where metallic contact is 
allowed. In such cases, only one set of opposing 
affinities are to be overcome by those which are 
dominant in the vessel c; whereas, when metal- 
lic contact is not allowed, two sets of opposing 
affinities must be conquered (894). 

897. It has been considered a difficult, and 
some an impossible thing, to decompose 

bodies by the current from a single pair of 
plates, even when it was so powerful as to heat 
bars of metal red-hot, as in the case of Hare's 
caloiimeter, arranged as a single voltaic drcuit, 
or of Wollaston’s powerful single pair of metals. 
This difficulty hi^ arisen altogether from the 
antagonism of the chemical affinity engaged in 
producing the current with the chemical affint- 
ity to be overcome, and depends entirely upon 
their relative intensity; ior when the sum of 
f orc^ in one has a (^ortain degree of superiority 
ovp the turn of forces in the other, the former 
sain the ascendency, detmnine eurrent, 
and overcome the latter so as to make the sub- 
atancem^rting iksm yidd up its el^nents m 


perfect accordance, both as to direotbn and 
quantity, with the course of those whidhi axe 
exerting the most intense and dominant aottom 

898. Water has generally been the substance, 
the decomposition of which has been sought for 
as a chemical test of the passage of an electric 
current. But I now began to perceive a reason 
for its failure, and for a fact which I had ob- 
served long before (315, 316) with regard to 
the iodide of potassium, namely, that bodies 
would differ in facility of decomposition by a 
given electric current, according to the condi- 
tion and intensity of their ordinary chemical 
affinities. This reason appeared in their reaction 
upon the affinitiee tending to cause the current: 
and it appeared probable, that many substances 
might be found which could be decomposed by 
the current of a single pair of zinc and platina 
plates immersed in dilute sulphuric acid, al- 
though water resisted its action. I soon found 
this to be the case, and as the experiments of- 
fer new and beautiful proofs of thedirect relation 
and opposition of the chemical affinities con- 
cerned in producing and in resisting the stream 
of electricity, I sh^ briefly describe them. 

899. The arrangement of the apparatus was 
as in PL VII, Fig. 6. The vessel v contained di- 
lute sulphuric acid; Z and P are the zinc and 
platina plates; a, 6, and c are platina wir^; the 
decompositions were effected at a;, and occa- 
sionally, indeed generally, a galvanometer waz 
introduced into the circuit at g: its place only 
is here given, the circle at g having no reference 
to the size of the instrument. Various arrange^ 
ments were made at x, according to the kind of 
decomposition to be effected. If a drop of liq- 
uid was to be acted upon, the two ends were 
merely dipped into it; if a solution contained 
in the pores of paper was to be decomposed, 
one of the extremities was connected with a 
platina plate supporting the paper, whilst the 
other extremity rested on the paper, e (PL VII, 
Fig. 12 ) : or sometimes, as with sulphate of soda, 
a plate of platina sustained two portions of pa» 
per, one of the ends of the wires resting upoi^ 
each piece, c (PL VII, Fig. H). The darts 

sent the direction of the electric current (667); 

900. Solution of iodide of potaesium^ 

ened paper, bting placed at the interruptU»ft of 
the circuit at x, was readily deccmipo^. 
dine was evolved at the anode, and alkali af |liw 
cathode^ of the decomposing body^ 

901. Protoehloride of wh^ aiid 
placed at x, was also re^y deoosqKsM 

ing perehloride tin at the anodp (779), axld 
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902. Fused chloride of silver, placed at x, was 
also easily decomposed; chlorine was evolved 
at the anode, and brilliant metallic silver, ei- 
ther in films upon the surface of the liquid, or 
in crystals beneath, evolved at the cathode. 

903. Water acidulated with sulphuric acid, 
solution of muriatic acid, solution of sulphate 
of soda, fused nitre, and the fused chloride and 
iodide of lead were not decomposed by this sin- 
gle pair of plates, excited only by dilute sul- 
phuric acid. 

904. These experiments give abundant proofs 
that a single pair of plates can electrolyze bod- 
ies and separate their elements. They also show 
in a beautiful manner the direct relation and 
opposition of the chemical affinities concerned 

^ at the two points of action. In those cases where 
the sum of the opposing affinities at x was suf- 
ficiently beneath the sum of the acting affini- 
ties in V, decomposition took place; but in those 
cases where they rose higher, decomposition 
was effectually resisted and the current ceased 
to pass (891). 

905. It is however, evident, that the sum of 
acting affinities in v may be increased by using 
other fluids than dilute sulphuric acid, in which 
latter case, as I believe it is merely the affinity 
of the zinc for the oxygen already combined 
with hydrogen in the water that is exerted in 
producing the electric current (919) : and when 
the affinities are so increased, the view I am sup- 
porting leads to the conclusion that bodies which 
resisted in the preceding experiments would 
then be decomposed, because of the increased 
(fifierence between their affinities and the acting 
affinities thus exalted. This expectation was 
fully confirmed in the following manner. 

906. A little nitric acid was added to the liq- 
uid in the vessel v, so as to make a mixture 
which I shall call diluted nitro-sulphuric acid. 
On repeating the experiments with this mix- 
ture, all the substances before decomposed 
again gave way, and much more readily. But, 
b^des that, many which before resisted elec- 
tiolyzation, now yielded up their elements. 
Thus, solution of sulphate of soda, acted upon 
in the interstices of litmus and turmeric paper, 
yielded acid at the anode and alkali at the 
cathode; solution of muriatic acid tinged by in- 
digo 3 delded chlorineat theanode and hydrogen 
at tl^e cathode; sdution of nitrate of silver yielded 
sUver at the cathode. Again, fused nitre and the 
^isediodideand chlorideof lead were decompos- 
able by the current of this single pair of plates, 

they were not by the former (903). 

907. A solution of acetate of lead was ap- 
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parently not decomposed by this pair, nor did 
water acidulated by sulphuric acid se^ at first 
to give way (973). 

908. The increase of intensity or power of the 
current produced by a simple voltaic circle, 
with the increase of the force of the chemical 
action at the exciting place, is here sufficiently 
evident. But in order to place it in a clearer 
point of view, and to show that the decompos- 
ing effect was not at all dependent, in the lat- 
ter cases, upon the mere capability of evolving 
more electricity, experiments were/ made in 
which the quantity evolved could b j increased 
without variation in the intensity ofUhe excit- 
ing cause. Thus the experiments in which di- 
lute sulphuric acid was used (899) were repeat- 
ed, using large plates of zinc and platipa in the 
acid; but still those bodies which resiiijted de- 
composition before, resisted it also under these 
new circumstances. Then again, where nitro- 
sulphuric acid was used (906), mere wires of 
platina and zinc were immersed in the exciting 
acid; yet, notwithstanding this change, those 
bodies were now decomposed which resisted 
any current tending to be formed by the dilute 
sulphuric acid. For instance, muriatic acid could 
not be decomposed by a single pair of plates 
when immersed in dilute sulphuric acid; nor 
did making the solution of sulphuric acid strong, 
nor enlarging the size of the zinc and platina 
plates immersed in it, increase the power; but 
if to a weak sulphuric acid a very little nitric 
acid was added, then the electiicity evolved 
had power to decompose the muriatic acid, 
evolving chlorine at the anode and hydrogen at 
the cathode, even when mere wires of metals 
were used. This mode of increasing the inten- 
sity of the electric current, as it excludes the 
effect dependent upon many pairs of plates, or 
even the effect of making any one acid strong- 
er or weaker, is at once referable to the condi- 
tion and force ©f the chemical affinities which 
are brought into action, and may, both in prin- 
ciple and practice, be considered as perfectly 
distinct from any other mode. 

909. The direct reference which is thus ex- 
perimentally made in the simple voltaic circle 
of the intensity of the electric current to the i«- 
teneity of the chemical action going on at the 
place where the existence and direction of the 
current is determined, Leads to the conclusion 
that by using selected bodies, as fused chlo- 
rides, salts, solutions of acids, &c., which may 
act upon the metals employ^ with different 
degrees of chemical force; and using also met* 
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als in association with platina, or with each 
other, which shall differ in the degree of chem- 
ical action exerted between them and the ex- 
citing fluid or electrol 3 rte, we shall be able to 
obtain a series of comparatively constant ef- 
fects due to electric currents of different inten- 
sities, which will serve to assist in the construc- 
tion of a scale competent to supply the means 
of determining relative degrees of intensity 
with accuracy in future researches.^ 

910. 1 have already expressed the view which 
I take of the decomposition in the experiment- 
al place, as being the direct consequence of the 
superior exertion at some other spot of the 
same kind of power as that to be overcome, 
and therefore as the result of an antagonism of 
forces of the same nature (891, 904). Those at 
the place of decomposition have a reaction up- 
on, and a power over, the exerting or determin- 
ing set pr6})ortionate to what is needful to over- 
come their own power; and hence a curious re- 
sult of resistance offered by decompositions to 
the original determining force, and conseciuent- 
ly to the current. This is well shown in the 
cases where such bodies as chloride of lead, io- 
dide of lead, and water would not decompose 
with the current produced by a single pair of 
zinc and i)latina plates in sulphuric acid (903), 
although they would with a current of higher 
intensity produced by stronger chemical pow- 
ers. In such cases no sensible portion of the cur- 
rent passes (9(57) ; the action is stopped; and I 
am now of opinion that in the case of the law 
of conduction which I described in the fourth 
series of these Researches (413), the bodies 
which are electrolytes in the fluid state cease 
to be such in the solid form, because the at- 
tractions of the particles by which they are re- 
tained in combination and in their relative po- 
sition, are then too powerful for the electric 
current.* The particles retain their places; and 
as decomposition is prevented, the transmis- 
sion of the electricity is prevented also; and al- 
though a battery of many plates may be used, 
yet if it be of that perfect kind which allows of 
no extraneous or indirect action (1000), the 
whole of the affinities concerned in the activity 
of that battery are at the same time also sus- 
pended and counteracted. 

911. But referring to the resistance of each 
single case of decomposition, it would appear 
that as these differ in force according to the af- 

* In relation to this difference and its probable 
oanse, see considerations on inductive polarisation, 
135^ &c.-i)ec. 1838. 

* Refer onwards to i70d.— Dee. 1838. 


finities by which the elements in the substance 
tend to retain their places, they also would 
supply cases constituting a series of degrees by 
which to measure the initial intensities of sim- 
ple voltaic or other currents of electiicity, and 
which, combined with the scale of intensities 
determined by different degrees of acting force 
(909) , would probably include a sufficient set of 
differences to meet almost every important case 
where a reference to intensity would be required. 

912. According to the experiments I have al- 
ready had occasion to make, I find that the 
following bodies are electrolytic in the order in 
which I have placed them, those which are first 
being decomposed by the current of lowest in- 
tensity. These currents were always from a sin- 
gle pair of plates, and may be considered as 
elementary voltaic forces. 

Iodide of potassium (solution) 

Chloride of silver (fused) 

Prt)tochloride of tin (fused) 

Chloride of lead (fused) 

Iodide of lead (fused) 

Muriatic acid (solution) 

Water, acidulated with sulphuric acid 

913. It is essential that, in all endeavours to 
obtain the relative electrolytic intensity neces- 
sary for the decomposition of different bodies, 
attention should be paid to the nature of the 
electrodes and the other bodies present which 
may favour secondary actions (986). If in elec- 
tro-decomposition one of the elements sepa- 
rated has an affinity for the electrode, or for 
bodies present in the surrounding fluid, then 
the affinity resisting decomposition is in part 
balanced by such power, and the true place of 
the electrolyte in a table of the above kind is 
not obtained: thus, chlorine combines with a 
positive platina electrode fieely, but iodine 
scarcely at all, and therefore I believe it is that 
the fused chlorides stand first in the preceding 
table. Again, if in the decomposition of water 
not merely sulphuric but also a little nitric acid 
be present, then the water is more freely de- 
composed, for the hydrogen at the cathode is 
not ultimately expelled, but finds oxygmi in 
the nitric acid, with which it can combine to 
produce a secondary result; the affinities op- 
posing decomposition are in this way dim^ 
ished, and the elements of the water can then 
be separated by a current of lower intensity. 

914. Advantage may be taken of this prin- 
ciple to interpolate more minute degrees into 
the scale of initial intensities already refened 
to (909| 911) t^nis there spokenof; for by com* 
biningtheforeepf acurrentconskinfinitsjintah 
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fiky, with themse of electrodes oonsistmg of mat* 
ter, havintg moreor less affinity for the elements 
evolved from the decomposing electrolyte, vari- 
ous intermediate degrees may be ob^ned. 

915. Returning to the consideration of the 
source of electricity (878, Ac.), there is another 
proof of the most perfect kind that metallic 
eontact has nothing to do with the production 
of electricity in the voltaic circuit, and further, 
that electricity is only another mode of the ex- 
^on of chemical forces. It is, the production 
of the electric spark before any contact of met- 
als is made, and by the exertion of pure and unr 
mixed chemical forces. The experiment, which 
will be described further on (956), consists in 
obtaining the spark upon making contact be- 
tween a plate of zinc and a plate of copper 
plunged into dilute sulphuric acid. In order to 
make the arrangement as elementary as pos- 
sible, mercurial surfaces were dismissed, and 
the contact made by a copper wire connected 
with the copper plate, and then brought to 
touch a clean part of the zinc plate. The elec- 
tric spark appeared, and it must of necessity 
have existed and passed h^ore the zinc and the 
wpper were in conlad. 

916. In order to render more distinct the 
principles which I have been endeavouring to 
establish, I will restate them in their simplest 
form, according to my present belief. The elec- 
tricity of the voltaic pile (856 note) is not de- 
pendent either in its migin or its continuance 
upon the contact of the metals with each other 
(880, 915). It IS entirely due to chemical action 
(882), and is proportionate in its intensity to 
tee intensity of the affinities concerned in its 
production (908); and in its quantity to the 
quantity of matter which has ^n chemically 
active during its evolution (869). This definite 
piroduction is again one of the strongest proofs 
teat the electricity is of chemical origin. 

917. As voUordectro-ffeneraiion is a case of 
mere temiical action, so voliOrelectro-^ecompo- 
sition is mmply a case of the preponderance of 
oUe set dbeaue&I affinities more powerful in 
teter nature, over anoteer set which are less 
powerful: and If tee instance of two opposing 
sets of such forces (891) be considered, and 
te^ mutual rdation and dependence borne in 
inkd,teere appears no' necessity for using, in 
rei9|)e<A to st^ cases, any other term than 
te^cal afiSmty (tecmj^ that of electricity 
tei|^ be^v^ conyrndehi), or Supposing any 

to be concamed in producing tee 


tsalio; for we may consider that the powers at 
the two places of action are in direct commun- 
ion and balanced against each other throu^ 
the medium of the metals (891), PI. VII, Fig. 4, 
in a manner analogous to that in which me- 
chanical forces are Wanced against each other 
by the intervention of the lever (1031). 

918. All the facts show us that that power 
commonly called chemical affinity, can be com- 
municated to a distance through the metals 
and certain forms of carbon; that the electric 
current is only another form of the forces of 
chemicAPaffiinity; that its i^wer is an propor- 
tion to the chemical affinities propucing it; 
that when it is deficient in force Jfc may be 
helped by calling in chemical aid, the want in 
the former being made up by an equivalent 
of the latter; that, in other words, forces 
termed chemical affinity and electricity^ are one 
and the same. 

919. When the circumstances connected with 
the production of electricity in the ordinary 
voltaic circuit are examined and comj)arcd, it 
appears that the source of that agent, always 
meaning the electricity which circulates and 
completes the current in the voltaic apparatus, 
and gives that apparatus power and character 
(947, 996), exists in the chemical action which 
takes place directly between the metal and the 
body with which it combines, and not at all in 
the subsequent action of the substance so pro- 
duced with the acid present.^ Thus, when zinc, 
platina, and dilute sulphuric acid are used, it is 
the union of the zinc with the oxygen of the 
water which determines the current; and though 
the acid is essential to the removal of the oxide 
so formed, in order that another portion of zinc 
may act on another portion of water, it does not, 
by combination with that oxide, produce any 
sensible portion of the current of electricity 
which circulates; for the quantity of electricity 
is dependent upon the quantity of zinc oxidized, 
and in definite proportion to it: its intensity is 
in proportion to the intensity of the chemical 
affinity of tee zinc for the oxygen under the cir- 
cumst^ces, and is scarcely, if at all, affected 
by the use of either strong or weak acid (908). 

920. Again, if zinc, platina, and muriatic 
acid are u^, tee diectricity appeans to be de- 
pendent upon tee affinity of the zinc for the 
chlorine, and to be circulated in exact propor- 
tion to the number of particles of zinc and 
telprine v^eh unite, bdng in fact an equiva- 
lent to them. 

t Wollaston, TramacU<ms,mt,iS^0r. 
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921, But in oonmdering this oxidation, or 
other direct action upon the metal itsdif , as 
the cause and source of the electric current, it 
is of the utmost importance to observe that 
oxygen or other body must be in a peculiar con- 
dition, namely, in the state of comhinatim; and 
not only so, but limited still further to such a 
state of combination and in such proportions 
as will constitute an electrolyte (823). A pair of 
zinc and platina plates cannot be so arranged 
in oxygen gas as to produce a current of elec- 
tricity, or act as a voltaic circle, even though 
the temperature may be raised so high as to 
cause oxidation of the zinc far more rapidly 
than if the pair of plates were plunged into di- 
lute sulphuric acid; for the oxygen is not part 
of an electrolyte, and cannot therefore conduct 
the forces onwards by decomposition, or even 
as metals do by itself. Or if its gaseous state 
embarrass the minds of some, then liquid chlo- 
rine may be taken. It does not excite a current 
of electricity through the two plates by com- 
bining with the zinc, for its particles cannot 
transfer the electricity active at the point of 
combination across to the platina. It is not a 
conductor of itself, like the metals; nor is it an 
electrolyte, so as to be capable of conduction 
during decomposition, and hence there is sim- 
ple chemical action at the spot, and no electric 
current.^ 

922. It might at first be supposed that a con- 
ducting body not electrolytic might answer as 
the third substance between the zinc and the 
platina; and it is true that we have some such 
capable of exerting chemical action upon the 
metals. They must, however, be chosen from 
the metals themselves, for there are no bodies 
of this kind except those substances and char- 
coal. To decide the matter by experiment, I 
made the following arrangement. Melted tin 
was put into a glass tube bent into the form of 
the letter V (PL VII, ^) , so as to fill the half 
of each limb, aiul two pieces of thick platina 
wire, p, w, inserted, so as to have their ends im- 
men^ some depth in the tin: the whole was 
then allowed to cool, and the ends p and w 
connected with a delicate galvanometer. The 
part of the tube at x was now reheated, whilst 

Ido not mean to affiim that no traces ctf eleotrio* 
xty ever ^pear in such Cases. What 1 mean is, that 
no electricity is evolved in any way, due or related 
to the oaoses which e^te voltaic electricity, or. xxro- 
portionata to them, That which does appear ooea^ 
i^cnahy is ihcf poaMble fraction of that which 

w aotiiutinatter coulo produce if arranged spaa to 
sot pro^h^ aot the one hundred thou- 
sand^, or ew iwrti md is very laoh- 

suy altogldher diltHWai in< its souros. 


the portion y was xetamed ood. The galvanom- 
eter TOS immediately influenced by the thep- 
mo-eleetiie current produced. The heat was 
steadily increased at x, until at last the tin and 
platina comluned there; aneffect which isknown 
to take place with strong ohemical action and 
high ignition; but not the slightest additional 
effect occurred at the galvanometer. No other 
deflection than that due to the thermo-electric 
current was observable the whole time. Hence, 
though a conductor, and one capable of exert- 
ing chemical action on the tin, was used, yet, not 
being an electrolyte^ not the slightest effect of 
an electrical current could be observed (947), 

923. From this it seems apparent tiiat the 
peculiar character and condition of an electro- 
lyte is essential in one part of the voltaic cir- 
cuit; and its nature being considered, good 
reasons appear why it and it alone should be 
effectual. An electrol 3 rte is always a compound 
body: it can conduct, but only whilst decom- 
posing. Its conduction depends upon its de- 
composition and the transmission of its parti- 
cles in directions parallel to the current; and so 
intimate is this connexion, that if their transi- 
tion be stopped, the current is stopped also; if 
their course be changed, its course and dir^ 
tion change with them; if they proceed in one 
direction, it has no power to proceed in any 
other than a direction invariably dependent on 
them. The particles of an dectrolytic body are 
all so mutually connected, are in such relation 
with each other through their whole extent in 
the direction of the current, that if the last is 
not disposed of, the first is not at liberty to 
take up its place in the new combination which 
the powerful affinity of the most active metal 
tends to produce; and then the current itself is 
stopped; for the dependencies of the curtent 
and the decomposition are so mutual, that 
whichsoever be originally determined, Le., the 
motion of the particles or the motion of the 
current, the other is invariable in its concomi- 
tant pr^uction and its rdation to it. 

924. Consider, then, water as an electrolyte 
and also as an oxkMng body. The aUraotion 
of the sine for the oxygen is greater, under the 
circumstances, than of the oxy^ for the 
hydrogen; but in combming with it, it tmide to 
throw into circulation a current of dleetttoi^ 
in a certain direction. This diiectfon isccmtolb- 
ent (as is fmmd by innumerable ea^>exiiaaDlH9 
with the trax&etor of the hydrog^^ the 
zinc towfuds tiie platina, and tjto toemto to 
theoppetoto i&ectioH of fiesh 

ihitina towards the sine; so toat m ctox^ 
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am pass in that one line, and, whilst it paBses, 
can consist with and favour the renewal of the 
conditions upon the surface of the zinc, which 
at first determined both the combination and 
circulation. Hence the continuance of the ac- 
tion there, and the continuation of the current. 
It therefore appears quite as essential that 
there should be an electroljrte in the circuit, in 
order that the action may be transferred for- 
ward, in a certain constant direction^ as that 
there should be an oxidizing or other body capa- 
ble of acting directly on the metal; and it also 
appears to be essential that these two should 
merge into one, or that the prindple directly 
active on the metal by chemical action should 
be one of the ions of the electrolyte used. 
Whether the voltaic arrangement be excited 
by solution of acids, or alkalies, or sulphurets, 
or by fused substances (476), this principle has 
always hitherto, as far as I am aware, been an 
onion (943); and I anticipate, from a consider- 
ation of the principles of electric action, that it 
must of necessity be one of that class of bodies. 

925. If the action of the sulphuric acid used 
in the voltaic circuit be considered, it will be 
found incompetent to produce any sensible por- 
tion of the electricity of the current by its com- 
bination with the oxide formed, for this simple 
reason, it is deficient in a most essential condi- 
tion; it forms no part of an electrolyte, nor is it 
in relation with any other body present in the 
solution which will permit of the mutual trans- 
fer of the particles and the consequent transfer 
of the electricity. It is true that, as the plane 
at which the acid is dissolving the oxide of zinc 
formed by the action of the water is in contact 
with the metal zinc, there seems no difficulty 
in considering how the oxide there could com- 
municate an electrical state, proportionate to 
its own chemical action on the acid, to the met- 
al, which is a conductor, without decomposi- 
tion. But on the side of the acid there is no 
substance to complete the circuit: the water, 
as water, cannot conduct it, or at least only so 
small a proportion that it is merely an incident- 
al and almost inappreciable effect (970); and 
it cannot conduct it as an electrolyte, because 
an electrol 3 rte conducts in consequence of the 
mtdual relation and action of its particles ; and 
nmther of the elements of the water, nor even 
file water itself, as far as we can perceive, are 
itms with respek to the sulphuiic acid (848).^ 

i It wili be seen that I here agree with Sir Hum- 
idify X3>avv, who has exoarimentaily supported the 
' that acids and dUkalies in oombimng do not 

modnee aoy eurrent of tieetricity. PhUosophieal 
wSmaeUanB, isae, p. 308. 
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926. This view of the secondary character of 
the sulphuric acid as an agent in the produc- 
tion of the voltaic current, is further confirmed 
by the fact that the current generated and 
transmitted is directly and exactly propor- 
tional to the quantity of water decomposed 
and the quantity of zinc oxidized (868, 991), 
and is the same as that required to decompose 
the same quantity of water. As, therefore, the 
decomposition of the water shows that the 
electricity has passed by its means, there re- 
mains na other electricity to be accounted for 
or to be referred to any action other than that 
of the zinc and the water on each other. 

927. The general case (for it includ^ the for- 
mer one [924]), of acids and bases, lijay theo- 
retically be stated in the following manner. Let 
a (PI. VII, Fig, 7), be supposed to be a^dry ox- 
acid, and b a dry base, in contact at c, and in 
electric communication at their extremities by 
plates of platina p p, and a platina wire w. If 
this acid and base were fluid, and combination 
took place at c, with an affinity ever so vigor- 
ous, and capable of originating an electric cur- 
rent, the current could not circulate in any im- 
portant degree; because, according to the ex- 
perimental results, neither a nor b could con- 
duct without being decomposed, for they are 
either electrolytes or else insulators, under all 
circumstances, except to very feeble and unim- 
portant currents (970, 986). Now the affinities 
at c are not such as tend to cause the dements 
either of a or 6 to separate, but only such as 
would make the two bodies combine together 
as a whole; the point of action is, therefore, in- 
sulated, the action itself local (921, 947), and 
no current can be formed. 

928. If the acid and base be dissolved in 
water, then it is possible that a small portion 
of the electricity due to chemical action may 
be conducted by the water without decompo- 
sition (966, 984) ; but the quantity will be so 
small as to be utterly disproportionate to that 
due to the equivalents of chemical force; will 
be merely incidental; and, as It does not in- 
volve the essential principles of the voltaic 
pile, it forms no part of the phenomena at pres- 
ent under investigation.* 

929. If for the oxacid a hydracid be substi- 
tuted (927)— as one analogous to the muriatic, 

< It wHl I trust be fully understood that in these 
investigations I am not professing to take an aooount 
of every small, inoidental, or barely possible effect, 
d^ndmit upon slight disturbShoes of the electric 
fluid during ohemioai action, but am seeking to di^ 
tinguish and identify tiiose aoticms tm which "the 
power of the voltaic battery essentially depends. 
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for instance*— tjben the state of things changes 
altogether, and a current due to the chemical 
action of the acid on the base is possible. But 
now both the bodies act as electrolytes, for it 
is only one principle of each which combine 
mutually — ^as, for instance, the chlorine with 
the metal — and the hydrogen of the acid and 
the oxygen of the base are ready to traverse 
with the chlorine of the acid and the metal of 
the base in conformity with the current and 
according to the general principles already so 
fully laid down. 

930. This view of the oxidation of the metal, 
or other direct chemical action upon it, being 
the sole cause of the production of the electric 
current in the ordinary voltaic pile, is sup- 
ported by the effects which take place when 
alkaline or sulphuretted solutions (931, 943) 
arc used for the electrolytic conductor instead 
of dilute sulphuric acid. It was in elucidation 
of this point that the experiments without me- 
tallic contact, and with solution of alkali as the 
exciting fluid, already referred to (884), were 
made. 

931. Advantage was then taken of the more 
favourable condition offered, when metallic 
contact is allowed (895), and the experiments 
upon the decomposition of bodies by a single 
pair of plates (899) were repeated, solution of 
caustic potassa being employed in the vessel v 
(PI, VII, Fig, S)y in place of dilute sulphuric 
acid. All the effects occurred as before: the gal- 
vanometer was deflected; the decompovsitions 
of the solutions of iodide of potassium, nitrate 
of silver, muriatic acid, and sulphate of soda 
ensued at x; and the places where the evolved 
principles appeared, as well as the deflection of 
the galvanometer, indicated a current in the 
same direction as when acid was in the vessel v; 
i.e., from the zinc through the solution to the 
platina, and back by the galvanometer and 
substance suffering decomposition to the zinc. 

932. The similarity in the action of either 
dilute sulphuric acid or potassa goes indeed far 
beyond this, even to the proof of identity in 
quantity as well as in direction of the electricity 
produced. If a plate of amalgamated zinc be 
put into a solution of potassa, it is not sensibly 
acted upon; but if touched in the solution by a 
plate of platina, hydrogen is evolved on the 
surface of the latter metal, and the zinc is oxi- 
dized exactly as when immersed in dilute sul- 
phuric acid (863). I accordingly repeated the 
experiment before described with weighed 
plates of zme (864, &c.), using however solu- 


tion of potassa instead of dilute sulphuric acid. 
Although the time required was much longer 
than when acid was used, amounting to thm 
hours for the oxidizement of 7.55 grains of 
zinc, still I found that the hydrogen evolved 
at the platina plate was the equivalent of the 
metal oxidized at the surface of the zinc. Hence 
the whole of the reasoning which was applica- 
ble in the former instance applies also here, the 
current being in the same direction, and its 
decomposing effect in the same degree, as if 
acid instead of alkali had been used (868). 

933. The proof, therefore, appears to me com- 
plete that the combination of the acid with the 
oxide, in the former experiment, had nothing 
to do with the production of the electric cur- 
rent; for the same current is here produced 
when the action of the acid is absent, and the 
reverse action of an alkali is present. I think it 
cannot be supposed for a moment that the al- 
kali acted chemically as an acid to the oxide 
formed; on the contrary, our general chemical 
knowledge leads to the conclusion that the or- 
dinary metallic oxides act rather as acids to the 
alkalies; yet that kind of action would tend to 
give a reverse current in the present case, if 
any were due to the union of the oxide of the 
exciting metal with the body which combines 
with it. But instead of any variation of this 
sort, the direction of the electricity was con- 
stant, and its quantity also directly propor- 
tional to the water decomposed, or the zinc 
oxidized. There are reasons for believing that 
acids and alkalies, when in contact with metals 
upon which they cannot act directly, still have 
a power of influencing their attractions for 
oxygen (941) ; but all the effects in these experi- 
ments prove, I think, that it is the oxidation of 
the metal necessarily dependent upon, and as- 
sociated as it is with, the electrolyzation of the 
water (921, 923) that produces the current; 
and that the acid or allmli merely acts as sol- 
vents, and by removing the oxidized zinc, al- 
lows other portions to decompose fresh water, 
and so continues the evolution or determina- 
tion of the current. 

934. The experiments were then varied by 
using solution of ammonia instead of solution 
of potassa; and as it, when pure, is like water, 
a bad conductor (554), it was occasionally 
improved in that power by adding sulphate of 
ammonia to it. But in all the cases the results 
were the same as before ; decomp<!)sitiDn8 of the 
same kind were effected, and the electric cur- 
rent producing these was in the same dii^on 
as in the e3q3erim6nts just described* 
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03& In, order to put tfae equal and diuHar 
action ,aeid and alkali to stronger proofs 
arrangemcHUts were made as in PL VII, Fig. 8; 
the gdass vessel A contained dilute sulphuric 
aeid, the corresponding glass vessel B solutbn 
of potassa, P P was a plate of platina dipping 
into both solutions, and Z Z two plates of amal*- 
gamated zinc connected with a delicate gal- 
vanometer. When these were plunged at the 
same time into the two vessels, there was gen- 
erally a first feeble effect, and that in favour of 
the alkali, i.e., the electric curient tended to 
pass through the vessels in the direction of the 
arrow, bdng the reverse direction of that which 
the acid in A would have produced alone: but 
the effect instantly ceased, and the action of 
the plates in the vessels was so equal, that, be- 
ing contrary because of the contrary position 
of the plates, no permanent current resulted. 

Occasionally a zinc plate was substi- 
tuted for the plate P P, and platina plates for 
the {dates Z Z; but this caused no difference in 
the results: nor did a further change of the 
middle plate to copper produce any alteration. 

937. As the op{)ositioii of electro-motive pairs 
of plates produces results other than those due 
to the mere difference of their independent ac- 
tions (1011, 1045), 1 devised another form of 
apparatus, in which the action of acid and 
alkali might be more directly compared. A cy- 
lindrical glass cup, about two inches deep with- 
in, an inch in internal diameter, and at least a 
quarter of an inch in thickness, was cut down 
themiddle into halves (PL VII, Fig. 9). A broad 
brass ring, larger in diameter than the cup, was 
supplied with a screw at onr^side; so that when 
this two halves of the cup were within the ring, 
and the screw was made to press tightly 
against the ^ass, the cup held any fluid put 
into it. Bibulous pa{)er of different degrees of 
pmneability was then cut into piec% of such a 
dize as to be easily introduced between the 
loosened halves of the cup, and served, when 
tho latter were tightoied again, to form a por- 
ous division down the middle of the cup, suffi- 
ci^t to keep any two fluids on opposite sides 
ol the paper from ming^g, except very slowly, 
and yd» allowing thm to act freely as one 
difctrolyte. The two upases thus produced I will 
odl the cdto A and B (PL VII, Fig. 10). This 
instrument I have found of most general appli- 
cation in the investigation of the relation of 
ifMds and metals amongst themselves and to 
other. By combining its use with that of 
it is easy to ascertain the 
|i||at»iiiof (me metal with two fluids, or of two 
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metals with oneihdd, or of two metalsand Wo 
fluids upon each otW. 

938. Dilute sulphuric acid, isp. gp*. 1.25, was 
put into the cell A, and a strong solution of 
caustic potassa into the cell B; they mingled 
slowly through the paper, and at last a thick 
crust of sul{^te of potassa formed on the side 
of the paper next to the alkali. A plate of clean 
platina was put into each cell and connected 
with a delicate galvanometer, but no electric 
current could be observed. Hence the contact Of 
acid with one platina plate, and alkali with the 
other, was unable to produce a current; nor 
was the combination of the acid with the alkali 
more effectiialf(925). 

939. When one of the platina plates v^s re- 
moved and a zinc plate substituted, either 
amalgamated or not, a strong electric cuWent 
was produced. But, whether the zinc weU in 
the acid whilst the platina was in the alkaa, or 
whether the reverse order were chosen, Uhe 
electric current was always from the zinc 
through the electrolyte to the platina, and 
back through the galvanometer to the zinc, 
the cun*ent seeming to be strongest when the 
zinc was in the alkali and the platina in the acid. 

940. In these experiments, therefore, the acid 
seems to have no power over the alkali, but, to 
be rather inferior to it in force. Hence there is 
no reason to suppose that the combination of 
the oxide form^ with the acid around it has 
any direct influence in producing the electric- 
ity evolved, the whole of which appears to be 
due to the oxidation of the metal (919). 

941. The alkali, in fact, is superior to the acid 
in bringing a metol into what is called the pos- 
itive state; for if plates of the same metal, as 
zinc, tin, lead, or copper, be used both in the 
acid or alkali, the electric current is from the 
alkali across the cell to the acid, and back 
tiirough the galvanometer to the alkali, as Sir 
Humphry Davy formerly stated.^ This current 
is so {)owerful, that if amalgamated zinc, or 
tin, or lead be used, the metal in the acid 
evolves hydrogen the moment it is placed in 
communication with that in the alkali, not 
from any direct action of the acid upon it, 
for if the contact be broken the action ceases, 
but because it is powerfully negative with 
regard to the metal in the alkali. 

942. The superiority of alkali is further 
proved by this, that if zinc and tin be used, or 
tin and lead, whichsoever metal is put into the 
alkali becomes positive, that in the acid being 

* ElementB of ChmUal PhiUwfphiUf p. 149; or 
omphietd Tnumetimu, 1826, p. 4(^ 
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k i&e iA&afi a ok-* 
wlikri; tkit i& kie scid tea^esiim k tiiie 
motolMc otatei, as far ao the keetrk ekr^t is 
coneemed* 

943. When sulphuretted solutions are us^ 
(%0> m illustration of the assertion, that it is 
the chemioal action of the metal and one of the 
tons of the associated electrolyte that produces 
all the electridty of the voltaic circuit, the 
proofs are still the same. Thus, as Sir Humphry 
Davy^has shown, if iron and copper be plunged 
into dilute acid, the current is from the iron 
through the liquid to the copper; in solution of 
potassa it is m the same direction, but in solu- 
tion of sulphuret of potassa it is reversed. In 
the two firk cases it is oxygen which combines 
with the iron, in the latter sulphur which com- 
bines with the copper, that produces the elec- 
tric current; but both of these are tons, eksting 
as such in the electrolyte, which is at the same 
moment suffering decomposition; and, what is 
more, both of these are antons, for they leave 
the electrol 3 rtes at their anodes^ and act just as 
chlorine, iodine, or any other anion would act 
which might have been previously chosen as 
that which should be used to throw the voltaic 
circle into activity. 

944. The following experiments complete the 
seiks of proofs of the origin of the electricity in 
the voltaic pile. A fluid amalgam of potassium, 
containing not more than a hundredth of that 
metal, was put into pure water, and connected 
through the galvanometer with a plate of plat- 
ma in the same water. There was immediately 
an electric current from the amalgam through 
the electrol 3 rte to the platina. This must have 
been due to the oxidation only of the metal, for 
there was neither acid nor alkali to combine 
with, or in any way act on, the body produced. 

945. Again, a plate of clean lead and a plate 
of platina were put into pure water. There was 
immediately a powerful current produced from 
the lead through the fluid to the platina: it was 
even intense enough to decompose solution of 
the iodide of potassium when mtroduced into 
the circuit in the form of apparatus already de- 
scribed (880) (PI. VII, Fig. 1). Herenoactionof 
add oraUeaiion the oxide formed from the lead 
could supply the eleotricity : it was due sc^ly 
to the oxi^tion of themetal. 

946. Ihere is no in eleotrick science 
wfakh seems to me of more importahce than 
thestateof the metals and the d^troljkc ooor 

« MeMlf p. 148 . 


duotbr k a dihifle kditaic ditmit 
the tx^mesat wfa^ meta&ie contact is fitd eom- 
jdeted. 0 clearly unddetood, 1 fed nodohtolt 
would supply us with a direct key to tiie kim 
under which the great variety of ^taic exdte^ 
ments, direct and inddental, occur, and opm 
out new Adds of research for our investiga- 
tion.* 

947. We seem to have the power of dedding 
to a certain extent in numerous cases of di«ni» 
cal alBBnity, (as of zinc with the oxygen of water, 
&C., Ac.) which of two modes of action ofthetA-^ 
tractive power shall be exerted (996). In the one 
mode we can transfer the power onwmds, and 
make it produce dsewhere its equivalent of 
action (867, 917) ; in the other, it is not trans- 
ferred, but exert^ wholly at the spot. The first 
is the case of volta-electric exdtation, the other 
ordinary chemical affinity: but both are chem- 
ical actions and due to one force or prindple. 

948. The general circumstances of the former 
mode occur in all instances of voltaiccurrents, 
but may be considered as in their perfect con- 
dition, and then free from those of the second 
mode, in some only of the cases; as in those of 
plates of zinc and platina in solution of potassa, 
or of amalgamate zinc and platina in dilute 
sulphuric acid. 

^9. Assuming it sufliciently proved, by the 
preceding experiments and considerations, that 
the electro-motive action depends, when zinc, 
platina, and dilute sulphuric acid are used, 
upon the mutual afiSnity of the metal zinc and 
the oxygen of the water (921, 924), it would 
appear that the metal, when alone, has not 
power enough, under the circumstances, to take 
the oxygen and expel the hydrogen from the 
water; for, in fact, no such action takes place. 
But it would also appear that it has power so 
far to act, by its attraction for the oxygen of 
the particles in contact with it, as to place the 
rimilar forces already active between these and 
the other particles of oxygen and the particles 
of hydrogen in the water, in a peculiar state of 
tension or polarity, and probably also at th0 
same time to throw those of its own particUn 
which arein contact with the water into a rim--' , 
ilar but opposed state. Whilst this state iis 
tained, no further cfa^e occurs; but whenK^ 
relieved, by completion of the circuit, in wBl^' 
case Ihe forces determined in opporitefikf^ 
tions, with respect to the zinc and 
lyte, are found exactly competent to neutittw 


* la ooaatxioa with part ci jthe vilri 
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e^eh otha*, then a senes of decompositions and 
reeompositions takes plac^ amongst the parti- 
cles of oxygen and hydrogen constituting the 
water, between the place of contact with the 
platina and the place where the zinc is active; 
these intervening particles being evidently in 
close dependence upon and relation to each 
other. The zinc forms a direct compound with 
those particles of oxygen which were, previous- 
ly, in divided relation to both it and the hydro- 
gen: the oxide is removed by the acid, and a 
fresh surface of zinc is presented to the water, 
to renew and repeat the action. 

950. Practically, the state of tension is best 
relieved by dipping a metal which has less at- 
traction for oxygen than the zinc, into the dilute 
acid, and making it also touch the zinc. The 
force of chemical affinity, which has been in- 
fluenced or polarized in the particles of the 
water by the dominant attraction of the zinc 
for the oxygen, is then transferred, in a most 
extraordinary manner, through the two metals, 
so as to re-enter upon the circuit in the electro- 
lytic conductor, which, unlike the metals in 
that respect, cannot convey or transfer it with- 
out suffering decomposition; or rather, prob- 
ably, it is exactly balanced and neutralized by 
the force which at the same moment completes 
the combinatbn of the zinc with the oxygen of 
the water. The forces, in fact, of the two parti- 
cles which are acting towards each other, and 
which are therefore in opposite directions, are 
the origin of the two opposite forces, or direc- 
tions of force, in the current. They are of neces- 
sity equivalent to each other. Being transferred 
forward in contrary directions, they produce 
what is called the voltaic current: and it seems 
to me impossible to resist the idea that it must 
be preceded by a state of tension in the fluid, 
and between the fluid and the zinc; the first 
consequence of the affinity of the zinc for the 
oxygen of the water. 

951. 1 have sought carefully for indications 
of a state of tension in the electrolytic conduc- 
tor;and conceiving that it might produce some- 
thing like structure, either before or during its 
discharge, 1 endeavoiired to make this evident 
by polmized light. A glass cell, seven inches 
loi^, one inch and a half wide, and six inches 
deep, had two sets of platina electrodes adapted 
to it, one set for ihe ends, and the other for the 
sides. Those for the aides were seven inches long 
l^.three inches high, and when in the cell were 
separated by a little frame of wood covered 
vr&h eaUeo; so that when made active by con- 
itexhm with a battery upon any solution in the 


ceU, the bubbles of gas lising from them did 
not obscure the central parts of the liquid. 

952. A saturated solution of sulphate of soda 
was put into the cell, and the electrodes con- 
nected with a battery of 150 pairs of 4-inch 
plates: the current of electricity was conducted 
across the cell so freely that the discharge was 
as good as if a wire had been used. A ray of 
polarized light was then transmitted through 
this solution, directly across the course of the 
electric current, and examined by an analysing 
plate; but though it penetrated seven inches of 
solution thus subject to the action of the elec- 
tricity, and though contact was sometimes 
made, somethiies broken, and occasicinally 
reversed during the observations, nol the 
slightest trace of action on the ray cou\d be 
perceived. 

953. The large electrodes were then removed, 
and others introduced which fitted the evm of 
the cell. In each a slit was cut, so as to aun 
the light to pass. The course of the polarized 
ray was now parallel to the current, or in the 
direction of its axis (517); but still no effect, 
under any circumstances of contact or dis- 
union, could be perceived upon it. 

954. A strong solution of nitrate of lead was 
employed instead of the sulphate of soda, but 
no effects could be detected. 

955. Thinking it possible that the discharge 
of the electric forces by the successive decom- 
positions and recompositions of the particles of 
the electrolyte might neutralize and therefore 
destroy any effect which the first state of ten- 
sion could by possibility produce, 1 took a sub- 
stance which, being an excellent electrolyte 
when fluid, was a perfect insulator when solid, 
namely, borate of lead, in the form of a glass 
plate, and connecting the sides and tlie edges 
of this mass with the metallic plates, sometimes 
in contact with the poles of a voltaic battery, 
and sometimes even with the electric machine, 
for the advantage of the much higher intensity 
then obtained, 1 passed a polarized ray across 
it in various directions, as before, but could not 
obtain the slightest appearance of action upon 
the light. Hence I conclude that notwithstand- 
ing the new and extraordinary state which must 
be assumed by an dectrolyte, either during de- 
composition (when a most enormous quantity 
of electricity must be traversing it), or in the 
state of tension which is assum^ as preceding 
decomposition, and which might be. supposed 
to be retained in the solid form of the electro* 
lyte, still it has no power of affecting a polar* 
ized ray of light; for no kind of structure or 
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tenfidoin (san in tMs way be readied evident. 

966. There is, however, one beautiful experi- 
mental proof of a state of tension acquired by 
the metals and the electrolyte before the dectrie 
current is produced, and before contact of the 
different metals is niade (915) ; in fact, at that 
moment when chemical forces only are efficient 
as a cause of action. 1 took a voltaic apparatus, 
consisting of a single pair of large plates, name- 
ly, a cylinder of amalgamated zinc, and a double 
cylinder of copper. These were put into a jar 
containing dilute sulphuric acid,^ and could at 
pleasure be placed in metallic communication 
by a copper wire adjusted so as to dip at the 
extremities into two cups of mercury connected 
with the two plates. 

957. Being thus arranged, there was no chem- 
ical action whilst the plates were not connected. 
On making the connexion a. spark was ob- 
tained,^ and the solution was immediately de- 
composed. On breaking it, the usual spark was 
obtained, and the decomposition ceased. In 
this case it is evident that the first spark must 
have occurred before metallic contact was 
made, for it passed through an interval of air; 
and also that it must have tended to pass 
before the electrolytic action began; for the 
latter could not take place until the current 
passed, and the current could not pass l^efore 
the spark appeared. Hence 1 think there is 
sufficient proof, that as it is the zinc and 
water which by their mutual action produce 
the electricity of this apparatus, so these, 
by their first contact with each other, were 
placed in a state of powerful tension (951), 
which, though it could not produce the actual 
decomposition of the water, was able to make a 
spark of electricity pass between the zinc and 
a fit discharger as soon as the interval was 
rendered sufficiently small. The experiment 
demonstrates the direct production of the 
electric spark from pure chemical forces. 

958. There are a few circumstances connected 
with the production of this spark by a single 
pair of plates, which should be known, to en- 
sure success to the experiment.’ When the 

^ When nitro-sulphurio aqid is used, the spark is 
more powerful, but local chemical action can then 
cmnmenoe, and proceed without requiring metallic 
contact. 

* It has been universally supposed that no spark 
is produced on making the contact between a single 
pair of plates. 1 was led to expect one from the con- 
siderations already advanced in this paper. The wire 
of communication should be short; for with a long 
wtre^ circumstances strongly affeeling the spark are 
introdpced. 

^See in re]|ition to precautions respecting a spark, 


mnalgamwted surfaces contact arequ^d^ 
and dry, the spark, on making conta<^, isqnile 
as brilliant as on breaking it, if not even more 
so. When a film of oxide or dirt was present at 
either mercurial surface, then the first 
was often feeble, and often failed, the breaking 
spark, however, continuing very constant and 
bright. When a little water was put over the 
mercury, the spark was greatly diminished in 
brilliancy, but very regular both on making 
and brealdng contact. When the contact was 
made between clean platina, the spark was also 
very small, but regular both ways. The true 
electric spark is, in fact, very small, and when 
surfaces of mercury are used, it is the combus- 
tion of the metal which produces the greater 
part of the light. The circumstances connected 
with the burning of the mercury are most fa- 
vourable on breaking contact; for the act of 
separation exposes clean surfaces of metal, 
whereas, on making contact, a thin film of 
oxide, or soiling matter, often interferes. Hence 
the origin of the general opinion that it is only 
when the contact is broken that the spark 
passes. 

959. With reference to the other set of cases, 
namely, those of local action (947) in which 
chemical affinity being exerted causes no trans- 
ference of the power to a distance where no 
electric current is produced, it is evident that 
forces of the most intense kind must be active, 
and in some way balanced in their activity, 
during such combinations; these forces being 
directed so immediately and exclusively to- 
wards each other, that no signs of the powerful 
electric current they can produce become ap- 
parent, although the same final state of things 
is obtained as if that current had passed. It 
was Berzelius, I believe, who considered the 
heat and light evolved in cases of combustion 
as the consequences of this mode of exertion of 
the electric powers of the combining particles. 
But it will require a much more exact and ex- 
tensive knowledge of the nature of electricity, 
and the manner in which it is associated wi’ft 
the atoms of matter, before we can understand 
accurately the action of this power in th^ 
causing their union, or comprehend the natule 
of the great difference which it presents in tiie 
two modes of action just distinguished. 'We 
may imagine, but such imaginations must let 
the time be classed with the great tnsasB of 
dotAtfvl knowledge (876) which we ou^t rather 
to strive to diminish than to increase; 
very extenrive contradictions of tins hrmwiedge 
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960. Of the two modes of actioxi io wimdi 
dliemml affimty is exerted, it is important to 
jj^emark that that which prodtioes die electric 
IXiimt is as definite ss%hB,t which causes ordi- 
naiy diemical combination; so that in exam- 
ining the production or evolution of electiidty 
ip icaees of combination or decomposition, it 
PdU be n^essary , not merely to observe cerfadn 
effects dependent upon a current of dectiieity, 
but also their quantity : and though it may often 
happen that the forces concerned in any par- 
ticular case of chemical action may be pii^y 
exerted in one mode and partly in the other, it 
is only those which are efficient in producing 
the current that have any relation to voltaic 
action. Thus, in the combination of oxygen 
and hydrogen to produce water, electric powers 
to*a most enormous amount are for the time 
active (661, 873) ; but any mode of examining 
the Same which they form during energetic 
combination, which has as yet been devised, 
has ipven but the feeblest traces. These there- 
fore may not, cannot, be taken as evidences of 
tiie nature of the action; but are merely inci- 
dental results, incomparably small in relation 
to the forces concerned, and supplying no m- 
fprmation of the way in which the particles are 
active on each other, or in which their forces 
are finally arranged. 

961. Ihat 8U(h cases of chemical action pro- 
duce no current of eleetricUyt is perfectly con- 
Bi^a3.t with what we know of the voltaic appa- 
ratus, in which it is essential that one of the 
ecmtnning elements shall form part of, or be in 
direct rdation vdth, an elecfrolytic conductor 
{621, 823), That such cases produce no free 
d^^kcity of tensiont and that when they are 
convert^ into cases of voltaic action they pro- 
fitoce a eui^nt in which the opposite forces are 
fo equal as to neutralize each oth^, prove the 
aq^iahiy of the forces in the opposed acting 
p8irtiielies;of matter, mid therefore the equality 

power in those quantities of matter 
are called electio-chemical equivalents 
jp^}% Bence another proof of the dc^te na- 
ture of ^elechro*^^ action (783, d;c.), and 

affinity fpi electricity are forms 
1 ^; the same power {817^ &c.}. 

! ffiS* The diiect.iefoience of the effects inth 
, hy the voltaic pile at the place of ex^- 

the chemical affinities 
liative at the place of excitation (891, 817), 
n very simple and natural view of the 
; to 1788^ eta 8^ 


<siiitiss^ why the^ (dr pass iti 

certain diredions; for itisoniy when they .pass 
in those diiections that tiiek forces can con^ 
with and oompensate (in direction at least) the 
superior forces which aredominant at the place 
where the action of the whole is determined. 
If, for instance, in a voltaic circuit, the activity 
of which is determined by the attraction of 
zinc for the oxygen of water, the zinc move 
from right to left, then any other cation in- 
cluded in the circuit, being part of an electro- 
l 3 rte, or forming part of it at the moment, will 
also move from right to left: and as the oxygen 
of the water, by its natural affinity for the zinc, 
moves front left to right, so any other body of 
the same class with it (i.e., any other <mum), 
under its government for the time, willWove 
from left to right. \ 

963. This 1 may illustrate by reference tip PL 
VII, Fig. 11, the double circle of which Imay 
represent a complete voltaic circuit, the dic- 
tion of its forces being determined by suppos- 
ing for a moment the zinc h and the platina c as 
representing plates of those metals acting upon 
water, d, e, and other substances, but having 
their energy exalted so as to effect several de- 
compositions by the use of a battery at a (989). 
This supposition may be allowed, because the 
action in the battery will only consist of repeti- 
tions of what would take place between b and 
e, if they really constituted but a single pair. 
The zinc b, and the oxygen d, by their mutual 
affinity, tend to unite; but as the oxygen is 
already in association with the hydrogen e, and 
has its inherent chemical or electric pow^s 
neutralized for the time by those of the latter, 
the hydrogen e must leave the oxyg^ d, and 
advance in the direction of the arrow head, or 
else the zinc b cannot move in the same dilu- 
tion to unite to the oxygen d, nor the oxygen d 
move in the contrary direction to unite to the 
zinc 6, the relation of the similar forces of b and 
e, in contrary directions, to the opposite forces 
of d being the preventive. As the hydrogen e 
advances, it, on coming against the platina c, 
/, which forms a part of the circuit, communi- 
cates its electric or chemical forces throu^ it 
to tiie next electrolyte in the circuit, toed 
chloride of lead, A, where the chlorine innst 
move in conformity with the direction of to 
o^gen at d, for it to to compensate the forces 
(tourbed in its part of the circuit by to su^ 
xior influent^ of those between to oxyfefi|Mi4 
zuic at d, aided as toy are by those of to 
battoy ?L^d for a similar reason to lead 
must move in to direction pointed ^ 



arrow lieadt that it 1 x 013 ^ be in lig^t relation to 
Ihefirst moving body of its own class, namdy, 
the tine 6 . U cot>per intervene tn the tircuit 
from t to ICf it nets as the platina did before; 
and if anotW tiectrolyte, as the iodide of tin, 
occur at f, m, th^ the iodine {, being an anions 
must move in conformity with the exciting 
amofif namely, the oxygen d, and the eaUon tin 
m move in correspondence with the oth» cat- 
ions bf 6 , and that the chemical forces may 
be in equilibrium as to their direction' and 
quantity throughout the circuit. Should it so 
l^ppen that the anions in their circulation can 
combine with the metals at the anodes of the 
respective electrolytes, as would be the case at 
the platina / and the copper k, then those bod- 
ies becoming parts of electrolytes, under the 
influence of the current, immediately travel; 
but considering their relation to the zinc b, it is 
evidently impossible that they can travti in 
any other direction than what will accord with 
its course, and therefore can never tend to pass 
otherwise than from the anode and to the 
cathode. 

964. In such a circle as that delineated, there- 
fore, all the known anions may be grouped 
within, and all the cations without. If any num- 
ber of them enter as ions into the constitution 
of electrolytes, and, forming one circuit, are si- 
multaneously subject to one common current, 
the anions must move in accordance with each 


binalitm*^ This statement I btiievetb^t^ ^tie; 
but in adndttiUg and supporting it, I niust 
guard myself from being supposed to assehife 
all that is associated with it in the two pap^ 
referred to, or as admitting the experiments 
which are there quoted as decided proofs of tiie 
truth of the principle. Had 1 thought them so, 
there would have been no occasion for this ba* 
vestigation. It may be supposed by some that 
I ought to go through these papers, disitin-* 
guishing what I admit from what 1 reject, and 
giving good experimental or philosophical 
reasons for the judgment in both cases. But 
then I should be equally bound to review, 
for the same purpose, all that has been writ- 
ten both for and against the necessity of 
metallic contact — ^for and against the origin 
of voltaic electricity in chemical action-^ 
duty which 1 may not undertake in the present 
paper.* 

% On the IrUensity Necessary for Electro- 
lyzation 

966. It became requisite, for the comprehend 
Sion of many of the conditions attending vol- 
taic action, to determine positively, if possible, 
whether electrolytes could resist the action of 
an electric current when beneath a certain in- 
tensity? whether the intensity at which tibe 
current ceased to act would be the same for all 


other in one direction, and the cations in the 
other. Nay, more than that, equivalent por- 
tions of these bodies must so advance in oppo- 
site directions: for the advance of every 32.6 
parts of the zinc b must be accompanied by a 
motion in the opposite direction of 8 parts of 
oxygen at d, of 36 parts of chlorine at g, of 126 
parts of iodine at h and in the same direction 
by electro-chemical equivalents of hydrogen, 
lead, copper and tin, at e, h, k, and m. 

965. If the present paper be accepted as a 
correct expression of facts, it will still only 


bodies? and also whether the electrolytes thus 
resisting decomposition would conduct the 
tiectric current as a metal does, after they 
Cease to conduct as electrolytes, or would act 
as perfect insulators? 

967. It was evident from the experiments 
described (904, 906) that different b^ies were 
decomposed with very different facilities, anil 
apparently that they required for their decorh- 
position currents of different intensities, reoM- 
ing some, but giving way to others. But it waC 
m^ui, by very careful and express exptii- 
ments, to determine whether a current could 


prove a confirmation of certain general views 
put forth by Sir Humphry Davy in his Bakerian 
Ldeture for 1806,^ and revised and re-stated 
by him in another Bakerian Lecture, on elec- 
trical and (Chemical changes^ for the year 1826.* 
His ^neiiti statement is, that ehemtcai and 
aitraetidns loere produced by the same 
cause, Ming in me case an partidss, in the other 
m misses, of niaitxf^emdikat^ 

Under d^erenf was the cause ^ M 

“ 07 .; 


really pass through and yet not decompose^^ . 
< electrolyte ^910). 

^ 1 - 

• IW., 1826 , p. 880 . 

« I at me, time intended to introduce, here, in||M 
form of a note, a table of reference to the papjetee^ 
tile differ^t philoeophere who have r«ferri^<meei!^ 
gin of the electrioity in the voltaic pile 
to ohemioti action, or to boih ; but on t^ 
of the flirat volume of M. Beequerel'e iaapoi^ 
tant and valuable TraUi de VEleetrioiti^,du Jffopttd-, 
tume, 1 thought it far better to refer to that work lor 
these Telereneea, and the views held by the authors 
quoted. Bee pages 86, 91. 104. lia liS. 117; 1^8, 
130, M, 162. 224, 327. 228, 230, 288, 252, 256, 257. 
268, 200, dbo.—Jujbr 8rd, 1884. 
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96& Ajel amageaineQt (PI. VII, Fig. 12) was 
made, in which two glass vessels contained the 
aame dilute sulphuric acid, sp. gr. 1.25. The 
plate z was amalgamated sine, in connexion, 
by a idatina wire a, with the platina plate e; h 
was a platina wire connecting the two platina 
plates P c was a platina wire connected 
with the platina plate P". On the plate e was 
placed a piece of paper moistened in solution of 
iodide of potassium: the wire c was so curved 
that its end could be made to rest at pleasure 
on this paper, and show, by the evolution of 
iodine there, whether a current was passing; 
or, being placed in the dotted position, it 
formed a direct communication with the plat- 
ina plate e, and the electricity could pass with- 
out causing decomposition. The object was to 
produce a current by the action of the acid on 
tho.amalgamated zinc in the first vessel A; to 
pass it through the acid in the second vessel B 
by platina electrodes, that its power of decom- 
posing water might, if existing, be observed; 
and to verify the existence of the current at 
pleasure, by decomposition at c, without in- 
volving the continual obstruction to the current 
which would arise from making the decomposi- 
tion there constant. The experiment, being ar- 
ranged, was examined and the existence of a 
current ascertained by the decomposition at e; 
the whole was then left with the end of the 
wire c resting on the plate c, so as to form a 
constant metallic communication there. 

969. After several hours, the end of the wire 
e was replaced on the test-paper at e: decom- 
position occurred, and the proof of a passing 
current was therefore compete. The current 
was very feeble compared to what it had been 
at the beginning of the experiment, because of 
a peculiar state acquired by the metal surfaces 
in the second vessel, which caused them to 
oppose the passing current by a force which 
possess under these circumstances (1040). 
Still it was proved, by the decomposition, that 
this state of the plates in the second vessel was 
not able entirely to stop the current deter- 
mined in the first, and that was all that was 
needful to be ascertained in the present inquiry. 

, 970. This apparatus was examined from time 
to time, smd an deetric current always found 
drcidating through it, until twelve days had 
elapsed, during which the water in the second 
vessel bad been constantly subject to its ac- 
Notwithstanding this lengthened period, 
adb die slightest appearance of a bubble upon 
of thz plates hi that vessel oocur^« 
pte#e results of (he mq^eriment, I conclude 


ihata current had passed, but of so low an in^ 
tenrity as to fall breath that degree at which 
the dements of water, unaided by any second- 
ary force resulting from the capability of com- 
bination with the matter of the electrodes, or 
of the liquid surrounding them, separated from 
each other. 

971. It may be supposed, that the oxygen 
and hydrogen had been evolved in such small 
quantities as to have entirely dissolved in the 
water, and finally to have escaped at the sur- 
face, or to have reunited into water. That the 
hydrogen can be so dissolved was shown in the 
first vessel; for^after several days minute, bub- 
bles of gas gradually appeared upon a glass rod, 
inserted to retain the zinc and platina ^art, 
and also upon the platina plate itself, and ihese 
were hydrogen. They resulted principallV in 
this way: notwithstanding the amalgamation 
of the zinc, the acid exerted a little direct 
tion upon it, so that a small stream of hydrogen 
bubbles was continually rising from its surface; 
a little of this hydrogen gradually dissolved in 
the dilute acid, and was in part set free against 
the surfaces of the rod and the plate, according 
to the well-known action of such solid bodies in 
solutions of gases (623, <&c.). 

972. But if the gases had been evolved in the 
second vessel by the decomposition of water, 
and had tended to dissolve, still there would 
have been every reason to expect that a few 
bubbles should have appeared on the electrodes, 
especially on the negative one, if it were only 
because of its action as a nucleus on the solu- 
tion supposed to be formed; but none appeared 
even after twelve days. 

973. When a few drops only of nitric acid 
were added to the vessel A (PI. VII, Fig. 12), 
then the results were altogether different. In 
less than five minutes bubbles of gas appeared 
on the plates P' and P" in the second vessel. 
To prove that this was the effect of the electric 
current (which by trial at e was found at the 
same time to be pas^ng), the connexion at e 
was broken, the plat^ P' P" cleared from bub- 
bles and leh in the acid of the vessel B, for 
fifteen minutes: during that time no bubbles 
appeared upon them; but on restoring the com- 
munication at e, a nunute did not elapse before 
gas appeared in bubbles upon the plates. The 
proof, therefore, is most full and complete, that 
the current excited by dilute sulphuric acid 
with a little nitric ncid in vessel A, has inten- 
sity enough to overcame the chemical afi^nity 
exerted between the oxygen and hydrogen of 
the water in the vessel B, whilst that excited 
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by dilute fidphurio ecid idone has noi sufficient 
intensity. 

974. On using a strong solution of caustic 
potassa in the vessel A, to excite the current, it 
was found by the decomposing effects at c, that 
the current passed. But it had not intensity 
enough to decompose the water in the vessel 
for though left for fourteen days, during the 
whole of which time the current was found to 
be passing, still not the slightest appearance of 
gas appeared on the plates P' P'', nor any other 
signs of the water having suffered decomposi- 
tion. 

975. Sulphate of soda in solution was then 
experimented with, for the purpose of ascer- 
taining with respect to it, whether a certain 
electrolytic intensity was also required for its 
decomposition in this state, in analogy with 
the result established with regard to water 
(974). The apparatus was arranged as in PI. 
VII, Fig. 13; P and Z are the platina and zinc 
plates dipping into a solution of common salt; 
a and 6 are platina plates connected by wires 
of platina (except in the galvanometer g) with 
P and Z; c is a connecting wire of platina, the 
ends of which can be made to rest either on the 
plates o, 6, or on the papers moistened in solu- 
tions which are placed upon them; so that the 
passage of the current without decomposition, 
or with one or two decompositions, was under 
ready command, as far as arrangement was 
concerned. In order to change the anodes and 
cathodes at the places of decomposition, the 
form of apparatus (PI. VII, Fig. 14) was occa^ 
sionally adopted. Here only one platina plate, 
c, was used; both pieces of paper on which de- 
composition was to be effected were placed 
upon it, the wires from P and Z resting upon 
these pieces of paper, or upon the plate c, ac- 
cording as the current with or without decom- 
position of the solutions was required, 

976. On placing solution of iodide of potas- 
sium in paper at one of the decomposing local- 
ities, and solution of sulphate of soda at the 
otlier, so that the electric current should pass 
through both at once, the solution of iodide 
was slowly decomposed, yielding iodine at the 
anode and alkali at the cathode; but the solu- 
tion of sulphate of soda exhibited no signs of 
decomposition, neither acid nor alkali being 
evolved from it. On placing the wires so that 
the iodide alcme was subject to the action of 
the current (900), it was quickly and powerful- 
ly decomposed ; but on arranging them so that 

sulphate of soda alone was subject to ac- 
tkiui it stall refused to yidd up its ^^ents. 


finally, the apparato was so arranged under 
a wet bdl-gla^, that it could be left for twelve 
hours, the current passing during the whole 
time through a solution of sulphate of soda, re- 
tained in its place by only two thicknesses of 
bibulous litmus and turmeric paper. At the 
end of that time it was ascertained by the de- 
composition of iodide of potassium at the sec- 
ond place of action, that the current was pass- 
ing and had passed for the twelve hours, and 
yet no trace of acid or alkali from the sulphate 
of soda appeared. 

977. From these experiments it may, I think, 
be concluded, that a solution of sulphate of 
soda can conduct a current of electricity, whidi 
is unable to decompose the neutral sdt pres- 
ent; that this salt in the state of solution, like 
water, requires a certain electrolytic intensity 
for its decomposition; and that the necessary 
intensity is much higher for this substance than 
for the iodide of potassium in a similar state of 
solution. 

978. 1 then experimented on bodies rendered 
decomposable by fusion, and first on chloride 
qf lead. The current was excited by dilute sul- 
phuric acid without any nitric acid between 
zinc and platina plates (PI. VII, Fig. 15), and 
was then made to traverse a little chloride of 
lead fused upon glass at a, a paper moistened 
in solution of iodide of potassium at b, and a 
galvanometer at g. The metallic terminations 
at a and b were of platina. Being thus arranged, 
the decomposition at b and the deflection at g 
showed that an electric current was passing, 
but there was no appearance of decomposition 
at a, not even after a metalMc communication 
at h was established. The experiment was re- 
peated several times, and I am led to conclude 
that in this case the current has not intensity 
sufficient to cause the decomposition of the 
chloride of lead; and further, that, like water 
(974), fused chloride of lead can conduct an 
dectric current having an intensity below that 
required to effect decomposition. 

979. Chloride of silver was then placed at a, 
Fig. 15, instead of chloride of lead. There was 
a very ready decomposition of the solution of 
iodide of potassium at h, and when metallic 
contact was made there, very considerable 
flection of the galvanometer needle eX g. JHat^ 
ina also appeared to be dissolved at the anode 
of the fused chloride at a, and there was every 
appearance of a decomposition having been in- 
fected there. 

980. A further proof of decompoitition was 
obtained in the following vmme. the {flatina 
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tike {aged chlori^^ 

my near ilQgether (m^tallte contact having 
hfacn establkd^ at 6), and left so; the deieo- 
tion at thegalvanometcsr indicated the passage 
of a currasit, feeble in its force, but constant* 
4fter a minute or two, however, the neecUe 
woidd suddenly be violently aSect^, and indi*^ 
cate a current as strong as if metallic contact 
had taken place at a. This I actually found to 
be the case, for the silver reduced by the action 
of the current crystallized in long delicate spio- 
ulsB, and these at last complete the metallic 
eonimunlcation; and at the same time that 
they tran^tted a more powerful current than 
the fused chloride, they proved that dectro- 
dmmical decomposition of that chloride had 
hem going on. Hence it appears, that the cur- 
rent excited by dilute sulphuric acid between 
vm, and platina, has an intensity above that 
required to electrolyze the fused chloride of sil- 
ver when placed between platina electrodes, al- 
^ough it has not intensity enough to decompose 
chlo^e of lead under the same circumstances. 

961* A drop of water placed at a instead of 
the fused chloridesi showed as in the former 
case (970), that it could conduct a current un- 
Hble to decompose it, for decomposition of the 
Solution of iodide at & occurred after some time. 
But its conducting power was much below that 
of ibe fused chloride of lead (978). 

, 982. Fused nitre at a conducted much better 
than water: 1 was unable to decide with cer- 
tainty whether it was electrolyzed, but I in- 
cline to think not, for there was no discolora- 
ti<m against the platina at the cathode. If sul- 
]^io-nitrio acid had been umd in the exciting 
vessel, both the nitre and the chloride of lead 
vrptdd have suffered deccnnposition like the 
wiftter(906). 

.v 983* The results thus obtained of conduction 
iliihout decomposition, and the necessity of a 
tiisrinm dectrdytic intensity for the separatitm 
of .^e tons of cMerent electrolytes, are imme- 
^tety connected with the experim^its and 
lO^ts given in § 10 of the Fourth Series of 
<418, 423, 444, 449). But it 
irill Inquire a more etmt knowl^ge of the nar 
tmeitf inteniuty, both as regards the first origin 
of:1heelec1mc ouz^ also the manner in 
wliicii it may be^reduc^, or lowered by the in- 
terventioC'^ icmgnP or i^orter portions of bad 
ie^uctors, deecmposable or not, be- 

tb^ relation can be minutely and fully 

the case of water, the experiments I 
li^fpyet made, appear to AcfW Ihrt, when 


tlie eimtm cmi^t is liOdtoced in 
low the point required for decomporiri|^ 
the d^ree of oo^uction is the same rnhstheae 
sulphuric acid, or any other of the many bodies 
which can affect its transferring power as an 
electrol 3 rte, are present or not. Or, in other 
words, that the necessary electrolytic intensity 
for water is the smne whether it be pure, or 
rendered a better conductor by the edition ot 
these substances; and that for currents of less 
intensity than this, the water, whether pure or 
acidulated, has equal conducting power. An 
apparatus (PI. VII, Fig, f e), was arranged with 
dilute sulphuric acid in the vessel A, and pure 
distilled waleV in the vessel B. By the (feoom- 
position at c, it appeaiod as if water w^a bet- 
ter conductor than dilute sulphuric aciduor a 
current of such low intensity as to cause im de- 
composition. I am inclined, however, to amrib- 
ute this apparent superiority of wato to TOri- 
ations in that peculiar condition of the platina 
diectrodes which is referred to farther on in 
this Series (1040), and which is assumed, as far 
as I can judge, to a greater degree in dilute 
sulphuric acid than in pure water. The power 
therefore, of acids, all^ies, salts, and other 
bodies in solution, to increase conducting 
power, appears to hold good only in those ci^ 
where the electrol 3 rte subject to the current 
suffers decomposition, and loses all influence 
when the current transmitted has too low an 
intensity to affect chemical change. It is prob- 
able that the ordinary conducting power of an 
electrolyte in the solid state (419) is the same 
as that which it possesses in the fluid state for 
currents, the tension of which is beneath the 
due electrolytic intensity. 

985. Currents of electricity, produced by less 
than eight or ten series of voltaic elements, can 
be reduced to that intensity at which wator 
can conduct them without suffering decompo- 
sitiion, by causing them to pass through three 
or four vessels in which water shall be succes- 
dvely intetposed between platina surfaces. The 
principles ^ interference upon which tins ef- 
fect depends, will be describe hereafter (10^ 
1018), but the effect may be useful in obtain- 
ing currents of standard intensity , and is prob- 
aUy applicable to batteries of any number of 
pairs of plates* 

986. As there appears ev^ reason to expeiot 

that aU eleetrdi]^ will be found subje^^t to 
the law which rs^dires an electric current ttfia 
certain mteornty; for their decomposition, bi^t 
tiiat they will from eadh othnr in the 4^ 
ffm of intadity it irill be dmMhh 





hereafter to arrax^ tl^ in a table, hx the or- 
der of thdr electrolytic intensities. Investigar 
lions on this point must, however, be very 
mucdi ex^nded include many mom' bodies 
than have be^ here mentioned before such a 
table can be constructed. It wiU be especially 
needful in such experiments, to describe the 
nature of the electrodes used, or, if possible, to 
select such as, like platina or plumtmgo in cer- 
tain cases, shdl have no power of assisting the 
separation of the torn to be evolved (913). 

987. Of the two modes in which b^es can 
transmit the electric forces, namely, that which 
is so characteristically exhibited by the metals, 
and usually called conduction, and that in which 
it is accompanied by decomposition, the first 
appears common to all bodies, although it oc- 
curs with almost infinite degrees of difference; 
the second is at present distinctive of the elec- 
trolytes. It is, however, just possible that it 
may h^eafter be extended to the metals; for 
their power of conducting without decompo- 
sition may, perhaps justly, be ascribed to their 
requiring a very high electrolytic intensity for 
their decomposition. 

9873^. The establishment of the principle 
that a certain electrolytic intensity is neces- 
sary before decomposition can be effected, is of 
great importance to all those considerations 
which arise regarding the probable effects of 
weak currents, such for instance as those pro- 
duced by natural thermo-electricity, or natural 
voltaic arrangements in the earth. For to pro- 
duce an effect of decomposition or of combina- 
tion, a current must not only exist, but have a 
certain intensity before it can overcome the 
quiescent affinities opposed to it, otherwise it 
will be conducted, producing no permanent 
chemical effects. On the other hand, the prin- 
ciples are also now evident by which an oppos- 
ing action can be so weakened, by the juxta- 
position of bodies not having quite affinity 
enough to cause direct action between them 
(913), a very w^ current shall be aUe 
to raise the sum of aettems sufficiently high, 
and cause chemical dianges to occur. 

9^. In c<mcluding this division on the 
sity necesBory f<rt MectrolyzaiUon, I cannot re&Sst 
pointing out following remarkable conclu- 
sion in rdatimi tointemfity generally. It Would 
appear that when a v<dtaic cdrrentisptqdnced, 
having a ceitain intenmtyi dependent uj^n the 
stren^ of the chemiek affinitiee by w^oh 
that current is excited (916), it can decompose 
a particular deetrolyte without relation to the 
quantity Of eiectri^ty passed, the tnfensfiy de- 


notl conclusion be confirmed, 
may ari:a^ chctunstances so that 
of electricily m pass'ih 
Hfiie, in at the earn szo/ooe, into the earn ^ 
composing body in the shtne stgte, and yet, dif* 
fering m intensity, wilt decompose in one eatie 
and in the other not: for taking a source of too 
low an intensity to decompose, and ascettaln- 
ing the quantity passed in a given time, it in 
easy to take another source having a suffideht 
intensity, and reducing the quantity of deo- 
tricity from it by the intervention of bad con- 
ductors to the same proportion as the formC]^ 
current, and then all the conditions will be fid- 
filled which are required to produce tite result 
described. 

IT iii. On Associated Voltaic Cirdes, or Firf- 
toic Battery 

989. Passing from the consideration of single 
circles (875, &c.) to their association (n the vd- 
taic battery, it iS a very evident consequence 
that if matters are so arranged that two sets of 
affinities, in place of being opposed to each 
other as in PL VII, Figs. 1, 4 (880, 891), are 
made to act in conformity, then, instead of 
either interfering with the other, it will ra^iher 
assist it. This is simply the case of two vdtaie 
pairs of metals arranged so as to form one cir- 
cuit. In such arrangements the activity of 
whole is known to be increased, and when te^ 
or a hundred, or any larger number of sudi al^ 
ternations are placed in conformable assoda^ 
tion with each other, the power of the whole be- 
comes proportionably exalted, and we obtain 
that magnificent instrument of philo^pMc 
research, the voltaic battery. 

990. But it is evident from the principles of 
definiteaction already laid down that the 

of electricity in the current cannot 
creased with the increase of the qxuzrUity of 
of oxidized and dissolved at eac^ new place of 
chemical action; A single pair of zinb and ptai- 
ina plates thiows as much electricity into ftb 
form of a current, by the oxidation of 32.^ 
grains of the zinc (868) as would be druula^; 
by the same alteration of a thousand 
t^t quantity, or nearly five pounds qf 
oxidii^ at ^ surface of the zme plaW a 
thousand pairs placed in regular battery 
For it is evident, that thcelectricity which'ptt^ 
es across the acid from the zinc to the phiitiaa 
in the first cell, and which has hem associated 
with, or even evolved by, the decoiUiiontion of 
a defifiie of water 
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{rom Ibe sine to the platina acrop ^ 
iM(4d in theeeoond cell, without the de^mposii*^ 
tioo of the same quantity of water thei:e, and 
Ihe oxidation of the same quantity of sine by 
it (924, 949). The same result recurs in every 
other cell; the electro-chemical equivalent of 
water must be decomposed in each, before the 
current can pass through it ; for the quantity of 
dectiicity passed and the quantity of electro^ 
lyte decomposed, mvst be the equivalents of 
each other. The action in each cell, therefore, 
is not to increase the quantity set in motion in 
eny one cell, but to aid in urging forward that 
quantity, the passing of which is consistent 
with the oxidation of its own zinc; and in this 
way it exalts that peculiar property of the cur- 
rent which we endeavour to express by the 
term intermty, without increasing the quantity 
ll^ond that which is proportionate to the quan- 
tity of zinc oxidized in any single cell of the 
series. 

991* To prove this, I arranged ten pairs of 
amalgamate zinc and platina plates with di- 
lute sulphuric acid in the form of a battery. On 
completing the circuit, all the pairs acted and 
evolved gas at the surfaces of the platina. This 
was collected and found to be alike in quantity 
for each plate; and the quantity of hydrogen 
evolved at any one platina plate was in the 
came proportion to the quantity of metal dis- 
sdved from any one zinc plate, as was given in 
the experiment with a single pair (864, &c.). It 
was therefore certain, that, just as much elec- 
tricity and no more had passed through the 
series of ten pair of plates as had passed through, 
or would have been put iifto motion by, any 
smgle pair, notwithst^ding that ten times the 
quantity of zinc had been consumed. 

992« This truth has been proved also long 
Sipp in another way, by the action of the evolved 
eurrent on a magnetic needle; the deflecting 
power of one pair of plates in a battery being 
Oqu84 to the deflecting power of the whole, 
provided the wires used sufficiently large to 
cairy current of the single pair freely; but 
eemse of this equality of action could not be 
^dersWl whilst the definite action and evo- 
futiem of deetridty (783, 869) remained un- 
]QK>wn< 

993. The supmor decomposing power of a 
biiftary over a single pair of plates is rendered 
^ment in two ways. Electrolytes held togeth^ 
er by affimty so i^rong as to resist the ac^ 

fe o^ the current from a single pair, yield up 
dements to the current excited by many 
that body which is djeKx>mpo^ by 


the action of one or of few pairs of metals, Ac., 
is resolved into its iom the more readily as it 
is acted upon by electricity urged forward by 
many alternations. 

994. Both these eSects are, I think, easily 
understood. Whatever intensUy may be, (and 
that must of course depend upon the nature of 
electricity, whether it consist of a fluid or flu- 
ids, or of vibrations of an ether, or any other 
kind or condition of matter), there seems to be 
no difficulty in comprehending that the degree 
of intensity at which a current of electricity is 
evolved by a first voltaic element shall be in- 
creased when that current is subjected, to the 
action of a Second voltaic element, acting in 
conformity and possessing equal powers with 
the first: and as the decompositions are merely 
opposed actions, but exactly of the sam4 kind 
as those which generate the current (917), it 
seems to be a natural consequence, that the af- 
finity which can resist the force of a single de- 
composing action may be unable to oppose the 
energies of many decomposing actions, oper- 
ating conjointly, as in the voltaic battery. 

995. That a body which can give way to a 
current of feeble intensity should give way 
more freely to one of stronger force, and yet 
involve no contradiction to the law of definite 
electrolytic action, is perfectly consistent. All 
the facts and also the theory I have ventured 
to put forth tend to show that the act of de- 
composition opposes a certain force to the pas- 
sage of the electric current; and, that this ob- 
struction should be overcome more or less read- 
ily, in proportion to the greater or less intensity 
of the decomposing current, is in perfect consis- 
tency with all our notions of the electric agent. 

996. I have elsewhere (947) distinguished 
the chemical action of zinc and dilute sulphur- 
ic acid into two portions; that which, acting 
^ectually on the zinc, evolves hydrogen at 
once upon its surface, and that which, produc- 
ing an arrangement of the chemical forces 
throughout the electrolyte present (in this 
case water), tends to take oxygen from it, but 
cannot do so unless the electric current conse- 
quent thereon can have free passage, and the 
hydrogen be ddivered elsewhere than against 
the zinc. The ^ectric current depends alto- 
gether upon the second of these; but when the 
current can pass, by favouring ^e electrolytic 
action it tends to diminish the former and in- 
crease the latter portion. 

997. It is evident, therefore, tiiat when or* 
dinary zinc is used in a voltaic arrangement, 
there is m mormous waste of that power which 
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it is the object to throw into the form of on 
electric current; a consequence which is put b 
its strongest point of view when it is consid- 
ered that three ounces and a half of sine, prop- 
erly oxidized, can circulate enough electricity 
to decompose nearly one ounce of water, and 
cause the evolution of about 2400 cubic inches 
of hydrogen gas. This loss of power not only 
takes place during the time the electrodes of 
the battery are in communication, being then 
proportionate to the quantity of hydrogen 
evolved against the surface of any one of the 
zinc plates, but includes also dll the chemical 
action which goes on when the extremities of 
the pile are not in communication. 

998. This loss is far greater with ordinary 
zinc than with the pure metal, as M. De la 
Rive has shown.^ The cause is, that when or- 
dinary zinc is acted upon by dilute sulphuric 
acid, portions of copper, lead, cadmium, or 
other metals which it may contain, are set free 
upon its surface; and these, being in contact 
with the zinc, form small but very active vol- 
taic circles, which cause great destruction of 
the zinc and evolution of hydrogen, apparent- 
ly upon the zinc surface, but really upon the 
surface of these incidental metals. In the same 
proportion as they serve to discharge or con- 
vey the electricity back to the zinc, do they 
diminish its power of producing an electric cur- 
rent which shall extend to a greater distance 
across the acid, and be discharged only through 
the copper or platina plate which is associated 
with it for the purpose of forming a voltaic ap- 
paratus. 

999. All these evils are removed by the em- 
plo 3 rment of an amalgam of zinc in the manner 
recommended by Mr. Kemp,^ or the use of the 
amalgamated zinc plates of Mr. Sturgeon (863), 
who has himself suggested and objected to their 
application in galvanic batteries; for he says, 
“Were it not on account of the brittleness and 
other inconveniences occasioned by the incor- 
poration of the mercury with the zinc, amal- 
gamation of the zinc surfaces in galvanic bat- 
teries would become an important improve- 
ment; for the metal would last much longer, 
and remain bright for a considerable time, even 
for several successive hours; essential consid- 
erations in the employment of this apparatus.’'* 

_ » Quatterly Journal of Seienoo, 1831. p. 388; or 
BMioth^e 1830* p. 391. 

^JatMOfm'o Edinburffh Journal^ October 1828. 

*Jieeent Experimental Reaearehes, p. 42, do. Mr. 
ntorgeoii is of course unaware of the definite pro- 
duction of electricity by cbemiofd action, and is in 
fact quoting the experiment as the strongest s^gu- 
Biint epBiiM the dfate of galvamstn. 


1000. Zinc so pr^ared^ even thou^isoipurei, 
does not sensibly decompose the watmrof (ffiute 
sulphuric acid, ^t stiU has such affinity for the 
oxygen, that the moment a metal wi^hy Ulb 
copper or platina, has little or no afil^ty, 
touches it in the acid, action ensues, and a pow- 
erful and abundant electric current is produced. 
It is probable that the mercury acts by brings 
ing the surface, in consequence of its fluidity, 
into one uniform condition, and preventing 
those differences in character between one spot 
and another which are necessary for the formar 
tion of the minute voltaic circuits referred to 
(998). If any difference does exist at the first 
moment, with regard to the proportion of zinc 
and mercury, at one spot on the sttrface, as 
compared with another, that spot having the 
least mercury is first acted on, and, by solution 
of the zinc, is soon placed in the same condi- 
tion as the other parts, and the whole plate 
rendered superficially uniform. One part can- 
not, therefore, act as a discharger to another; 
and hence all the chemical power upon the wa- 
ter at its surface is in that equable condition 
(949), which, though it tends to pioduoe an 
electric current through the liquid to another 
plate of metal which can act as a discharger 
(960), presents no irregularities by which any 
one part, having weaker affinities for oxygen^ 
can act as a discharger to another. Two excel- 
lent and important consequences follow upon 
this state of the metal. The first is, that the 
fvU equivalent of electricity is obtained for the 
oxidation of a certain quantity of zinc; the sec- 
ond, that a battery constructed with the zinc 
so prepared, and charged with dilute sulphuric 
acid, is active only whilst the electrodes 
connected, and ceases to act or be acted upon 
by the acid the instant the communication is 
broken. 

1001. 1 have had a small battery of ten pmrs 
of plates thus constructed, nnd am convinced 
that arrangements of this kind will be very im- 
portant, especially in the development and il- 
lustration of the philosophical principles of the 
instrument. The metals 1 have used are amal- 
gamated zinc and platina, connected iogeih^ 
by being soldered to platina wires, the whe^ 
apparatus having the form of the courowie dsC 
tasBes. The liquid used was dilute sulplu^ 
acid of sp. gr, 1,25. No action took placid 
the met^ exc^t when the H 

communication, and then the action 
zinc was cmly in proportion to theii^cc^poc^ 
tion in the experimentid ceB; forwhM theoUrr 
r^t was rotated there, it in 
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jdierlMyfitaqr^ wiwte.orihe ipoi!^ tbe 

, : l@02. Inr^ni^umce of tibia ciinnimatwiloei 
vibid addin &a cells remdned active for a very 
mUcb longer time than usual. In fact, time^did 
Mt im^ to lower it in any s^sible degree: for 
iMbibt Ibe metal was preserved to be acted upr 
on at the proper mom^t, the acid also was 
idaseoved almost at its first strength. Hence a 
:0cawtaney of action far beyond what ean be 
obtained by the use of comifion zinc. 

« 1008. Another excellent consequence was the 
renewal, during the interval of rest, between 
two experiments of the first and most , efficient 
state. When an amalgamated zinc and a plat- 
ina plate, immersed in dilute sulphuric acid, 
are first connected, the current is very power- 
ihil,' but instantly sinks very much in force, and 
ihscHne cases actually falls to only an eighth or 
a tenth of that first produced (1036). This is 
due to the acid which is in contact with the 
sinG becoming neutralized by the oxide formed ; 
the continued quick oxidation of the metal 
bring thus prevented. With ordinary zinc, the 
evolution of gas at its surface tends to mingle 
aU the Uquid together, and thus bring fresh 
arid against the metal, by which the oxide 
Earned there can be removed. With the amal- 
gamated zinc battery, at every cessation of the 
current, the saline solution against the zinc is 
gradually diffused amongst the rest of the liqr 
aid; and upon the renewal of contact at the 
riactrodes, the zinc plates are found most fa- 
vourably rircumstanced for the production of 
a, ready and powerful current. 

, i(X)4,Itmi^tatfirBtbeimaginedthatamal- 
l^sma^iad sine would be much inferior in force 
Iti) common zinc, because of the lowering of its 
which the mercury mi^t be supposed 
to occasion over the whole of its surface; but 
ji^ isvuiot the case. When the electric currents 
Cl iy^ipaira of platina and zmc plates were op- 
tjbe difference bring that oneof the zincs 
and the other not, ihc cur- 
rinc was most pow- 
f^ough im gas wan evolved against it, 
and mudh was evolved at tiie surface of tire 
me^. Again, as Davy has 
shuwn^i jf amalgamated and unamalgamated 
l^:}re put in jtsmbietjt and itipped into dilute 
jSul^A^o sridr <^;jbtiier.exeiting fluids, tire for- 
Is pQsitij^ to the latter, i.e., the current 
panes from amalgamated zinc, through the 

ffloid, to the unprepf^ rinc. This he accounts 
liar hy supposing that ^'jtirere is not any inher- 

p. 405. 
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gives it the riectrieal dbimeter,; but that it de^ 
pends upon its peculiaretate-^-on that form of 
aggregation whirii fits it for chemical change/? 

lOOfii The ffliperiority of the amalgamated 
rinc is not, however, due to any such cause, 
but is a very simple consequence of the state of 
the fluid in contact with it; for as the unpre- 
pared tine acts directly and alone upon the 
fluid, whilst that whirii is amalgamated does 
not, the former (by theoxideit pr^uces) quick- 
ly neutralizes the arid in contact with its sur- 
face, so that the progress of oxidation is retard- 
ed, whilst jsirjj. the surface of the amalgamated 
zinc, any oxide formed is instantly removed by 
the free acid present, and the clean metallic 
surface is always ready to act with full Wergy 
upon the water. Hence its superiority (U037). 

1006. The progress of improvement m the 
voltaic battery and its applications, is evident- 
ly in the contrary direction at present to what 
it was a few years ago; for in place of increasing 
the number of plates, the strength of acid, and 
the extent altogether of the instrument, the 
change is rather towards its first state of sim- 
plicity, but with a far more intimate knowl- 
edge and application of the principles which 
govern its force and action. Effects of decom- 
position can now be obtained with ten pairs of 
plates (417), which required five hundred or a 
thousand pairs for their production in the first 
instance. The capability of decomposing fused 
chlorides, iodides, and other compounds, ac- 
cording to the law before established (380, &e.), 
and the opportunity of collecting certain of the 
products, without any loss, by the use of ap- 
paratus of the nature of those already describe 
(789, 814, &c.), render it probable that the vol- 
taic battery may become a useful and even 
eccmomical manufacturing instrument ; for the- 
ory evidently indicates tlret an equivalent of a 
rare substance may be obtained at the expense 
of three or four equivalents of a very common 
body, namely, zinc: and practice seems tiius 
far to justify the expectation. In this point of 
view I think it very Ukely that plates of platina 
or rilver may be used instead of plates of cop- 
par with advantage, and that thesi the e^ 
arising ocoarionally from solution of the cop- 
par,anditspreei{ntationpn the sric (by which 
the electron^tive power of the zinc is so much 
injured) will be Avoided (1047); 

f iv. 

1007 , 1 haire iriready M 
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pleBt posisfble loim of ^experimenrt 
the reuMcmoe establiBhed at the p^iop of de^^ 
composition to the force active at tl^^^Kci^ng 
place. I purpose examimiig the effects of ihis 
resistance more generally; but it is rather with 
reference to their practical interference with 
the action and phdnomena of the voltaic bat* 
tery, than with any intention at this time to 
offer a strict and philosophical account of their 
nature. Their general and principal cause is 
the resistance of the chemical affinities to be 
overcome; but there are numerous other cir- 
cumstances which have a joint influence with 
these forces (1034, 1040, &c.), each of which 
would require a sfiinute examination before a 
correct account of the whole could be given. 

1008. As it will be convenient to describe the 
experiments in a form different to that in which 
they were made, both forms shall first be ex- 
plained. Plates of platina, copper, sine, and 
other metals, about three quarters of an inch 
wide and three inches long, were associated to- 
gether in pairs by means of platina wires to 
which they were soldered (PL VIII, Fig. 1), the 
plates of one pair being either alike or different, 
as might be required. These were arranged in 
glasses, Fig. so as to form Volta’s crown of 
cups. The acid or fluid in the cups never cov- 
ert the whole of any plate; and occasionally 
small glass rods were put into the cups, be- 
tween the plates, to prevent their contact. Sin- 
gle plates were used to terminate the series and 
complete the connexion with a galvanometer, 
or with a decomposing apparatus (899, 968, 
&c.), or both. Now if PI. VIII, Fig. S, be ex- 
amined and compared vdth Fig. 4f the latter 
may be admitted as representing the former in 
its simplest condition; for the cups I, II, and 
III of the former, with their contents, are 
represented by the cells I, II, and III of the 
latter, and themetal platesZ andPof the form- 
er by the similar plates represented Z and P in 
the latter. The only difference, in fact, between 
the apparatus, Fig. S, .and the trough repre* 
seated Fig. 4, is that twice the quantity 
prface of contact between the metal and acid 
is allowed in the first to what would occur in 
the second. 

1009. When the extreme plates of the ar- 

rangement just described (PI. VIII, Fig. S ) , are 
connected' metallically throu^ thegalvanmur* 
eter g, th«a the whole represents a battery con- 
sist^ of two pairs of me and phitina plates 
urgi^e. euitent. however, 

to wbter unassisted by my ffirect 

«am be tranmitted 


acrosrtbe cell III, and thercfoi^ before it can 
ciroulate.'^ThiB decompontion of water, ^whioh 
28 oppoted to tlm pasili^e of the currentt znay^ 
as a matter of convenience, be considered aa 
taking^lace either against the surfaces of tito 
two platina plates which ^ constitute the elec- 
trodes in the cell III, or against the two sun- 
faces of that platina plate which separates the 
cells II and III, Fig* 4, from each other. It is 
evident that if that plate were away, the bat- 
tery would consist of two pairs of plates and 
two cells, arranged in the most favourable po- 
sition for the production of a current. The plat- 
ina plate therefore, which being introduced as 
at Xf has oxygen evolved at one surface and hy- 
drogen at the other (that is, if the deemporing 
current passes) , may be considered as tiie cause 
of any bbstruetbn arising from the decompon- 
tion of water by the electrolytic action of the 
current: and I have usually called it tixe inter- 
posed plate. 

1010. In order to simplify the conditions, di- 

lute sulphuric acid was first used in all the ceOst, 
and platina for the interposed plates; for then 
the initial intensity of the current which tends 
to be formed is constant, being due to the pow- 
er which sine has of decomposing water; and 
the opposing force of decomposition is also 
constant, the elements of the water being un- 
assisted in their separation at the interposed 
plates by any affinity or secondary action at 
the electrodes (744), arising either from the 
nature of the plate itself or the surrounding 
fluid. i 

1011. When only one voltaic pair of and 
platina plates was used, the current bf elec- 
tiicity was entirely stopped to aU practical 
purposes by interposing one platina ]^te (PL 
VIII, Fig. 5), i.e., by requiring of the current 
that it i^ould decompose water, and evidve 
both its eleinents, before it should pass^ 1!his 
consequence is in perfect accordance with tbi^ 
views before given (910, 917, 973), For as ^ 
whole result depends upon the oppOsttiobloif 
forces at tire places of el^trio excitemeni 
electro-decompoisition, and as water is l^e 
stance to be d^mposed at both before ti$s 
current can move, it is not to be expected tiiiiiA ' 
the ainc should have such powerful attractiem 
for the oxyge^ as not only tobeatde'^InteM^ 
from itstassoeia^ hydrogen, but 

surplus of force as, passing to the eec^ad place 
of deoozapotition, should be there to efibet 
a second separation of the clemibto^of water. 
Such an effect would require tiutt the force of 
attraetkih between ainc and oxygm diould ush 
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der the cireuiidBtaiieee be a$ leesl tedee ae great 
as the f(»rce of attraction betmen the oxygen 
and hydrogen. 

1012. Wh&a two psdrs of sine and platina ex- 
citing plates were used, the current was also 
practically stopped by one interposed platina 
plate (PL VIII, Fig, 6 ) . There was a very feeble 
effect of a current at first, but it ceased almost 
immediately. It will be referred to, with many 
other similar effects, hereafter (1017). 

1013. Three pairs of zinc and platina plates 
(PI. VIII, Fig. 7 ) , were able to produce a current 
which could pass an interposed platina plate, 
and effect the electrolyzation of water in cell 
IV. The current was evident, both by the con- 
tinued defiection of the galvanometer, and the 
production of bubbles of oxygen and hydrogen 
at the electrodes in cell IV. Hence the accum- 
ulated surplus force of three plates of zinc, 
which are active in decomposing water, is more 
than equal, when added together, to the force 
with which oxygen and hydrogen are combined 
in water, and is sufficient to cause the separa- 
tion of these elements from each other. 

1014. The three pairs of zinc and platina 
plates were now opposed by two intervening 
platina plates (PI. VIII, Fig. 8) . In this case the 
current was stopped. 

1015. Four pairs of zinc and platina plates 
were also neutralized by two interposed plat- 
ina plates. Fig. 9, 

1016. Five pairs of zinc and platina, with 
two interposed platina plates. Fig. 10, gave a 
feeble current; there was permanent defiection 
at the galvanometer, and decomposition in the 
cells VI and VII. But the current was very 
feeble; very much less than when all the inter- 
mediate plates were removed and the two ex- 
treme ones only retained: for when they were 
placed six inches asunder in one cell, they gave 
a powerful current. Hence five exciting pairs, 
with two interposed obstructing plates, do not 
give a current at all comparable to that of a 
single unobstructed pair. 

1017. I have alret^y said that a very feeble 
currerU passed when the series included one in^ 
terposed platina and two pairs of zinc and 
platina plates (1012). A eii^larly feeble cur« 
rent pas^ in every case, and even when only 
erne exciting pair and four intervening platina 
plates were used (PL VIII, 11), a curr^t 
passed which could be detect^ at x, both by 
chemical action on the solutkm of Iodide of po^ 
tasimim, and by the galvanometer. This cur- 
rent 1 believe to be due to ^t^city reduced 
in h^ensity bebw the point requisite for the 


decompontion of water (970, 981); for water 
can conduct dectricity of such tow intenidty 
by the same kind of power which it possesses^ 
common with metals and charcoal, thotlgh it 
cannot conduct electricity of higher intenaty 
without suffering decomposition, and then op- 
posing a new force consequent thereon» With 
an electric current of, or under this intensity, 
it is probable that increasing the number of in- 
terposed platina plates would not involve an 
increased difficulty of conduction. 

1018. In order to obtain an idea of the addi- 
tional interfering power of each added platina 
plate, six voltaic pairs and four intervening 
platinas were arranged as in PL VIII, Fig. IB; 
a very feeble current then passed (986, 1017). 
When one of the platinas was removed so that 
three intervened, a current somewhat stronger 
passed. With two intervening platinas a still 
stronger current passed; and with only one in- 
tervening platina a very fair current was Ob- 
tained. But the effect of the successive plates^ 
taken in the order of their interposition, was 
very different, as might be expected; for the 
first retarded the current more powerfully than 
the second, and the second more than the thifd. 

1010. In these experiments both amalga- 
mated and unamalgamated zinc were used, but 
the results generally were the same. 

1020. The effects of retardation just describ- 
ed were altered altogether when changes were 
made in the nature of the liquid used between 
the plates, either in what may be called the ex- 
citing or the retarding cells. Thus, retaining the 
exciting force the same, by still using pure di- 
lute sulphuric acid for that purpose, if a little 
nitric acid were added to the liquid in the re- 
tarding cells, then the transmission of the cur- 
rent was very much facilitated. For instance, 
in the experiment with one pair of exciting 
plates and one intervening plate (lOll) (PL 
VIII, Fig. 5), when a few drops of nitric acid 
were added to the contents of cell II, then the 
current of electricity passed with considerable 
strength (though it soon fell from other causes 
[1036, 1040}), and the same increased effc^ 
was product by the nitric acid wh^ mafiy in- 
terposed plates were used. 

1021. This seems to be a consequence Of Ihe 
diminution of the difficfulty of deccan|xlSh^ 
water when its hydrogen, instead Of b^&|t 
solutely expelled, as in the former eases, is 
transferred to the oi^gen of the sMrie sdd^ 
producing a seconjdary result at the 

{7 Si ) ; to in accordance with ibe^emfCal VieWs 
of the etectric current and its adtidii ^dieady 





4 femtonoe lo d^mpo^itioii equal to the tm 
IMUOuut of the foroe of mutual attraction fae^ 
twe^ its oxygen and hydrogen, has that f^ioe 
e^mntometed in part^ and therefore diminiahed 
Jby the;attraction of the hydrogen at the caUir 
p^:fot the o:i^gen pf the nitric acid which sur- 
itninde it, and with which it ultimately com* 
j^unes instead of being evolved in its free state. 

1022. When a little nitric acid was put into 
the exciting cells, then again the circumstances 
fa^uring toe transmission of toe current were 
strengthened, for toe intemity of toe Current 
itosU was increased by toe addition (906).T^i6n 
therefore a httle nitric acid was added to both 
toe iSxdHnq and the retarding cells, toe current 
of : electricity passed with very considerable 
freedom. 

‘ *1023. When dilute muriatic acid was used, it 
produced and transmitted a current more eas- 
ily, than pure dilute sulphuric acid, but not so 
neadily as dilute nitric acid. As muriatic acid 
appears to be decomposed more freely than 
l^ter (765), and as toe affinity of zinc for 
ehicrine k very powerful, it might be expected 
to produce a curr^t more intense than that 
j^m tbe use of dilute sulphuric acid; and also 
to transmit it more freely by undergoing de- 
composition at a lower intensity (912). 

1024. In relation to toe effect of these inter- 
positions, it is necessary to state that they do 
not appear to be at all dependent upon the size 
of toe dectrodes, or their distance from each 
other in. toe add, except that when a current 
ioan pass, changes in thesq facilitate or retard 
its pa8sag6..Fo]^ on repeating the experiment 
wito pne interveniag and one pair of exciting 
|^tes<1011), n. VIII, Fig, 6^ and in place of 
to 0 < jntoposed plate P using sometimes a mere 
ffiiOf and sometimes very large plates. (1008), 
aiqd also changing toe terminal exciting plates 
|&4md P, so toat they were sometimes wires 
SS#.imd at others of great mze, still toe results 
mfso toe same as those already obtained. 

1025. In illustration of toe effect of distance, 

ep like toat described with two ex- 

.and (me intovening plate (1012), 
1^1, Fig. 6^ was arranged so that toe dien 
iu the third cell could 

8 |e increased to six or dght inches, or dimin'^ 
Ifdbediqthe.to^ miexyem^ 

pap^> 0till toe re^t was the same to 
cstoSf toa^efftot not being senstoly greati 
tu^psly separate by 
tow whcm a great way; apart; so 
i;toe i^cipal oppositioa to toe current to 


thk cese^aee iiettoopendi^^ guafitilgof 

intervening tosetidjitie but on toe 

reUxtionof ik dements to the intmeity 
rent, or to toe chwiicai nature, ctf toe dectrodes 
and the surroimdii]^ fluids. 

1026. 'When the add was, sulphuric add, in- 
creasing ite drength in any of toe cells caused 
no change in the effects; it did not produce a 
more intense current in the exdting c^ (908), 
or cause the currwt produced to traverse the 
decomposing cells more freely^ But if to very 
weak sulphuric acid a few drops of nitric add 
were added, then either one or otoer of those 
effects could^be produced; and, as might be ex- 
pected in a case like tibis, where the exciting or 
conducting action bore a dired referenc tto the 
add itself, increasing toe strength of 1 (toe 
nitric acid) also increased its powers. 

1027. The nature of the inierpoeed ; was 
now varied to show its relation to the pheVom- 
ena either of excitation or retardation, and 
amalgamated zinc was flrst substituted for 
platina. On employing one voltaic pair and one 
interposed zinc plate (PL VIII, Fig. IS), there 
was as powerful a current, apparently, as if toe 
interposed zinc plate was away. Hydrogen was 
evolved against P in cell II, and against^ toe 
side of the second zinc in cell I; but no gae ap- 
peared against toe side of toe zinc in cell II, 
nor against toe zinc in cell I. 

1028. On interposing two amalgamated zinc 
plates (PI. VIII, Fig. 14), instead of one, there 
was still a powerful current, but interference 
had taken place. On using three intermediate 
zinc plates. Fig. IS, there was still further re- 
tardation, though a good current of electricity 

1029. Conddering toe retardation as due to 

the inaction of toe amalgamated zinc upon the 
dilute acid, in ccmsequence of the slight though 
general effect of diminitoed chemical power 
produced by toe mercury on toe surface, and 
viewing tiiis inaction as toe circumstance which 
rendered it necessary that each plate should 
have its tendency to decbmpose water asskted 
slightly by the ekctrk current, it was expected 
that plates of the metal in the unimmlgamated 
state would probably .hot require fiuto asskt- 
ance, and.wouldioffer no sensible impediment 
to the pastor toe current. Tbk esipectation 
was fuUy resized in toe use of two and three 
int^posed unamalgamated plates. The dee* 
trie cuitentvpmned toio^ them as fMy as if 
tbere.bad bm such plates in toe way. They 
offered no because toayeoulddeomn* 

pciim watm.irifb^ emmt; and 
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whicV ^uid bave been active whether it had 
pasfl^ or not. 

1030. Interposed plates of co^^r were then 
employed. These seemed at first to occasion no 
obstruction, but after a few minutes the current 
almost entirely ceased. This ^ect appears due 
to the surfaces taMug up that peculiar condi- 
tion (1040) by which they tend to produce a 
reverse current; for when one or more of the 
plates were turned round, which could easily 
be effected with the ctywrmn/t des tosses form of 
experiment (PL VIII, Fig. S), then the current 
was powerfully renewed for a few moments, 
and then again ceased. Plates of platina and 
copper, arranged as a voltaic pile with dilute 
sulphuric acid, could not form a voltaic trough 
competent to act for more than a few minutes, 
because of this peculiar counteracting effect. 

1031. All these effects of retardation, exhib- 
ited by decomposition against surfaces for which 
the evolved elements have more or less affin- 
ity, or are altogether deficient in attraction, 
show generally, though beautifully, the chem- 
ical relations and source of the current, and 
also the balanced state of the affinities at the 
places of excitation and decomposition. In this 
way they add to the mass of evidence in favour 
of the identity of the two; for they demon- 
strate, as it were, the antagonism of the chenh 
ical potvers at the electromotive part with the 
chemicat powers at the interposed parts; they 
show that the first are producing electric ef- 
fects, and the second opposing them; they 
bring the two into direct rdation; they prove 
that either can determine the other, thus mak- 
ing what appears to be cause and effect con- 
vertible, and thereby demonstrating that both 
chemical and electrical action are merely two 
exhibitions of one single agent or power (916, 
&e.). 

1032. It is quite evident that as water and 


&e preeedhigiiet^ 
of these lisisardiea (793^ dob.). 

1033. 1 cannot dWfiiss this divisio]i Of: tbe 
present paper without making a reference ^ 
the important experiments of M. Aug. Dela 
Rive on the effects of interposal plates.^ As I 
have had occasion to eoninder such plates 

ly as giving rise to new decompositions, and ^ 
that way only causing obstruction to tho paa- 
sage of the dectric current, I was freed from 
the necessity of considering the peculiar effects 
described by that philosopher. I was the more 
willing to avoid for the present touching upon 
these, as I must at the same time have entered 
into the views of Sir Humphry Davy upon the 
same subject,^ and also those of Marianini* and 
Bitter,^ which are connected with it. 

f V. General Remarks on the Actim VoUaic 
Battery 

1034. When the ordinary voltaic .battery is 
brought into action, its very activity produces 
certain effects, which react upon it, and cause 
serious deterioration of its power. Theie render 
it an exceedingly inconstant instrument as to 
the quantity of dffect which it is capable of pro^ 
ducing. They are already, in parti known and 
understood; but as their importance, and that 
of certain other coincident results, will be more 
evident by reference to the principles and 
periments already stated and described, I have 
thought it would be useful, in this investigation 
of the voltaic pile, to notice them briefly here* 

1035. When the battery is in action, it causes 
such substances to be formed and arranged in 
contact with the plates as very much weaken 
its power, or even tend to pr^uce a counter 
current. Ihey are considered by Sir Humphry 
Davy as sufficient to account for the ph^com* 
ena of Ritteris secondary piles^ and also for the 
effects observed by M. A. De la Rive with in^ 
terposed platina plates.^ 


other electrolytes can conduct electricity with- 
out suffering decomposition (986), when the 
electricity is of sufficiently low intensity, it 
may not be asserted as ab^lutely true in all 
cases that whenever electricity passes through 
an electrolyte it produces a de^te effect of 
decomposition. But the quantity ol electricity 
which cfia pass in a given t^e throu^ an riec- 
trolyte without causing decomppsitioni is so 
pmll as to bear no compimson to that a^uired 
in a ease of v^ modmte deeonq^ti<m« and 
with el|ectrici^ above tire intenrity requited, 

for elec^^^aticmr t fmnd no.itonriUie 

departure as yet from the law of definite eko- 


1036. 1 have already referred to this conse^ 
quence (1008), as capable, in some cases, of 
lowering the force of &e cxxtmxi to on&eifihth 
or one-tentin of what it was at the first 
ment, and have met witii instances in 
interfeiwee was veiy great. In an 
in which one voltaic pair and one inMqpeli^ 
platina plate v^re us^ with dilute sulfflmiid 
add in cells (FL VIII, Fig. Id), timMkei^ 


I Anwdes de khitme, Vpl. tXVm, p. 190; spd' 
MinwimdeQMee. 
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eoimauiiieatiD& ime so ammged, that the end 
of that marked 3 could be placed at pleasure 
upon paper moistened in the solution of iodide 
of potassium at x, or directly upon the platina 
plate there. If, after an interval during which 
the circuit had not been complete, the wire 8 
were placed upon the paper, there was evi- 
dence of a current, decomposition ensued, 
and the galvanometer was affected. If the 
wire 3 were made to touch the metal of p, 
a comparatively strong sudden current was 
produced, affecting the galvanometer, but 
lasting only for a moment; the effect at the 
galvanometer ceased, and if the wire 3 were 
placed on the paper at x, no signs of decom- 
position occuri^. On raising the wire 3, and 
breaking the circuit altogether for a while, 
the apparatus resumed its first power, requir- 
ing, however, from five to ten minutes for this 
purpose; and then, as before, on making con- 
tact between 3 and p, there was again a mo- 
mentary current, and immediately all the ef- 
fects apparently ceased. 

1037, This effect I was ultimately able to re- 
fer to the state of the film of fluid in contact 
with the zinc plate in cell i. The acid of that 
film is instantly neutralized by the oxide form- 
ed; the oxidation of the zinc cannot, of course, 
go on with the same facility as before; and the 
chemical action being thus interrupted, the 
voltaic action diminislies with it. The time of 
the rest was required for the diffusion of the 
liquid, and its replacement by other acid. From 
the serious influence of this cause in experi- 
ments with single pairs of plates of different 
metals, in which I was at one time engaged, 
and the extreme care required to avoid it, 1 
cannot help feeling a strong suspicion that it 
interferes more frequently and extensively than 
e]q>erimenters are aware of, and therefore di- 
rect their attention to it. 

1038. In considering the effect in delicate 
experiments of this source of irregularity of 
action in the voltaic apparatus, it must be re- 
membered that it is ody that very small por- 
tion of matter which is directly in contact with 
the Qxidizable metal which 1^ to be oonsid- 
md with reference to the change of its nature; 
and tins portion is not very readily displaced 
&om its position upon the surface of the metal 
(fi82, 005), eepedally if that metal be rou^ 
and irregular. In illustration of this effect, I 
edll quote a remarkable experiment. A bum- 
itiied ii&tina plate ;(S09) was put into hot 

stdphuric aoi^ for an iizstant only: it 
wiu then put into distilled water, moved about 
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in it, taken out, and wiped diy : it was put into 
a second portion of distilled water, mov^ about 
in it, and apin wiped: it was put into a third 
portion of distilled water, in which it was moved 
aboutfornearlyeight seconds ;itwas then, with- 
out wiping, put into a fourth portion of distilled 
water, where it was allowed to remain five 
mitiuto. The two latter portions of water were 
then tested for sulphuric acid; the third gave 
no sensible appearance of that substance, but 
the fourth gave indications which were not 
merely evident, but abundant for the circum- 
stances under which it had been introduced. 
The resulf Efficiently shows with what diffi- 
culty that portion of the substance whmh is in 
contact with the metal leaves it; and as the 
contact of the fluid formed against the plate 
in the voltaic circuit must be as intimauB and 
as perfect as possible, it is easy to see\ how 
quickly and greatly it must vary from the'gen- 
eral fluid in the cells, and how influential in 
diminishing the force of the battery this effect 
must be. 

1039. In the ordinary voltaic pile, the influ- 
ence of this effect will occur in all variety of de- 
grees. The extremities of a trough of twenty 
pairs of plates of Wollaston^s construction were 
connected with the volta-electrometer, Pl.‘ VI, 
Fig, 11 (711), of the Seventh Series of these Re- 
searches^ and after five minutes the number of 
bubbles of gas issuing from the extremity of 
the tube, in consequence of the decomposition 
of the water, noted. Without moving the plates, 
the acid between the copper and zinc was agi- 
tated by the introduction of a feather. The 
bubbles were immediately evolved more rap- 
idly, above twice the number being produced 
in the same portion of time as before. In this 
instance it is very evident that agitation by a 
feather must have been a very imperfect mode 
of restoring the acid in the cells against the 
plates towards its first equal condition; and 
yet imperfect as the means were, they more 
than doubled the power of the battery. The 
fiTBi effect of a battery which is known to be so 
superior to the degree of action which the bat- 
tery can sustain, is almost entirely due to the 
favourable conddtiou of the acid in contact 
with the plates. 

1040. A second cause of diminution in the 
force of the voltaic battery, consequent upon 
its own action, is that extraordinary state of 
the surfaces of the metals (969) which was first 
described, I bdieve, by Ritter,^ to which hO re- 
fars the powers of his secondary piles, and which 

1 Journal de LVII, p. 349. 
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has been 80 weB experimented upon by JSfari- 
anini, and also by A. De la Rive. If tlm appa^ 
ratue, PL VIII, Fig. 16 (1036), be left in action 
for an hour or two, with the wire 3 in contact 
with the plate p, so as to allow a free passage 
for the current, then, though the contact be 
broken for ten or twelve minutes, still, upon its 
renewal, only a feeble current will pass, not at 
all equal in force to what might 1:^ expected. 
Further, if and P* be connected by a metal 
wire, a powerful momentary current will pass 
from P® to P^ through the acid, and therefore 
in the reverse direction to that produced by 
the action of the zinc in the arrangement; and 
after this has happened, the general current 
can pass throu^ the whole of the system as at 
first, but by its passage again restores the plates 
P* and P^ into the former opposing condition. 
This, generally, is the fact described by Ritter, 
Marianini, and De la Rive. It has great oppose 
ing influence on the action of a pile, especially 
if the latter consist of but a small number of 
alternations, and has to pass its current through 
many interpositions. It varies with the solu- 
tion in which the interposed plates are im- 
mersed, with the intensity of the current, the 
strength of the pile, the time of action, and es- 
pecially with accidental discharges of the plates 
by inadvertent contacts or reversions of the 
plates during experiments, and must be care- 
fully watched in every endeavour to trace the 
source, strength, and variations of the voltaic 
current. Its effect was avoided in the experi- 
ments already described (1036, &c.), by mak- 
ing contact between the plates P^ and P* be- 
fore the effect dependent upon the state of the 
solution in contact with the zinc plate was ob- 
served, and by other precautions. 

1041. When an apparatus like PL VIII, Fig. 
11 (1017) with several platina plates was used, 
being connected with a battery able to force a 
current through them, the power which they 
acquired, of producing a reversed current, was 
very considerable. 

1042. Weak and exhmated chargee should 
never be used at the same time with etrong and 
Sreeh ones in the different cells of a trou^, or 
the different troughs of a battery: the fluid in 
all the cells should be alike, else the plates in 
the weaker cells, in place of assisting, retard 
the passage of the electricity g^erated in, and 
transmitted across, the stronger cells. Each 
rinc plate so circumstanced has to be assisted 
in de^mposing power before the whole current 
can pass between it and the liquid. So that, if 
in a batt^ of fifty pairs of platesi ten of the 


erils contain a weakear charge than the oibem, 
it is as if toi decomposing plates w&ce oppCtsed 
to the transit of the eurr^ of forty pairs of 
generating plates (1031). Hence a seriotisloss 
of force, and hence the reason why, if the ten 
pairs of plates were removed, the remaini^ 
forty pairs would be much more powerful than 
the whole fifty. 

1043. Five similar troughs, of ten pairs of 
plates each, were prepared, four of them with a 
good uniform charge of acid, and the fifth with 
the partially neutralized acid of a used battery. 
Being arranged in right order, and connected 
with a volta^ectrometer (711), the whole My 
pairs of plates yielded 1.1 cubic mch of oxygen 
and hydrogen in one minute: but on moving 
one of the connecting wires so that <mly the 
four well-charged troughs should be included 
in the circuit, they produced with the same 
volta-electrometer 8.4 cubical inches of gas in 
the same time. Nearly seven-ei^tbs of the 
power of the four troughs had been lost, there** 
fore, by their association with the fifth trough. 

1044. The same battery of fifty pairs of 
plates, after being thus used, was connects 
with a volta-electrometer (711), so that by 
quickly shifting the wires of communication, 
the current of the whole of the battery, or of any 
portion of it, could be made to pass through 
the instrument for given portions of time in 
succession. The whole of the battery evolved 
0.9 of a cubic inch of oxygen and hydrogen in 
half a minute; the forty plates evolved 4.6 cu- 
bic inches in the same time; the whole then 
evolved 1 cubic inch in the half-minute; the 
ten weakly charged evolved 0.4 of a cubic inch 
in the time given : and finally the whole evolved 
1.15 cubic inch in the standard time. The order 
of the observations was that given : the results 
sufficiently show the extremely injurious effect 
produced by the mixture of strong and weak 
charges in the same battery.^ 

1045. In the same manner associations of 
strong and weak pairs of plates should be care* 
fully avoided. A pair of copper and plarina 
plates arranged in accordance wi^ a pair of 
zinc and platina plates in dilute sulphuric acidt 
were found to stop the action of the latter, er 
even of two pairs of the latter, as effectually 
almost as an interposed plate of platina {1011), 
or as if the copper itself had b^n idatina. 

in fact, becax^ an interposed d^omporing 

» The gradual inoreaae in the aetian of the Ufhole 
fifty pairs of plates was due to the elevatjon of tesoh* 
perature in the weakly ohargisd trough tw the pas- 
sage of i^eduiTent. in eonsequenee of whmh thed)^ 
ddng energies of the fluid mthin wem ittoreased* „ 
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idbta, and tfumlm a iwtainBiig inake^ 
asfliatbgpatr* 

1046. The reversal, by accident or otherwiee^ 
pliB^ in a battery has an exeeedymgly 

^ajuiionia It is not merely the counter** 
action of the curr^t which the reversed idatee 
can produce, but their effect also in retard* 
ing even as indifferent plates, mid requiring 
d^mposition to be effected upon their sur* 
face, in accordanee with the course of the 
eurrent, before the lattmr can pass. They op* 
pose the current, therefore, in the first place, 
as intezposed platina plates would do (1011*— 
1018); and to this they add a force of oppo- 
siticm as counter-voltaic plates. I find that, 
in a series of four pairs of sine and platina 
plates in dilute sulphuric acid, if one pair be 
reversed, it very nearly neutralises the power 
ttt the whole. 

1047. There are many other causes of re- 
action, retardation, and irregularity in the vol- 
ts^ battery. Amor^ them is the not unusual 
one of precipitation of copper upon the zinc in 
the cells, tlm injurious effect of which has be- 
fore beaoL adverted to (1006). But their interest 
is not perhaps sufficient to justify any increase 
of the length of this paper, which is rather in- 
tmded to be mi investigation of the theory of 


the voItueiOe apartkrtilmaeeoiii^^^^ 
piaeticai a^hcation.^ 

Note. Many of the views and experiments in 
this series of my Experimenkil Esssartiyes will 
be seen at once to be corrections and extenrions 
of the theoiy of electro-chemioal decomposi- 
tion, given in the fifth and sevmith teries of 
these Research/^. The expressions I would now 
alter are those which concern the independence 
of the evolved elements in rdation to the pbles 
or dectrodes, and the reference of their evolu- 
tion to powers entirdy intemd (524, 537, 661). 
The present paper fully shows my present 
views: and f would refer to paragraph 891, 
904, 910, 917, 918, 947, 963, 1007, 103ll&c., as 
stating what they ai*e. 1 hope thk note^ll be 
considered as sufficient in the way of cornsetion 
at present; for I would rather defer revisi^ the 
whole theory of electro-chemical decomposi- 
tion until 1 can obtain clearer views of the way 
in which the power under consideration can 
appear at one time as associated with particles 
giving them their chemical attraction, and at 
another as free electricity (493, 957). — ^M. F. 

Royal Instituiion, March 31, 1834 

>For further practical results relating to these 
points of the phuosophy of the voltaic battery^ Bee 
S^es X, 1 17, 1160-1168.— l>se. 1838. 
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§ IS. On the Infinence by Indtu^on of an Electrie Current on itself : — 
and on the Induttwe Action of Electric Currents Generally 
' Reodvtid December 18, 1834, Bead Jamiary 29, 1835 


184S. Thb f(Aowit% inYestigatioiiB rdate to a 
treiy nmaii^^btomdaotiveaetion of deotriecur- 
«id)ta,or«^iliediffa«iatpartBof'&eBameoQTrent 
)C74), and indicate an immediate connexion be* 
ti«n^intdibidactiveacti<mandthedirecttrans- 
tidaiioa of dectiieity iiiTOU^ cmidacting bod- 


ends of the wire be grasped one in each hand. 

1050. Anotha ^ect is observed at the same 
time, which has long been known to philoso- 
phers, namdy, that a bright electric spark 
oceure at the fdaoe of disjunction. 

1051. A brief acooimt of these results, frith 


, ^fipreventhatexhilHtedintbefonnof asparic. 

io^. Bujuky unse out of a fact eaa^ 
mnnieated to me by Idr. Jenkin, whidi is as 
ftanm. !Cf an onSbary wins of short tesgth 
|ie«Md‘as the of emsomunication be- 
f^Meii the two aa'^ectromotw oob' 

ipitieg irf A sia^’ jpiiiriri metals, no mkA- 
; w91 ecnhle 'tito espoiniait^ to oh- 

S leetiiCidiodr ttom ^ wiie; but if tiie 
idh sunri^piil' 911 blbiBtixHn^gnet .l^ 
dieolc is «iM^ tims ihe ocmtaoi 
eteetiom^cr is hidccD, loovided the 


some of a corresponding diaracter whidi 1 had 
observed in using long wires, was published in 
the PkUosopMed Mvyasine for 1834;^ and'l 
added to thmn some.ebserTationB on tbdr fix- 
ture. Further kVestigaticnis led me to ^eredve 
tibe inaeenrad^ of my first notions, and ended 
in iden^Hos f^dse efitects witii the {;bmuBttena 
(rfinductiem whicSr 1 had bem fortunateenoril^ 
to devd<^ in the First Series of titese Experi- 
mental Besemhes (1—59).* Notwitiistaidlag 
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of ^ views te^eiiiktg fke^ oitneiite ccub of thidc copper wire, the similar 


the results eupply lead me to believe tibat they 
win be found worthy of the atteatiou of the 
Boyel Society. 

1052. The electnmotor used eoufflsted of a 
cylinder of sine introduced between the two 
parts of a double cylinder of copper, and prcH 
s^wed from metallic contact in the usual way 
by ccu'ks. The zinc cylinder was eight inches 
high and four inches in diameter. Both it and 
the copper cylinder were supplied with stiff 
wires, surmounted by cups containing mer- 
cury; and it was at &ese cups that the con* 
tacts of wires, helices, or electro-magnets, used 
to complete the circuit, were made or broken. 
These cups I will call G and E throughout the 
rest of this paper (1079). 

1053. Certain f^Uces were constructed, some 
of which it will be necessary to describe. A 
pasteboard tube had four copper wires, one 
Wenty-fourth of an inch in thickness, wound 
round it, each forming a helix in the same di* 
rection from end to end: the convolutions of 
each wire were separated by string, and the 
superposed helices prevented from touching by 
intervening calico. The lengths of the wires 
forming the helices were 48, 49.5, 48, and 45 
feet. The first and third wires were united to- 
gether so as to form one consistent helix of 96 
feet in length; and the second and fourth wires 
were simikrly united to form a second hdix, 
closely interwoven with the first, and 94.5 feet 
in length. These helices may be distinguished 
by the numbers i and ii. They were carefully 
examined by a pow^ful current of electricity, 
and a galvanometer, and found to have no 
communication with each other. 

1054. Another helix was constructed upon a 
similar pasteboard tube, two lengths of the 
same copper wire bdng used, each forty-^ 
feet long; These were united into one consist- 
ent helix of ninety-two feet, which therefore 
was nearly equd in value to rither of the for- 
mer hi^oes, but was not in close inductive 
association with them. It may be distinguished 
bythenumbm'iil 

1065. A fourth hdix was constructed of v^ 
thick copper wire^ bdng one^fifth of m inch in 
diamober; tibe ien^ of wire used wasseveoty^ 
nine feet^ mdepiendsnt of straight terminal 
poitimis. 

1066. Tim prindpalsfecfrim 
oonsiatodof a eylindribalbmro^ 

mA ooiei indh and thiimMiuar^ 
snsgi so that^Hm 


which ware fastened together; each of fStSse 
terminations was solde^ to a copper tod, 
serving as a conducti^ continuation of thO 
wire. Hence any electric (mrrent sent throi^ 
the rods was divided in the hefices surrounding 
the ring, into three parts, all of which, how- 
ever, moved in tiie same direction. The throe 
wires may therefore be considered as r^re*- 
senting one wire, of thrice the thickness of the 
wire r^ly used. 

1057. Other dectro-mag^ets could be made 
at pleasure by introducing a soft iron rod into 
any of the hefioes described (1053, Ac.). 

1058. The galvanometer which I had occasion 
to use was rough in its construction, having 
but one magnetic needle, and not at all delicate 
in its indications. 

1059. The effects to be considered depend on 
the candvetor employed to complete ihe com- 
munication between the zinc and copper plates 
of the electromotor; and I shall have to con- 
sider this conductor under four different forms: 
as the helix of an electro-magnet (1056) ; as an 
ordinary helix (1053, Ac.) ; as a long extended 
wire, having its course such that the parts can 
exert little or no mutual infiuenoe; and as a 
ekort wire. In all cases the conductor was of 
copper. 

1060. The peculiar effects are best shown by 
the detiromagnet (1066). When it was used to 
complete the communication at the eleot^ 
motor, tbmre was no sensible spark on maMng 
contact, but on breaking contact there was a 
very large and bright spark, with considerable 
combustion of the mercury. Then, again, with 
respect to the shock: if the hands were mois^ 
toied in salt and water, and good contact be- 
tween them and the wires retained, no shodt 
could be felt upon moifempeontact at the elec- 
tromotor, but a powerful one on breaking emi- 
tact. 

1061. When the hdix i or iii (1053, Ac.) was 
used as the connecting conductor, tiiere wm 
also a good spark on breaking cemtaet, 
none (sensibly) <m making contact. On tryisv 
to obtain the i^ock ffom these helices, I eoaM 
not succeed at first. By joining the simil ar epds 
of i and ii so as. to make the two helices equivai' 
lent to one helix, having wire of double iUsk* 
ness, I coidd just obtain the senfiation. XJAig 
the faeSxiof thidc wire (1055) the ahock was 
distinctijr bhtamed. On 

tween two plates of sibw cchsuw^^ 
ndXkUm paitewfaidi tilths 
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touched (1064)^ tibero was « powerful shock on 
breaking contact, but none on making contact. 

1^2. The power of producing these phe- 
nomena exists therefore in the simple helix, as 
in the electro-magnet, although by no means 
in the same high degree. 

1063. On putting a bar of soft iron into the 
hdix, it became an electro-magnet (1057), and 
He power was instantly and greatly raised. On 
patting a bar of copper into the helix, no change 
was produced, the action being that of the 
helix alone. The two helices i and ii, made into 
one helix of twofold length of wire, produced a 
greater effect than either i or ii alone. 

1064. On descending from the helix to the 
mere Umg wire, the following effects were ob- 
tained. A copper wire, 0.18 of an inch in diam- 
eter, and 132 feet in length, was laid out upon 
the floor of the laboratory, and used as the 
connecting conductor (1059) ; it gave no sensi- 
ble spark on making contact, but produced a 
bright one on breaking contact, yet not so 
bright as that from the helix (1061). On en- 
deavouring to obtain the electric shock at the 
moment contact was broken, I could not suc- 
ceed so as to make it pass through the hands; 
but by using two silver plates fastened by small 
wires to the extremity of the principal wire 
used, and introducing the tongue between those 
plates, I succeeded in obtaining powerful shocks 
upon the tongue and gums, and could easily 
convulse a flounder, an eel, or a frog. None of 
these effects could be obtained directly from 
the electromotor, i.e., when the tongue, frog, 
or fish was in a similar, and therefore compara- 
tive manner, interposed in the course of the 
communication between the zinc and copper 
plates, separated everywhere else by the acid 
mod to excite the combination, or by air. The 
bright spark and the shock, product only on 
breaking contact, are therefore effects of the 
same kbd as those produced in a higher de- 
gree by ihe helix, and in a still higher degree by 
the electro-magnet. 

1065. In order to compare an extended wire 
with a helix, the helix i, containing ninety^six 
leet, and ninetynsix feet of the same-sized wire 
lying on the floor of the laboratory, were used 
alteamately as conductors: the former gave a 
murii brighter spark at the moment of dis- 
jUD^on tiian the latter. Again, twenty-eight 
feet of copper wire were made up into a heUx, 
and being used gave a good spark on disjuno* 
tmhattito electromotor; being then suddenly 

out and agc^mnidoyed^, it gave a muc^ 
i^k aUhnugh ncything 


but its spiral arrangement had been dhang^ 

1066. As the superiority of a helix over a 
wire is important to the philosophy of the ef- 
fect, I took particular pains to ascertain the 
fact with certainty. A wire of copper sixty- 
seven feet long was bent in the middle so as to 
form a double termination which could be 
communicated with the electromotor; one of 
the halves of this wire was made into a helix 
and the other remained in its extended condi- 
tion. When these were used alternately as the 
connecting wire, the helix half gave by much 
the strongest spark. It even gave a stronger 
spark than When it and the extended wire were 
used conjointly as a double conductor, i 

1067. When a short wire is used, dll these 
effects disappear. If it be only two or three 
inches long, a spark can scarcely be perceived 
on breaking the junction. If it be ten or twelve 
inches long and moderately thick, a small spark 
may be more easily obtained. As the length is 
increased, the spark becomes proportionately 
brighter, until from extreme length the resist- 
ance offered by the metal as a conductor begins 
to interfere with the principal result. 

1068. The effect of elongation was well shown 
thus: 114 feet of copper wire, one-eighteenth 
of an inch in diameter, were extended on the 
floor and used as a conductor; it remained cold, 
but gave a bright spark on breaking contact. 
Being crossed so that the two terminations 
were in contact near the extremities, it was 
i^ain used as a conductor, only twelve inches 
now being included in the circuit: the wire be- 
came very hot from the greater quantity of 
electricity passing through it, and yet the spark 
on breaking contact was scarcely visible. The 
experiment was repeated with a wire one-ninth 
of an inch in diameter and thirty-six feet long 
with the same results. 

1069. That the effects, and also the action, in 
all these forms of the experiment are identical, 
is evident from the manner in which the former 
can be gradually x^dsed from that produced by 
the shortest wire to that of the most powerful 
electro-magnet: and this capability of exam- 
ining what will happen by the most powerful 
apparatus, and then experimenting for the same 
results, or reasoning from them, with the weaker 
arrangements, is of great advantage in making 
out the true principles of the phenomena. 

1070. The action is evidently dependent 
upon the wire which saves as a conductor; for 
it varies as that wire varies in its laigth or ^ 
rangement. The shortest wire may be consid-* 
ered as exhibiting Ike full effect of spark or 
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^c3c which the electromotor can produce by 
its own direct power; all the additional force 
whi(^ the arrangements described can excite 
being due to some affection of the current, 
either permanent or momentary, in the wire 
itself. That it is a rmmentary effect, produced 
only at the instant of breaking contact, will be 
fullyproved (1089, 1100). 

1071. No change takes place in the quantity 
or intensity of the current during the time the 
latter is corUinued^ from the moment after con- 
tact is made, up to that previous to disunion, 
except what depends upon the increased ob- 
struction offered to the passage of the electri- 
city by a long wire as compared to a short wire. 
To ascertain this point with regard to quan- 
tUyf the helix i (1053) and the galvanometer 
(1058) were both made parts of the metallic 
circuit used to connect the plates of a small 
electromotor, and the deflection at the galva- 
nometer was observed; then a soft iron core 
was put into the helix, and as soon as the mo- 
mentary effect was over, and the needle had 
become stationary, it was again observed, and 
found to stand exactly at the same division as 
before. Thus the quantity passing through the 
wire when the current was continued was the 
same either with or without the soft iron, al- 
though the peculiar effects occurring at the 
moment of disjunction were very different in 
degree under such variation of circumstances. 

1072. That the quality of intensity belonging 
to the constant current did not vary with the 
circumstances favouring the peculiar results 
under consideration, so as to yield an explana- 
tion of those results, was ascertained in the 
following manner. The current excited by an 
electromotor was passed through short wires, 
and its intensity tried by subjecting different 
substances to its electrolyzing power (912, 966, 
&c.); it was then passed through the wires of 
the powerful electro-magnet (1056), and again 
examined with respect to its intensity by the 
same means and found unchanged. Again, the 
constancy of the qmrUity passed in the above 
experiment (1071) adds further proof that the 
inteiisity could not have varied; for had it been 
increased upon the introduction of the soft 
iron, there is every reason to believe that the 
quantity passed in a given time would also 
have increased. 

1073* The fact is, that under many varia- 
tions^ of the experiments, the pennanent cur- 
rent hm m force as the effects upon hreakiw 
contact become exceed. This is abundantiy 
evident in the comparative experiments witti 


long and diort wires (1068) ; and is still more 
strikingly shown by the following variation. 
Solder an inch or two in length of fine platiha 
wire (about one-hundredth of an inch in diam- 
eter) on to one end of the long oommunicatix^^ 
wire, and also a similar length of the same plat- 
ina wire on to one end of the short communi- 
cation; then, in comparing the effects of these 
two communications, make and break contact 
between the platina terminations and the mer- 
cury of the cup G or E (1079). When the short 
wire is used, the platina will be ignited by Oie 
constant current^ because of the quantity of 
electricity, but the spark on breaking contact 
will be hardly visible; on using the longer com- 
municating wire, wUch by obstructing will 
diminish the current, the platina will remain 
cold whilst the current passes, but give a bright 
spark at the moment it ceases : thus the strange 
result is obtained of a diminished spark and 
shock from the strong current, and increased 
effects from the weak one. Hence the spark and 
shock at the moment of disjunction, although 
resulting from great intensity and quantity of 
the current at that movmd^ are no direct indica- 
tors or measurers of the intensity or quantity 
of the constant current previously passing, and 
by which they are ultimately produced. 

1074. It is highly important in using the 
spark as an indication, by its relative bright- 
ness, of these effects, to bear in mind certain 
circumstances connected with its production 
and appearance (958). An ordinary electric 
spark is understood to be the bright appear- 
ance of electricity passing suddedy throuj^ 
an interval of air, or other badly conducting 
matter. A voltaic spark is sometimes of the 
same nature, but, generally, is due to the igni- 
tion and even combustion of a minute portion 
of a good conductor; and that is especially the 
case when the electromotor consists of but one 
or few pairs of plates. This can be very weU 
observed if either or both of the metallic sur- 
faces intended to touch be solid and pointed. 
The moment they come in contact the current 
passes; it heats, ignites, and even bums the 
touching points, and the appearance is as if 
spark passed on making contact, whereas it is 
only a case of ignition by the currenti contact 
bmg previously made, and is perfectly analo- 
gous to the ignition of a fine platina wire eoiir- 
neoting the mctremities of a voltaic battery. 

107& When mercury constitutes one or l^th 
of the surfaces used^ the brightoessof theis^aik 
is greatly ina*eaaed. But as this cSeOtis dpe to 



Ae fustikmon, andproh^ combusficm of, th« 
melal, meh i^piai^as lOiist only be compared mik 
other fipa.rits also taken from mereuricd mnv 
fioes, mi not with such as may be taken, for 
ketance, between surfaces of platina or gold, 
idtt the appearances are far less bi^t, 
though the same quantity of dectricity be 
peif^md It is not at all unl^y that the com- 
skMy occurring drcumstance of combustion 
may affect even the duration of the light; and 
sparks taken between mercury, copp», or 
other combustible bodies, will continue for a 
period s^ibly longer than those passing be- 
tween platina or gold. 

1076. When the end of a short clean copper 
wire, attached to one plate of an electromotor, 
is brought down carefully upon a surface of 
JOercury connected with the other plate, a 
spark, almost continuous, can be obtaii^. 
Tbis 1 refer to a succession of effects of the fol- 
lowing nature: first, contact—then ignition of 

touching points— recession of the mercury 
from the mechanical results of the heat pro- 
duced at the place of contact, and the electro- 
mai^etic condition of the parts at the moment^ 
—breaking of the contact and the production 
of the peculiar intense effect dep^dent there- 
on— renewid of the contact by the returning 
surface of the undulating mercury— and then 
a r^tition of the same series of effects, and 
tkat with such rapidity as to present the ap- 
pearance of a continued disclmrge. If a long 
wire or an electro-magnet be used as the con- 
necting conductor instead of a short wire, a 
similar appearance may be produced by tap- 
ping the vessd containing the mercury and 
making it vibrate; but the sparks do not usu- 
idly follow each other so rapidly as to produce 
aU apparently continuous spark, because of 
Hie t^ie required, when the long wire or elec- 
firtHm^et is used, both for the full develop- 
i^t of the current (1101, 1106) and for its 
qi^^iiplete cessation. 

1077. Betundng to the phecomena in ques- 

titm; tibe first that arises in the mind 

Is that tiie eieetricity drculates with something 
Uke momentum or inertML in the wire, and tiiat 
1km a long wire inoduces i^ects at the instant 
tiie current is stof^mdi which a short wire can- 
simt produce. SkuA an 0 X{danation is, however, 

once set aside by tim fact that the same 
length of wire produces tbe effects in dif- 
degrees, according as it is simply ex- 
or made into a hdix, or forms the di^ 


ooit of an electio-magnet (1069). The expend 
ments to be adduced <1089) will still more 
strikingly diow that the idea of mom^tuxU 
cannot apply. 

1078. The bright spark at the electromotor, 
and the shock inihe arms, appeared evidentiy 
to be due to one current in the long wire, divided 
into two parts by the double channel afforded 
through toe body and through toe electromo- 
tor: for that the spark was evolved at toe place 
of disjimction with the electromotor, not by 
any direct action of the latter, but by a force 
immediately exerted in the wire of communi- 
cation, seenr^ to be without doubt (1070). It 
followed, therefore, that by using a betW con- 
ductor in place of the human body, tof whole 
of this extra current might be made to pass at 
that place; and thus be separated from that 
which the electromotor could produce by its 
immediate action, and its direction be jam- 
med apart from any interference of the original 
and originating current. This was found to be 
true; for on connecting the ends of the princi- 
pal wire together by a cross-wire two or three 
feet in length, applied just where the hands had 
felt the shock, the whole of the extra current 
passed by toe new channel, and then no better 
spark than one producible by a short wire was 
obtained on disjunction at toe electromotor. 

1079. The current thus separated was exam- 
ined by galvanometers and decomposing appa- 
ratus introduced into 
toe course of this wire. I 
will always speak of it 
as the current in the 
cross-wire or wires, so 
that no mistake, as to 
its place or origin, may 
occur. In toe wood-cut, 

Z and C represent the 
zinc and copper plates of 
the electromotor ; G and 
E toe cups of mercury 
where contact is s&ade or broken (1052); A and 
B toe terminations of D, toe long wire, toe 
hdix or toe dectro-ma^t, used to complete 
tfaedrcuit; N and P axe toe tarosstwires, v^ch 
can either be broui^t into contact at x, or else 
have a galvanometer (1058) or an electi^inng 
apparatus (312, 316) inteiposed thcare. 

Tbe production of toe ehoek from toe cur- 
rent in toe aross'^vrire, whetoer D was a long ex- 
tended wire^ or ta helix, or an electiH>magnet, 
has been alreadjr described (1060, 1061, 1084). 

, 1080. Tim epark of toe crosa-wke eufrent 
ooiiid Im produced ate in toe 
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rubbed Ughtlj againat each oth^y^ WbOat .oout 
tact wae ^keu at G or £. When the communi- 
cation yva$ perfect at little or no spark ap^ 
peered at G or E, When the condition of vi- 
cinity at X was favourable for the result re- 
quir^y a bright spark would pass there at the 
moment of disjunction, none occurring at G 
and £ : this spark was the luminous passage of 
the extra current through the cross-wires. When 
there was no contact or passage of current at 
X, then the spark appeared at G or E, the extra 
current forcing its way through the electro- 
motor itsdf* The same results were obtained 
by the use of the helix or the extended wire at 
D in place of the electro-magnet. 

1081. On introducing a fine platina wire at 
x, and employing the dectro-inagnet at O, no 
visible effects occurred as long as contact was 
continued; but on breaking contact at G or £, 
the fine wire was instantly ignited and fused. 
A longer or thicker wire could be so adjusted at 
x as to show ignition, without fusion, every 
time the contact was broken at G or E. 

1082. It is rather difficult to obtain this ef- 
fect with helices or wires, and for very simple 
reasons: with the helices i, ii, or iii, there was 
such retardation of the electric current, from 
the l^gth of wire used, that a full inch of plat- 
ina wire one-fiftieth of an inch in diameter 
could be retained ignited at the cross-wires dur- 
ing the corUmua/nce of contact, by the portion of 
electricity passing through it. , Hence it was im- 
possible to distinguish the particular effects at 
the moments of making or breaking contact 
from this constant effect. On using the thick 
wire helix (10fi5), the same results ensued. 

1083. Proceeding upon the known fact that 
electric currents of great quantity but low in- 
tensity, though able to ignite thick wires, can- 
not prcduoe that effect upon thin ones, I used 
a very fine platina wire at x, reducing its diam- 
eter until a spark appeared at G or E, when 
contact was broken there. A quarteriof an inch 
of sudi wire might be introduced at x without 
being ignited by the continmnee of contact at 
0 or E; but when contact was. broken at>ei!tiier 
place, this wire became red-hot: pro^^, by 
this method, the production of the indulged 
current at that moment, 

IfiSl. Chmicd was ne^t ef-r 

fected % crpse^wjiis a an electix>- 
magne^. being need at .p, imd a deemnp^iting 
appariitin^ of potasie^ 

^ At a;, Tl^ mor 


and G<mi^uentlynoi^eniiealactiontook^ 
at X during the eoniinuance of contact at G 
E;; but when contact was broken; there wimt 
instantly decomposition at x. The iodine ap<* 
p^red against the wire N, and not against the 
wire P; thus demonstrating that the current 
through the .cross-wires, when contact was brdf 
ken, was in the reverse direction to that marked 
by the arrow, or that which the electromotor 
would have sent throu^ it. 

1085. In this experiment a bright spark oc- 
curs at the place of disjunction, indicating that 
only a small part of the extra current pass^ the 
apparatus at x, because of the small conducting 
power of the latter. 

1086. 1 foimd it difficult to obtain the chem- 
ical effects with the simple helices and wires, 
in consequence of the diminished inductive 
power of these arrangements, and because of 
the passage of a strong consist current at z 
whenever a very active electromotor was used 
(1082). 

1087. The most instructive set of results was 
obtained, however, when the galvanometer was 
introduce at x* Using an electro-magnet at D, 
and continuing contact, a current was then inr 
dicated by the defiection, proceeding from P 
to N, in the direction of the arrow; the cross- 
wire serving to carry one part of the electricity 
excited by the electromotor, and that part 
the arrangement marked A B D, the other and 
far greater part, as indicated by the arrows. 
The magnetic needle was then forced baeb, by 
pins ap^ed upon, opposite sides of its two ex- 
tremitieB, to its natural position when unInflu* 
enced by a current ; after which, contact behig 
brolcen at G or E, it was deflected strongly iii 
the opposite dir^tion; thus showing, in ao 
cordance with the cheuucal effects (i08i), that 
the extra current fpQowed a course in the cross- 
wires contrary to that indicated by the arrowy 
i,e., contrary to the one produced by the direct 
action of the electromotor.^ 

1088. With the kdix only (1061), these 
fects could scarcely be observed, inconsequence 
of the smalls inductive force of this arraiise^ : 
ment, the opposed action from inductippin 
gaivfMSometer mre itself, the mechanical ooa- 
ditipn and tenaipn of needle froui the:C<i|ec$.: 

l it wiw* experimeatBUy/ ^ 

8tiPUccimnt:wiui %ough the 

on|y« ^ naeme restrainea in m , 

abpva In hatoal position, when the oumnt wee 
stop^, HP ^rfttioil of the needle in the opp^te 
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blocUng tl087) wMbt the current due to 
continuance of contact was pasring round it^ 
and because of other causes. With the extended 
wite <1064) all these circumstances had still 
greato influence, and therefore allowed less 
chance of success. 

1089. These experiments, establishing as they 
<fid, by the quantity, intensity, and even direc- 
tion, a distinction l^tween the primary or gen- 
erating current and the extra current, led me 
to conclude that the latter was identical with 
the induced current described (6, 26, 74) in the 
first series of these Researches; and this opinion 
I was soon able to bring to proof, and at the 
same times obtained not the partial (1078) but 
entire separation of one current from the other. 

1090. The double helix (1053) was arranged 
gq that it should form the connecting wire be- 
tween the plates of the electromotor, ii being 
out of the current, and its ends unconnected. 
In this condition i acted very well, and gave a 
good spark at the time and place of disjunction. 
The opposite ends of ii were then connected 
together so as to form an endless wire, i re- 
maining unchanged: but now no sparky or one 
scarcely sensible, could be obtained from the 
latter at the place of disjunction. Then, again, 
the ends of ii were held so nearly together that 
any current running round that helix should be 
Tendered visible as a spark: and in this manner 
a spark. was obtained from ii when the junction 
of i with the electromotor was broken, in place 
of appearing at the disjoined extremity of i 
itself 

1091. By introducing a galvanometer or de- 
composing appe^ratus into the circuit formed 
by the helix ii, I could easily obtain the deflec- 
tions and decomposition occasioned by the in- 
duced current due to the breaking contact at 
hdix i, or even to that occasioned by making 
contact of that helix with the electromotor; 
the results in both cases indicating the con- 
tmry directions of the two induced currents 
thus produced (26). 

1092. All these effects, except those of de- 
composition, were reproduced by two extended 
long wires, not having the form of helices, but 
pia^ close to each oth^; and thus it was 
t^Ved that the extra current could be removed 
from the wire carrying tiie original current to 
a neij^bouring wire, and was at the same time 
idm^ed, in cUrection and every other respect, 
with the currents producible by induction 
(tC^). The case, therefote, of the bright spai^ 

^ di^unetibn may now be stated 
thri: if a current be estabUshed in a wire, and 


another wire, forming a complete circuit, be 
placed parallel to the first, at the moment the 
current in the first is stopped it induces a cur- 
rent in the same direction in the second, the 
first exhibiting then but a feeble spark; but if 
the second wire be away, disjunction of the 
first wire induces a current in itself in the same 
direction, producing a strong spark. The strong 
spark in the single long wire or helix, at the 
moment of disjunction, is therefore the equiv- 
alent of the current which would be produced 
in a neighbouring wire if such second current 
were permitted. . 

1093. VfeMng the phenomena as the! results 
of the induction of electrical currents, rnany of 
the principles of action, in the former experi- 
ments, become far more evident and precise. 
Thus the different effects of short wiresL long 
wires, helices, and electro-magnets (1069) may 
be comprehended. If the inductive action of a 
wire a foot long upon a collateral wire also a 
foot in length be observed, it will be found very 
small; but if the same current be sent throu^ 
a wire fifty feet long, it will induce in a neigh- 
bouring wire of fifty feet a far more powerful 
current at the moment of making or breaking 
contact, each successive foot of wire adding to 
the sum of action; and by parity of reasoning, 
a similar effect should take place when the 
conducting wire is also that in which the in- 
duced current is formed (74) : hence the reason 
why a long wire gives a brighter spark on break- 
ing C/ontact than a short one (1068), although 
it carries much less electricity. 

1094. If the long wire be made into a helix, it 
will then be still more effective in producing 
sparks and shocks on breaking contact; for by 
the mutual inductive action of the convolu- 
tions each aids its neighbour, and will be aided 
in turn, and the sum of effect will be very 
greatly increased. 

1095. If an electro^magnet be employed, the 
effect will be still more highly exalted ; because 
the iron, magnetized by the power of the con- 
tinuing current, will lose its magnetism at the 
moment the current ceases to pass, and in so 
doing will tend to produce an electric current 
in the wire around it (37, 38), in conformity 
with that which the cessation of current in the 
hefix itself also tends to produce. 

1096. By applying the laws of the induction 
of electric currents formerly developed (6, Ac.), 
various new conditions of theexperiments could 
be devised, which by their results should serve 
as tests of the accuracy of the view just given. 
IIeus, if a long wire be doubled, so thM the 
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current in the two halves shall have apposite 
actions, it ought not to |^ve a sensible spark at 
the moment of disjunctijon: and this proved to 
be the case, for a wire forty feet long, covered 
with silk, being doubled and tied closely to- 
gether to within four inches of the extremities, 
when used in that state, gave scarcely a per- 
ceptible spark; but being opened out and the 
parts separated, it gave a very good one. The 
two helices i and ii being joined at their similar 
ends, and then used at their other extremities 
to connect the plates of the electromotor, thus 
constituted one long helix, of which one half 
was opposed in direction to the other half: un- 
der these circumstances it gave scarcely a sen- 
sible spark, even when the soft iron core was 
within , although containing nearly two hundred 
feet of wire. When it was made into one con- 
sistent helix of the same length of wire it gave 
a very bright spark. 

1097. Similar proofs can be drawn from the 
mutual inductive action of two separate cur- 
rents (1110) ; and it is important for the general 
principles that the consistent action of two 
such currents should be established. Thus, two 
currents going in the same direction should, if 
simultaneously stopped, aid each other by their 
relative influence; or if proceeding in contrary 
directions, should oppose each other under sim- 
ilar circumstances. I endeavoured at first to 
obtain two currents from two different electro- 
motors, and passing them through the helices i 
and ii, tried to effect the disjunctions mechan- 
ically at the same moment. But in this I could 
not succeed; one was always separated before 
the other, and in that case produced little or 
no spark, its inductive power being employed 
in throwing a current round the remaining com- 
plete circuit (1090); the current which was 
stopped last always gave a bright spark. If it 
were ever to become needful to ascertain wheth- 
er two junctions were accurately broken at the 
same moment, these sparks would afford a test 
for the purpose, having an infinitesimal degree 
of perfection. 

1098. 1 was able to prove the points by other 
expedients. Two short thick wires were select- 
ed to serve as terminations, by which contact 
could be made or broken with the electromotor. 
The compound helix, consisting of i and ii 
(1053), was adjusted so that the extremities of 
the two helices could be placed in communica- 
tion with the two terminal wires, in such a 
manner that the current moving trough the 
^ck wires should be divided into two equal 
portioas in the two h^ces, tiiese portions tra v- 
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dling, according to the mode of connexion, 
dther in the same direction or in contrary di- 
reotionsat pleasure. In this mann^ two streams 
could be obtained, both of which could be 
stopped simultaneously, because the disjunc- 
tion could be broken at G or F by removing a 
single wire. When the helices were in contrary 
directions, there was scarcely a sensible spark 
at the place of disjunction ; but when they were 
in accordance there was a very bright one. 

1099. The helix i was now used constantly, 
being sometimes associated, as above, with helix 
ii in an according direction, and sometimes 
with helix iii, which was placed at a little dis- 
tance. The association i and ii, which present- 
ed two currents able to affect each other by in- 
duction, because of their vicinity, gave a bright- 
er spark than the association i and iii, where 
the two streams could not exert their mutual 
influence; but the difference was not so great 
as 1 expected. 

1100. Thus all the phenomena tend to prove 
that the effects are due to an inductive action, 
occurring at the moment when the principal 
current is stopped. I at one time thought they 
were due to an action continued during the 
whole time of the current, and expected that a 
steel magnet would have an influence accord- 
ing to its position in the helix, comparable to 
that of a soft iron bar, in assisting the effect. 
This, however, is not the case; for hard steel, 
or a magnet in the helix, is not so effectual as 
soft iron; nor does it make any difference how 
the magnet is placed in the helix, and for very 
simple reasons, namely, that the effect does 
not depend upon a permanent state of the core, 
but a change of state; and that the magnet or 
hard steel cannot si^ through such a differ- 
ence of state as soft iron, at the moment con- 
tact ceases, and therefore cannot produce an 
equal effect in generating a current of electric- 
ity by induction (34, 37). 

1101. As an electric current acts by induction 
with equal energy at the moment of its com- 
mencement as at the moment of its cessation 
(10, 26), but in a contrary direction, the 
ence of the effects under examination to an in- 
ductive action would lead to the contusion 
that corresponding effects of an opposite na- 
ture must occur in a long wire, a helix, <Mr 
electro-magnet, every time that corUact U 
with the electromotor. These effects wiU tend 
to establish a resistance for the first momfsai 
in the long ccmductor, producing a result equiv- 
alent to the reverse of a shock or a spark Now 
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i«eic6gifitibfi of such negative teenlts; but aa it 
ie )))^bal 3 ie^'i^ some positive effect is ptb^ 
dbieed'Ot the time, if we ^ew what to expek, I 
think f&e few facts bearing upon this subject 
with which 1 am acquaint^ are worth record- 

1102. The electro-magnet was arranged with 
ah electrolysing apparatus at x, as before de- 
scribed (1084), except that the intensity of the 
diemical action at the electromotor was in- 
creased until the electric current was just able 
to produce the feeblest signs of decomposition 
wldlst contact was continued at G and E (1070) 
(the iodine of course appearing against the end 
of the cross-wire P) ; the wire N was also separ 
rated from A at r, so that contact there could 
496 made or broken at pleasure. Under these 
i^cumstances the following set of actions was 
repeated several times: contact was broken at 
f , then broken at G, next made at r , and lastly 
renewed at G; thus any current from N to P 
due to hreakmg of contact was avoided, but any 
additional force to the current from P to N due 
to making contact could be observed. In this 
way it was found that a much greater decom- 
posing effect (causing the evolution of iodine 
against P) could be obtained by a few comple- 
tions of contact than by the current which 
could pass in a much longer time if the contact 
was ecmtinued. This I attribute to the act of in- 
duction in the wire A B D at the moment of 
contact rendering that wire a worse conductor^ 

rather retarding the passage of the electric- 
ity through it for the inslknt, and so throwing 
a greater quantity of the electricity which the 
di^ctromotor could produce throu^ the cross- 
vdre passage N P. The instant the induction 
erased, A B D resumed its full pow^ of carry- 
mg a coxmtant curr^t of electricity, and could 
it highly increased, as we Imow by the 
fonner experiments (1060) by the (^>p6eite in- 
dtietive action brought into activity at the mo- 
c^tact at Z or C was broken. * 

1103. A galvanometer was then introduced 
al ix, and tiie deflection of the needle noted 

contact was continued at G and £ : the 
was bIo#:ed ^ before in one direc: 
1^ <i087), so thid it should not return wh^^i 
^ currimt ceski^, hiit remain in the positfon 
Ih Which the current thuld rdtein it. Ck>ntik;t at 
^ E was farokmi, ^rpdudng of course nd 

it was nmew^, axKl the needle 
deflected, pasting from the block- 
to a position, Stitt farther from its nat- 
pbee than that which the constant eumnt 


cc^ j^ve, and ihowhig, liy the Isbmpcr- 

rary excess of cunwnt in this cretis communica^ 
tion, the temporary retardation in the drcuil 
ABD. - 

1104. On adjusting a platina wire at x (1081) 
so that it should not be ignited by the current 
pasting through it whilst contact at G and E 
was continued, and yet become red-hot by a 
current somewhat more powerful, I was readily 
able to produce its ipiition upon making eonr 
tad, and again upon breaking contad. Thus the 
momentary reta^ation in A B D on making 
contact was again shown by this result, as weU 
also as tKb^)ppotite result upon breaJmg con- 
tact. The two ignitions of the wire at x were of 
course produced by electric curr^ts moving in 
opposite directions. 

1105. Using the helix only, I could hot ob- 
tain distinct deflections at x, due to thVextra 
effect on making contact, for the reas<^ al- 
ready mentioned (1088). By using a very fine 
platina wire there (1083), I did succeed in ob- 
taining the igniting effect for making contact 
in the same manner, though by no means to 
the same degree, as with the electro-magnet 
(1104). 

1106. We may also consider and estimate the 
effect on making contad, by transferring the 
force of induction from the wire carrying the 
original current to a lateral wire, as in the cases 
described (1090) ; and we then are sure, both 
by the chemical and galvanometrical results 
(1091), that the forces upon making and break- 
ing contact, like action and reaction, are equal 
in thtir strength but contrary in their direc- 
tion. If, therefore, the effect on making contact 
resolves itself into a mere retardation of the 
current at the first moment of its existence, it 
must be, in its degree, equivalent to the high 
exaltation of that same current at the moment 
contact is broken. 

1107. Thus the case, under the circumstances, 
is that the intentity and quantity of electricity 
moving in a current are smaller when the cur- 
rent commences or is increased, and greater 
when it diminisbes or ceases, than they would 
be if the inductive action occuiring at these 
moments did ndt ttike place; or than tl^ are 
in the drig^nal extent wire if the inductive ac* 
tion be tmiisferted from that wire tea collat- 
eral one (1090): 

1108. From tte facility of transteenoe to 
neighbouring wtres, and ftom ibn effedss gen- 
erally, the u^iietive forces a|>pear to be lateral, 
Le., exerti^ ih a dimetion peipe&£ctj^ the 
direction ic^ tim originating ahd 
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toi be 

rqimented W the jna^setic etmres, Md <^se^ 
ly related tO| if not id^tical ^th| magoetie 
forces* 

L109. There can be no doubt that the eur* 
rent in one part of a wire can act by kiduction 
upon other parts of the same wire which are 
lateral to the first, i.e,, in the sapie veitical sec- 
tion (74), or in the parts which are more or less 
oblique to it (1112), just as it can act in pro- 
ducing a current in a ndghbouring wire or in a 
neighbouring coil of the same wire. It Is this 
which gives the appearance of the current act- 
ing upon itsdf : but all the experiments and all 
ar^ogy tend to show that the elements (if I 
may so say) of the currents do not act upon 
themsdves, and so cause the effect in question, 
but produce it by exciting currents in conduct- 
ing matter which is lateral to them. 

1110. It is possible that some of the expres- 
sions I have used may seem to imply that the 
inductive action is essentially the action of one 
current upon another, or of one element of a 
current upon another element of the same cur- 
rent. To avoid any such conclusion I must ex- 
plain more distinctly my meaning. If an end- 
less wire be taken, we have the means of gen- 
erating a current in it which shall run round 
the circuit without adding any electricity to 
what was previously in the wire. As far as we 
can judge, the electricity which appears as a 
current is the same as that which before was 
quiescent in the wire ; and though we cannot as 
yet point out the essential condition of differ- 
ence of the electricity at such times, we can 
easily recognize the two states. Now when a 
current acts by induction upon conducting mat- 
ter lateral to it, it probably acts upon tlm elec- 
tricity in that conducting matter whether it be 
in the form of a current or guiescentt in the one 
case increasing or diminishing the current ac- 
cording to its direction, in the other producing 
a current, and the amaurU of the mductive ac- 
tion is probably the same in both cases. Hence, 
to say that the action of induction depended 
upon the mutual ration of two or, more cur- 
rents would, aceor^ng to the restricted sense 
iu which the term current is understood at 
present (283, 617, 667) be an error. 

nil. fovc^ of theeSectSras, for instances^ 
those with hehces (1066), with according or 
counter currents (1007, 1098), and those on the 
production of lateral currents (1090), appeared 
to iiidij[$ato that a emmi cmiB produce 
feet of induction in a neighbouring wire more 
^^ead%. than in its own carrying wire, in which 


ease it inigl^ be expect^ timt semke 
of Tcmiltj^uld be imclueedMa bundtoblwires 
were used as a conductor instead of a bui|^ 
wire. In consequence the following experiments 
were made. A copper wire one twenty-thud ^ 
an inch in diameter was cut into lengths of five 
feet each, and six of these being laid side by 
side in one bundle, had their opposite extrem* 
ities soldered to two terminal pieces of copper. 
This arrangement could be usi^ as a discharg- 
ing wire, but the genmil current could be (S- 
vided into six parallel streams, which might be 
brought close together, or, by the separation ci 
the wires, be t^en more or less out of each 
other’s influence. A somewhat brighter spark 
was, I think, obtained on breaking contact 
when the six wires were dose together than 
when held asunder. 

1112. Another bundle, containing twenty of 
these wires, was eighteen feet long: toe terminal 
pieces were one-fifth of an inch in diameter, 
and each six inches long. This was compared 
with nineteen feet in length of copper wire one- 
fifth of an inch in diameter. The bundle gave a 
smaller spark on breaking contact than the 
latter, even when its strands were held togeth- 
er by string : when they were separated, it gave 
a still smaller spark. Upon the whole, however, 
toe diminution of effect was not such as I ex^ 
pected: and I doubt whether toe results can he 
considered as any proof of toe truth of the sup^ 
position which gave rise to them, 

1113. The inductive force by which two ele- 
ments of one current (1109, 1110) act upon each 
other appears to diminish as the line joining 
them becomes oblique to the direction of the 
current and to vanito entirely when it is paral^ 
lei, I am led by some results to suspect it 
then even passes into the repulsive lores no- 
ticed by AmpSre;^ whichis toe cause of the de^ 
vations in mercury described by Sir Humphry 
Davy,’ and which again k probably director 
connected with toe quality of intensity. 

1114* Notwithstanding that the 
pear only at toe making and breaking of eeah, 
tact (the mrrmt rmnaining unaffecM, B&ssfft 
ingly, in toe interval), I cannot resist the 
pression toat toere is some connected 
correspondent effect produced by this lateral 
action of the etenents of toe electric eteBSit . 
during toe time of its continuance (60, 242}« Ari 
action of this Mnd, in fact, is evident to tite 
magnetic lelatioiui of the parts of toe 
Bui admitting (as we may do for. toe itootei^ 

i BseMild*mHmaiensEieelit0-2)yn^ 

• TramaetvMe, im, 
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tibe loagnetjc forces to constitute the power 
which produces such striking and different re* 
suits at the coimnencement and termination of 
a current, still there appears to be a link in the 
chsun of effects, a wheel in the physical mech* 
anism of the action, as yet unrecognised. If we 
endeavour to consider electricity and magnet- 
ism as the results of two forces of a physical 
agent, or a peculiar condition of matter, exert- 
ed in determinate directions perpendicular to 
each other, then, it appears to me, that we 
must consider these two states or forces as con- 
vertible into each other in a greater or smaller 
degree; i.e., that an element of an electric cur- 
rent has not a determinate electric force and a 
determinate magnetic force constantly existing 
in the same ratio, but that the two forces are, 
Jbo a certain degree, convertible by a process or 
change of condition at present unknown to us. 
How else can a current of a given intensity and 
quantity be able, by its direct action, to sustain 
a state which, when allowed to react, (at the 
cessation of the original current) shall produce 
a second current, having an intensity and quan- 
tity far greater than the generating one? This 
cannot result from a direct reaction of the elec- 
tric force: and if it result from a change of elec- 
trical into magnetic force, and a reconversion 
back again, it will show that they differ in 
something more than mere direction, as regards 
that agent in the conducting wire which consti- 
tutes their immediate cause. 

1115. With reference to the appearance, at 
different times, of the contrary effects produced 
by the making and breaking contact, and their 
separation by an intermediate and indifferent 
state, this separation is probably more appar- 
ent than real. If the conduction of electricity 
be effected by vibrations (283), or by any other 
mode in which opposite forces are successively 
and rapidly excited and neutralized, then we 
mght expect a peculiar and contrary develop- 
ment of force at the commencement and term- 
ination of the pmods during which the con- 
ducting action should last (somewhat in anal- 
ogy witii the colours product at the outside of 
an imp^ectly developed solar spectrum) : and 
^ intermediate actions, although not sensible 
in ihe same way, may be very important and, 
to instance, p^aps constitute the very es- 
sence of conductibility. It is by views and rea- 
sons such as these, wMch seem to me connect- 
ed with the fundamental laws and facts of 
#M!trical sdence, that I have been induced to 


enter, more minutdy than I othmwise should 
have done, into the experimental examination 
of the phenomena described in this paper. 

1116. Before concludmg, I may briefly re- 
mark that on using a voltaic battery of fifty 
pairs of plates instead of a single pair (1052), 
the effects were exactly of the same kind. The 
spark on making contact, for the reasons be- 
fore given, was very small (1101, 1107); that 
on breaking contact, very excellent and bril- 
liant. The continums discharge did not seem 
sdtered in character, whether a short wire or 
the ^werful electro-magnet were usedas a con- 
necting discharger. 

1117. The effects produced at the comnence- 

ment and end of a current (which are .ted 

by an interval of time when that current is sup- 
plied from a voltaic apparatus) must qccur at 
the same moment when a common electric dis- 
charge is passed through a long wire. Whether, 
if happening accurately at the same moment, 
they would entirely neutralize each other, or 
whether they would not still give some definite 
peculiarity to the discharge, is a matter re- 
maining to be examined; but it is very prob- 
able that the peculiar character and pungency 
of sparks drawn from a long wire depend in 
part upon the increased intensity given at the 
termination of the discharge by the inductive 
action then occurring. 

1118. In the wire of the helix of magneto- 
electric machines (as, for instance, in Mr. Sax- 
ton’s beautiful arrangement), an important in- 
fluence of these principles of action is evidently 
shown. From the construction of the apparatus 
the current is permitted to move in a complete 
metallic circuit of great length during the first 
instants of its formation: it gradually rises in 
strength, and is then suddenly stopped by the 
breaking of the metallic circuit; and thus great 
intensity is given bg induction to the electric- 
ity, which at that moment passes (1060, 1064). 
This intensity is not only shown by the brillian- 
cy of the spark and the strength of the shock, 
but also by tiie necessity which has been ex- 
perienced of well-insulating the convolutions 
of the helix, in which the current is formed: 
and it gives to the current a force at these mo- 
ments very far above that which the appara- 
tus could produce if the principle which forms 
the subject of this paper were not called into 
play. 

Royal JnstiMtoi, December 8, 1834 
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1119. I HAVE lately had occasion to examine 
the voltaic trough practically, with a view to 
improvements in its construction and use; and 
though I do not pretend that the results have 
an 3 rthing like the importance which attaches 
to the discovery of a new law or principle, I 
still think they are valuable, and may there- 
fore, if briefly told, and in connexion with 
former papers, be worthy the approbation of 
the Royal Society. 

§ 16. On on J mproved Form of ike Voltaic Battery 

1120. In a simple voltaic circuit (and the 
same is true of the battery) the chemical forces 
which, during their activity, give power to the 
instrument, are generally divided into two por- 
tions; one of these is exerted locally, whilst the 
other is transferred round the circle (947, 996); 
the latter constitutes the electric current of the 
instrument, whilst the former is altogether lost 
or wasted. The ratio of these two portions of 
power may be varied to a great extent by the 
influence of circumstances: thus^ in a battery 
not closed, aU the action is local; in one of the 
ordinary construction, much is in circulation 
when the extremities are in communication: 
and in the perfect one, which I have described 
(1001), all the chemical power circulates and 
becomes electricity. By referring to the quan- 
tity of zinc dissolved from the plates (866, 
1126), and the quantity of decomposition ef- 
fecteid in the volta-electrometer (711, 1126) or 
elsewhere, the proportions of the local and 
transferr^ actions under any particular cir- 
cumstances can be ascertained, and the eiScacy 
of the voltaic arrangement, or the waste of 
chemical power at its zinc plates, be accurately 
determined. 

1121. If a voltaic battery wa*e constructed 
of zmc and platina, the latter metal surround- 
ing the former, as in the double copper ar- 


provided these did not touch metallically, the 
same acid which, being between the zfaic and 
platina, would excite the battery into powers 
ful action, would, between the two surfaces of 
platina, produce no discharge of the electricity, 
nor cause any diminution of the power of the 
trough. This is a necessary consequence of the 
resbtance to the passage of the current which I 
have shown occurs at the place of decomposi- 
tion (1007, 1011); for that resistance is fully 
able to stop the current, and therefore acts as 
insulation to the electricity of the contiguous 
plates, inasmuch as the current which tends to 
pass between them nev^ has a higher intensity 
than that due to the action of a single pair. 

1122. If the metal surrounding the zinc be 
copper (1046), and if the acid be nitro-sul- 
phuric acid (1020), then a slight discharge be- 
tween the two contiguous coppers does take 
place, provided there be no other channel open 
by which the forces may circulate; but when 
such a channel is permitted, the return or back 
discharge of which I speak is exceedingly di- 
minished, in accordance with the principles laid 
down in the Eighth Series of these Researches. 

1123. Guided by these principles I was led to 
the construction of a voltaic trough, ip whic^ 
the coppers, passing round both surfaces of the 
zincs, as in Wollaston’s construction, should 
not be separated from each other except by an 
intervening thickness of paper, or in some other 
way, so as to prevent metallic contact, and 
should thus constitute an instrument compact, 
powerful, economical, and easy of use. Qn ex- 
amining, however, what had been done before, 
I found that the new trough was in all essential 
respects the same as that invented and de*^ 
scribed by Dr. Hare, Professor in the Umyer- 
sity of Pennsylvania, to whom I have gjcestk 
pleasure in referring it. 

1124. Dr. HarehasfuUy described hb.troiui^kf 

i PhUoeoptUcal Mngatimt 1824. Vol. XiXXII,^ip; 
241; or Sillimn'e Journal, Vol Vll. Seealso.a pt^ 
vioTis paper by Br. Hare, AnmdB of 
1821. Vol. I, p. 329, in which he speaks c^ the pon- 
neoesaity of in8dati<m between the ooppm 


rangement, and the whole bring excited by 
dilute sulphuric arid, then no insulating divi- 
sions of gl^ porcriainor air would berequbed 
between contiguous platina surfaces; and, 

433 
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& it tibe ^pper plates ave sepa* 

tiM. fay thin veneers of wood, and the add is 
poured on to, or tM, the plates 1:^ a quarter rev- 
olution of an axis, to which both the, trpu|^ 
containing the plates, and another trough to 
edlect and hold the liquid, are fixed. This ar- 
rangement 1 have found the most convenimit 
of any, fmd have therefore adopted it. My sinc 
plates were cut from rolled metal, and when 
soldered to the copper plates had the form de- 
lineated, Fig. 1. These were then bent over a 


L 

Fig.l 


gauge into the form Fig. and when packed 
in the wooden box constructed to receive them, 
were arranged as in Fig. little plugs of cork 



bdng used to keep the sine plates from touch- 
the copper plates, and a single or double 
thickness of cartridge paper being interposed 
between the contiguous surfaces of copper to 
prevent them from coming in contact. Such 
the facility affprded by this arrangement, 
that a trough of folty pairs of plates could be 
unpacked in five minutes, and repacked again 
hi half an hour; and the whole series was not 
ifilore than fifte^ inches in length. 


1125. This trough, of forty pairs of plates 
thiwe mches square, was compared, as to the 
^^^n of a pla&ia wire, the discharge be- 
tween points charcoal, the shock on the hu- 
htain Inune, &c., with forty pairs of four-inch 
l^tesha'^i^doublecoppers, and used in porce- 
lain trod^ divided into insulating cells, the 
itn^ith of the acid mnployed to excite both 
facing the same. In all these effects the formm* 
eqmd to the latter. On com- 
a second trough of the new construe^ 
^iCcmtainingtwmity four-inchplates, 
1|^atxty pairs of ic^iiu^ plates in poree- 
~ B,excij[edb^aindbfthesamestrei^^ 



lOie new trou^ a|^^eared to mirpass the old 
one in producing thm effects, espedaily in the 
ignition of wire. 

1126. In these experiments the new trough 
diminished m its energy much more rapicUy 
than the one on the old construction, and this 
was a necessary consequence of the smaller 
quantity of acid used to m:cite it, which in the 
case of the forty pairs of new construction was 
only one-seventh part of that used for the forty 
pairs in the porcelain troughs. To compare, 
therefore, both forms of the voltaic trough in 
their decomposing powers, and to obtain ac- 
curate data as to their relative values, fexperi- 
ments of the following kind were maae. The 
troughs were charged with a known quantity 
of acid of a known strength; the electnc cur- 
rent was passed through a voltarelectrometer 
(711) having electrodes 4 inches long and 2.3 
inches in width, so as to oppose as little ob- 
struction as possible to the current; the gases 
evolved were collected and measured, and gave 
the quantity of water decomposed. Then the 
whole of the charge used was mixed together, 
and a known part of it analysed, by being pre- 
cipitated and boiled with excess of carbonate 
of soda, and the precipitate well-washed, dried, 
ignited, and weighed. In this way the quantity 
of metal oxidiz^ and dissolved by the acid 
was ascertained; and the part removed from 
each zinc plate, or from all the plates, could be 
estimated and compared with the water de- 
composed in the volta-electrometer. To bring 
these to one standard of comparison, I have re- 
duced the results so as to express the loss at the 
plates in equivalents of zinc for the equivalent 
of water decomposed at the volta-electrometer: 
I have taken the equivalent number of water 
as 9, and of zinc as 32.5, and have considered 
100 cubic inches of the mixed oxygen and hy- 
drogen, as they were collected over a pneu- 
matic trough, to result from the decomposition 
of 12.68 grains of water. 

1127. The acids used in these e^riments 
were three: sulphuric, ifitric, and muriatic. The 
sulphuric acid was strong oil of vitriol; one 
cubical inch of it was equivalent to 486 grains 
of marUe. The nitric acid was very nearly 
pure; one cubical inch dissolved 150 g^raihs of 
marble. The muriatic acid was -also umAy pure, 
and one cubical inch dissolved 108 giai^ of 
marble, Thede were always mixed with v^ater 
by volumes, tiie standard of volume a 
cubical inch. 

1128. Ai^ add was pi^ared 

parts {3^ liAfiEpburic add, dud 4 
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parts nitric add; aad both my trbt^ 

(HHitainmg forty pairs of three^inch (dates, and 
four porcdain troughs, arranged in succession, 
eadi containing ten pairs of plates with double 
coppers four inches square, were charged. These 
two batteries were then used in succession, and 
the action of each was allowed to continue for 
twenty or thirty minutes, until the charge was 
nearly exhausted, the connexion with the volta- 
electrometer being carefully preserved during 
the whole time, and the acid in the troughs oc- 
casionally mixed together. In this way the 
former trough acted so well, that for each equiv- 
alent of water decomposed in the volta-elec- 
trometer only from 2 to 2.5 equivalents of sine 
were dissolved from each plate. In four experi- 
ments the average was 2.21 equivalents for each 
plate, or 88.4 for the whole battery. In the ex- 
periments with the porcelain troughs, the equiv- 
alents of consumption at each plate were 3.54, 
or 141.6 for the whole battery. In a perfect vol- 
taic battery of forty pairs of plates (991, 1001) 
the consumption would have been one equivar 
lent for each zinc plate, or forty for the whole. 

1129. Similar experiments were made with 
two voltaic batteries, one containing twenty 
pairs of four-inch plates, arranged as I have 
described (1124), and the other twenty pairs of 
four-inch plates in porcelain troughs. The aver- 
age of five experiments with the former was a 
consumption of 3.7 equivalents of zinc from 
each plate, or 74 from the whole: the average 
of three experiments with the latter was 5.5 
equivalents from each plate, or 110 from the 
whole: to obtain this conclusion two experi- 
ments were struck out, which were much against 
the porcelain troughs, and in which some un- 
known deteriorating influence was supposed to 
be accidentally active. In all the e}q)^m6nts, 
care was taken not to compare new and old 
plates together, as that would have introduced 
serious errors into the concludons (1146). 

1130. When ten pairs of the new arrange- 
ment were used, the consumption of zinc at 
eadi plate was 6,76 equivalents, or 67.6 for the 
whole. With ten pairs of the common construc- 
tion, in a porcelain trough, the zinc oxidized 
was, upon an average, 15;5 equivalents for 
each plate, or 155 for the ^tire trough. 

1131. No doubt, thi^ore, can remain of the 
equality m* even the great superiority of this 
form of voltaic battery over the best previously 
in use, namely, that with double coppers, in 
which.the cells are insulated. The instdfirion of 
the (K>^p6a:s;nm^ therefeu^ be dispensed with; 

ills that droumstaiioe whi(4 


permits of such other dtoatiions in ihe 
striiction of the fa'ough as ^ves it its practical 
advantages. 

1132. The advantages of this form of trouc^ 
are very numerous and great. Litis exceeding^ 
ly compact, for 100 pairs of plates need not oc- 
cupy a trough of more than three feet in lengt'L 
iL By Dr. Hare’s plan of making the trou^ 
turn upon copper pivots which rest upon cop- 
per bearings, the latter afford fixed terminal 
tions; and these I have found it very conven- 
ient to connect with two cups of mercury, 
fastened in the front of the stand of the instru- 
ment. These fixed terminations give the great 
advantage of arranging an apparatus to be 
used in connexion with the battery before the 
latter is put into action, iii. The trough is put 
into readiness for use in an instant, a single jug 
of dilute acid being sufficient for the charge of 
100 pairs of four-inch plates, iv. On making the 
trough pass through a quarter of a revolution, 
it becomes active, and the great advantage is 
obtained of procuring for the experiment the 
effect of the first contact of the zinc and acid, 
which is twice or sometimes even thrice that 
which the battery can produce a minute or two 
after (1036, 1150), v. When the experiment is 
completed, the acid can be at once poured 
from between the plates, so that the battery is 
never left to waste during an unconnected stote 
of its extremities; the acid is not unnecessarily 
exhausted; the zinc is not uselessly consumed; 
and, besides avoiding these evils, the charge ia 
mixed and rendered uniform, which produces 
a great and good result (1039) ; and, upon pro- 
cei^ng to a second experiment, the important 
effect of first contact is again obtained, vi. The 
saving of zinc is very great. It is not merely 
that, whilst in action, zinc performs more 
voltaic duty (1128, 1129), but M the destruc- 
tion which takes place with the ordinary forms 
of battery between the e^riments is pre- 
vented. This saving is of such extent, that I es- 
timate the zinc in the new form of battery to 
be thrice as effective as that in the ordu^ry 
form. vii. The importance of this saying of 
metal is not merely that the value of the zinc ib 
saved, but that the battery is mudi lighter aUd 
more manageable; and also that the suifacescl 
the rinc and copper plates may be brc^ai^ 
much nearer to each other when the battery || 
constructed, and remam so until it is 
die latt^ is a very important sdvantagei 
vifi. Agam, as, in consequence of dm savn^ 
thinxmr {dates will perform thiidi: 

ones, rolled zinc may be UBed;mid 1 hav^feimd 
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maidiRr^yB atteaddd to unth ilkep^ce- 
kkt trough l^atteiies in the exp^sm^te der 
flciibed <1125| &c.). If a few foul plates are 
mfegled with many clean ones, they make the 
action in the different cells irreguW, and the 
tw^rabfe power is accordingly diminished, 
whilst the local and wasted power is increased. 
No old charge containing copper should be 
used to excite a battery. 

1146. New and old plates. I have found vdi- 
taic batteries far more powerful when the plates 
were new than when they have been used two 
or three times; so that a new and a used bat- 
tery cannot be compared together, or even a 
battery with itself on the first and after times 
of use. My trough of twenty pairs of four-inch 
plates, charged with acid consisting of 200 
water, oil of vitriol, and 4 nitric acid, lost, 
np&a the first time of being used, 2.32 equiva- 
lents per plate. When used after the fourth 
time with the same charge, the loss was from 
3J26.to 4.47 equivalents per plate; the average 
being 3.7 equivalents. The first time the forty 
pair of plates (1124) were used, the loss at each 
plate was only 1.65 equivalent; but afterwards 
it became 2.16, 2.17, 2.52. The first time twenty 
pair of four-inch plates in porcelain troughs 
were used, they lost, per plate, only 3.7 equiv- 
alents; but after that, the loss was 5.25, 5.36, 
5.9 equivalents. Yet in all these cases the zincs 
Jhad been well-cleaned from adhering copper, 
dbc., before each trial of power. 

1147. With the rolled zinc the fall in force 
soon appeared to become constant, i.e., to pro- 
ceed no further. But with the cast zinc plates 
b^on^ng to the poi*celain troughs, it appeared 
to continue, until at last, with the same charge, 
each {date lost above twice as much zinc for a 
given amount of action as at first. These troughs 

however, so irregular that I could not al- 
s^iys determine the circumstances affecting 
tto: amount of electrolytic action. 

. 1148* Vidnity of the copper and zinc. The im- 
pcatssice of this point in the construction of 
vdifeJc arrangements, and the greater power, 
as to immediate action, which is obtained when 
aiiic copper surfaces are near to each 
otto than when removed faither apart, are 
l that Ihe power is not only 
greataulf tolbe itoant, but al^ that the sum of 
tisuoife^ble pow^, in relation to the whole 
fto of ichemical at^n at the plates, is much 
hmaased. The cause of this gain is very evi- 
idliht. 'Whatever tends to retaj^ the circulation 
;^the transferable force (Le., the electricity) 
pzaSariteB the proportion offmieh force, and 


increases the proportion of that :^hi^ is lo<^ 
(996, 1120). Now the liquid in tike cells pOfh 
sesses this retarding power, and therefore acts 
injuriously, in greater or less proportion, ao* 
cording to the quantity of it between the tine 
and copper plates, i.e., according to the dis- 
tances between their surfaces. A trough, there- 
fore, in which the plates are only half the 
distance asunder at which they are placed in 
another, will produce more transferable, and 
less local, force than the latter; and thus, bor 
cause the electrolyte in the cells can transmit 
the current more readily, both the intensity 
and quantity <of electricity is increased for a 
given consumption of zinc. To this circum- 
stance mainly I attribute the superiority W the 
trough I have described (1134). \ 

1149. The superiority of double coppcra over 
single plates also depends in part upon dnnm- 
ishing the resistance offered by the electr^yte 
between the metals. For, in fact, with double 
coppers the sectional area of the interposed 
acid becomes nearly double that with single 
coppers, and therefore it more freely transfers 
the electricity. Double coppers are, however, 
effective, mainly because they virtually double 
the acting surface of the zinc, or nearly so; for 
in a trough with single copper plates and the 
usual construction of cells, that surface of zinc 
which is not opposed to a copper surface is 
thrown almost entirely out of voltaic action, yet 
the acid continues to act upon it and the met- 
al is dissolved, producing very little more than 
local effect (947, 996). But when by doubling 
the copper, that metal is opposed to the second 
surface of the zinc plate, then a great part of the 
action upon the latter is converted into trans- 
ferable force, and thus the power of the trough 
as to quantity of electricity is highly exalt^. 

1150. First immersion of the plates. The great 
effect produced at the first immersion of the 
plates (apart from their being new or used 
[1146]) I have attributed elsewhere to the un- 
changed condition of the acid in contact with 
the zinc plate (1003, 1037) : as the acid becomes 
neutralized, exciting pbwer is proportion- 
abiy diminished. Harems form of trough secures 
much advantage of this kind, by mingling the 
liquid, and bringing what may be considered 
as a fresh surface of acid against the plates 
every time it is used immediately after a rest. 

1151. Number qf plates} The most advan** 
tageous number of idates in a battery liused for 
ch^Qoical decomposition d^nds almost 

tOmy-Ltitee and Thenard, AeeSare&et 

VoU 1, p. 99. ; s . ; \ 
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tSrely upon {he rej^stanee td be otensexne At 
the place of action; but whateir^ that re^t- 
ance may be, there is a certain number whidi 
is more economical than either a greater or a 
less. Ten pairs of fouMnch plates in a porcelain 
trough of the ordinary construction, acting in 
the volta-electrometer (1126) upon dilute sul- 
phuric acid of spec. gray. 1.314, gave an aver- 
age consumption of 15.4 equivalents per plate, 
or 154 equivalents on the ^ole. Twenty pairs 
of the same plates, with the same acid, gave 
only a consumption of 5.5 per plate, or 110 
equivalents upon the whole. When forty pairs 
of the same plates were used, the consumption 
was 3.54 equivalents per plate, or 141.6 upon 
the whole battery. Thus the consumption of 
zinc arranged as twenty plates was more advan- 
tageous than if arranged either as fen or as forty. 

1152. Again, ten pairs of my four-inch plates 
(1129) lost 6.76 each, or the whole ten 67.6 
equivalent of zinc, in effecting decomposition; 
whilst twenty pairs of the same plates, excited 
by the same acid, lost 3.7 equivalents each, or 
on the whole 74 equivalents. In other compar- 
ative experiments of numbers, ten pairs of the 
three inch-plates (1125) lost 3.725, or 37.25 
equivalents upon the whole ; whilst twenty pairs 
lost 2.53 each, or 50.6 in all ; and forty pairs lost 
on an average 2.21, or 88.4 altogether. In both 
these cases, therefore, increase of numbers had 
not been advantageous as to the effective pro- 
duction of transferable chemical power from the 
whole qmniity of chemical force active at the 
surfaces of excitation (1120). 

1153. But if lhadusedaweakeracidoraworse 
conductor in the volta-electrometer, then the 
number of plates which would produce the 
most advantageous effect would have risen; or 
if I had used a better conductor than that really 
employed in the volta-electrometer, I might 
have reduced the number even to one; as, for 
instance, when a thick wire is used to complete 
the circuit (865, &g.). And the cause of these 
variations is very evident, when it is considered 
that each successive plate in the voltaic ap- 
paratus does not add anything to the qmntity 
of transferable! power or electricity wUch the 
first plate can put into motion, provided a 
good conductor be present, but tends only to 
exalt the intensity of that quantity, so as to 
make it more able to overcome tihe ol^truothm 
of bad conductors (994, 1168). 

1154. Large or maU plates.^ The advanta- 
geouB useof large or sm^ plates for eleckdy- 

Osyrtiussao" and l^nai^ Bseherihss 
Vcl. I. p, 29. 


satidns v^ evidently dq^d upon the laciltly 
irith which the tra^^afale power of electri<* 
city can pass. If in a particular case the mo^ 
^eetual number of plates is known (1151)| 
then the addition of more zinc would be mok 
advantageoudy made in increasing the sm of 
the plates, and not their number. At the same 
time, large increase in the size of the plates 
would raise in a small degree the most favour- 
able number. 

1155. Large and small plates should not be 
used together in the same battery: the small 
ones occasion a loss of the power of the large 
ones, unless they be excited by an acid propor- 
tionably more powerful ; for with a cert^ acid 
they cannot transmit the same portion of dec- 
tricity in a given time which the same acid can 
evolve by action on the larger plates. 

1156. SimuUaneove decompositions. When the 
number of plates in a battery much surpasses 
the most favourable proportion (1151—1153), 
two or more decompositions may be effected 
simultaneously with advantage. Thus my forty 
pairs of plates (1124) produced in one volta- 
electrometer 22.8 cubic inches of gas. Being re- 
charged exactly in the same maxmer, they pro- 
duced in each of two volta-electrometers 21 
cubical inches. In the first experiment the 
whole consumption of zinc was 88.4 equiva- 
lents, and in the second only 48.28 equivalents, 
for the whole of the water decomposed in both 
volta-electrometers. 

1157. But when the twenty pairs of four^nch 
plates (1129) were tried in a similar manner, 
the results were in the opposite direction. Witii 
one volta-electrometer 52 cubic inches of gas 
were obtained; with two, only 14.6 cubic 
inches from each. The quantity of dmrge was 
not the same in both cases, though it was of the 
same strength; but on rendering the results 
comparative by reducing them to equivalents 
(1126), it was found tiiat the consumption d 
metal in the first ease was 74, and in the second 
case 97, equivatents for tiie whole of the water 
decompose. These results of couise dep^ 
upon the same circumstances of retardation, 

which have been refened to in speaking of 
tiie proper number of plates (1151). 

1158. That tiie transferring, or, as it is usu* 
ally called, eondnctihg, power of an deetrcllyte 
wMch is to be decomposed, or other intqiibA^ 
body, tiiould be rendered as good mpoA&M,^ 
is very evident (1020, 1120). Witiiai perfecSiy 
good conductor and a good faatt^, nearly lA 

*Qay-l<e|iMiio and Thenard, JteeKwIiAw fhykioo^ 
L PP. 13. 15, 22. s 
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tiie electricity k passed, i.e<, nearly aU the 
ehemicalpow^ becomes transferable, even with 
a single pair of plates (867). With an inter- 
posed non-conductor none of the chemical 
power becomes transferable. With an imper- 
fect conductor more or less of the chemical pow- 
er becomes transferable as the circumstances 
favouring the transfer of forces across the im- 
perfect conductor are exalted or diminished: 
these circumstances are actual increase or im- 
provement of the conducting power, enlarge- 
ment of the electrodes, approximation of the 
electrodes, and increas^ intenmty of the pass- 
ing current. 

1159. The introduction of common spring 
water in place of one of the volta-electrometers 
used with twenty pairs of four-inch plates 
(1156) caused such obstruction as not to allow 
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one-fifteenth of the transferable force to pass 
which would have circulated without it. Thus 
fourteen-fifteenths of the available force of the 
battery were destroyed, being converted into 
local force (which was rendered evident by the 
evolution of gas from the zincs), and yet the 
platina electrodes in the water were three in- 
ches long, nearly an inch wide, and not a quarter 
of an inch apart. 

1160. These points, i.e., the increase of con- 
ducting power, the enlargement of the elec- 
trodes, and their approximation, should be es- 
pecially attended to in voltoreledrometera. The 
principles upon which their utility depei^ are 
so evident that there can be no occasioln for 
further development of them here. 

Royal InstituHon, October 11, 1834 


FAEADAY 


ELEVENTH SERIES 

§ 18 . On Induction i. Induction an Action of Contiguous Par-- 
tides If ii. On the Absolute Charge of Matter If iii. Electrometer and 
Inductive Apparatus Employed If iv. Induction in Curved Lines 
If V. On Specific Induction^ or Specific Inductive Capacity If vi. 


General Results as to Induction 

Hsceived Novembeh 30, 

If i. Indvclion an Action of Contiguoue Particles 

1161. The science of electricity is in that state 
in which every part of it requires experimental 
investigation; not merely for the discovery of 
new effects, but what is just now of far more 
importance, the development of the means by 
wldch the old effects are produced, and the 
consequent more accurate determination of the 
first principles of action of the most extraordi- 
nary and universal power in nature: and to 
those philosophers who pursue the inquiry zeal- 
ouriy yet cautiously, combining experiment 
with analogy, suspidous of their preconceived 
notions, paying more respect to a fact than a 
theory, not too hasty to generalize, and above 
all thk^, willing at every step to cross-examine 
their own opinions, both by reasoning and ex- 
periment, no branch of knowledge can afford 
so fine and ready a field for discovery as this. 
Such is most abundantly shown to be the case 
the progress which dectricity has made in 
W last thirty years: chemistry and magnetism 
successively acknowled^ its over-ruling 
J|||uen^; and it is probable that every effect 
upon the powers of inorganic mat- 
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ter, and perhaps most of those related to vege- 
table and animal life, will ultimately be found 
subordinate to it. 

1162. Amongst the actions of different kinds 
into which electricity has conventionally been 
subdivided, there is, I think, none which ex- 
cels, or even equals in importance, that called 
induction. It is of the most general influence in 
electrical phenomena, appearing to be con- 
cerned in every one of them, and has in reality 
the character of a first, essential, and funda- 
mental principle. Its comprehension is so im- 
portant that I think we cannot proceed much 
further in the investigation of the laws of elec- 
tricity without a more thorough understanding 
of its nature: how otherwise can we hope to 
comprehend the harmony and even unity of 
action which doubtless governs dectrical ex- 
citement by friction, by chemical means, by 
heat, by magnetic i^uence, by evaporation, 
and even by the living being? 

1163. In the long-continu^ course of experi- 
mental inquiry in which I have been engaged, 
this general result has pressed upon me con- 
stancy, namdy , the necessity of admitting two 
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forces, or two forms or directions of a force 
(516, 517), ccmibined with the impossibiUty of 
separating these two forces (or electricities) 
from each oth^, dither in the phenomena of 
statical electricity or those of the current. In 
association with this, the impossibility under 
any circumstances, as yet, of absolutely charg- 
ing matter of any kind with one or the other 
electricity only, dwelt on my mind, and made 
me wish and search for a clearer view than any 
that I was acquainted with, of the way in which 
electrical powers and the particles of matter 
are related ; especially in inductive actions, upon 
which almost all others appeared to rest. 

1164. When I discovered the general fact 
that electrolytes refused to yield their dements 
to a current when in the solid state, though 
they gave them forth freely if in the liquid con- 
dition (380, 394, 402), I thought I saw an open- 
ing to the elucidation of inductive action, and 
the possible subjugation of many dissimilar 
phenomena to one law. For let the electrolyte 
be water, a plate of ice being coated with plat- 
ina foil on its two surfaces, and these coatings 
connected with any continued source of the 
two electrical powers, the ice will charge like a 
Leyden arrangement, presenting a case of com- 
mon induction, but no current will pass. If the 
ice be liquefied, the induction will fall to a cer- 
tain degree, because a current can now pass; 
but its passing is dependent upon a peculiar 
molecular arrangeinent of the particles consist- 
ent with the transfer of the elements of the 
electrolyte in opposite directions, the degree of 
discharge and the quantity of elements evolved 
being exactly proportion^ to each other (377, 
783) . Whether the charging of the metallic coat- 
ing be effected by a powerful electrical ma- 
chine, a strong and large voltaic battery, or a 
single pair of plates, makes no difference in the 
principle, but only in the degree of action (360). 
Common induction takes place in each case if 
the electrolyte be solid, or if fluid, chemical ac- 
tion and decomposition ensue, provided op- 
posing actions do not interfere; and it is of 
high importance occasionally thus to compare 
effects in their extreme degrees, for the pur- 
pose of enabling us to comprehend the nature 
of an action in its weak state, which may be 
only sufficiently evident to us in its stronger 
condition (451). As, therefore, in the electro- 
lytic action, induction appeared to be the first 
step, and decomposition the second (the power 
of separating tlmse steps from each other by 
giving the solid or fluid condition to the elec- 
trolyte being in our handis); as the induction 


was tiie same in its nature as that through airi 
glass, wat, dbc., produced by any of the ordi- 
nary means; and as the whole effect in the deo- 
trolyte ai^ared to be an action of the particles 
thrown into a peculiar or polarized state, I was 
led to suspect tiiat common induction itsdf 
was in all cases an action of cordiguous partideSf^ 
and that electrical action at a distance (Le., 
ordinary inductive action) never occurred ex- 
cept through the influence of the intervening 
matter. 

1165. The respect which I entertain towards 
the names of Epinus, Cavendish, Poisson, and 
other most eminent m^, all of whose theories 
I believe consider induction as an action at a 
distance and in strai^t lines, long indisposed 
me to the view I have just stated; and though 
I always watched for opportunities to prove 
the opposite opinion, and made such experi- 
ments occasionally as seemed to bear directly 
on the point, as, for instance, the examination 
of electrolytes, solid and fluid, whilst under in- 
duction by polarized light (951, 955), it is only 
of late, and by degrees, that the extreme gen- 
erality of the subject has urged me still further 
to extend my experiments and publish my view. 
At present I believe ordinary induction in all 
cases to be an action of contiguous partides 
consisting in a species of polarity, instead of 
being an action of either particles or masses at 
sensible distances; and if this be true, the dis- 
tinction and establishment of such a truth 
must be of the greatest consequence to our 
further progress in the investigation of the na- 
ture of kectric forces. The liiiked condition of 
electrical induction with chemical decomposi- 
tion; of voltaic excitement with chemical ac- 
tion; the transfer of elements in an electrolyte; 
the original cause of excitement in all cases; 
the nature and relation of conduction and in- 
sulation; of the direct and lateral or transverse 
action constituting electricity and magnetism; 
with many other things more or less incompre- 
hensible at present, would all be affected by it, 
and perhaps receive a full explication in their 
reduction under one general law. 

1166. 1 searched for an unexceptionable test 
of my view, not merely in the accordance of 
known facts with it, Imt in the consequences 
which would flow from it if true; especially in 

I The word oontiguoua is perhaps not the heaft 
xnieht have been used here and elsewhere; for as 
particles do not todch each other it is not strictly 
correct. I was induced to employ it, because in its 
common acceptation it enabled me ta state the the- 
ory plainly and witii facility. By contiguous partielai 
1 mean those whi<m are next.— Dec. 1838. 
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wliicl^^cmld not be cacudsteiit with the 
tlieory of aoticm at a distance* Such a eonee- 
qu’^ce seemed to me to present itself in the di- 
rection in which inductive action could be ex- 
erted. If in straight lines only, though not 
hapC decisive, it would be against my view; but 
if in curved lines also, that would a naWal 

result of the action of contiguous particles, but, 
as I think, utterly incompatible with action at 
a distance, as assumed by the received theories, 
which, according to every fact and analogy we 
are acquainted with, is alwa 3 rs in straight lines. 

1167. Again, if induction be an action of con- 
tiguous particles, and also the first step in the 
process of electrolyzation (949, 1164), there 
seemed reason to expect some particular rela- 
tiionof it to the different kinds of matter through 
which it would be exerted, or something equiv- 
ateit to a specific electric induction for Afferent 
bodies, which, if it existed, would unequivocally 
prove the dependence of induction on the par- 
ticles; and though this, in the theory of Poisson 
and others, has never been supposed to be the 
case, I was soon led to doubt the received opin- 
ion, and have taken great pains in subjecting 
this point to close experimental examination. 

1168. Another ever-present question on my 
mind has been, whether electricity has an ac- 
tual and independent existence as a fluid or 
fluids, or was a mere power of matter, like what 
we conceive of the attraction of gravitation. 
If determined either way it would be an enor- 
mous advance in our knowledge; and as having 
the most direct and influential bearing on my 
notions, I have always sought for experiments 
which would in any way tend to elucidate that 
great inquiry. It was in attempts to prove the 
existence of electricity separate from matter, 
by giving an independent charge of either posi- 
tive or negative power only, to some one sub- 
stance, and the utter failure of all such attempts, 
whatever substance was used orwhatevermeans 
of exdting or evolving electricity were employed, 
timt fimt drove me to look upon induction as 
m action of the particles of matter, each hav- 
ing hoik forces devdoped in it in exactly equal 
amouht. It is this circumstance, in connexion 
withotihers, whicbmakesmedesirous of placing 
the remarks on absolute charge first, in the or- 
(ter of proof and aigument, which I am about 
to adduce in favour of my view, that electric 
iibdhction is an a^ipn of the contiguous parti- 
^ of the insulatiug xpedtum or dielectric^ 

^ (1^6 word ditfbefrje to that substazioe 

iW aeroBs which the electric lor ces are aotUtgi 

W8. 


f ii. On the Aheciide Charge ef Matter ' 

1169. Can mattw, dther conducting or non- 
conducting, be charged with one electric force 
independently of the other, in any degree, either 
in a sensiUe or latent state? 

1170. The beautiful experiments of Coulomb 
upon the equality of action of conductors, what- 
ever their substance, and the residence of all 
the electricity upon their surfaces,* are suffi- 
cient, if properly viewed, to prove that conduc- 
tors cannot he bodily charged', and as yet no 
means of communicating electricity to a con- 
ductor so as to place its particles in relation to 
one electricity^*and not at the same time to the 
other in exactiy equal amount, has beep dis- 
covered. 

1171. With regard to electrics or noncon- 
ductors, the condusion does not at first ^em 
so clear. They may easily be electrified bod|ily, 
dther by communication (1247) or excitement; 
but being so charged, every case in succession, 
when examined, came out to be a case of in- 
duction, and not of absolute charge. Thus, 
glass within conductors could easily have parts 
not in contact with the conductor brought into 
an excited state; but it was always found that 
a portion of the inner surface of the conductor 
was in an opposite and equivalent state, or 
that another part of the glass itself was in an 
equally opposite state, an inductive charge and 
not an absolute charge having been acquired. 

1172. Well-purified oil of turpentine, which 
I find to be an excellent liquid insulator for 
most purposes, was put into a metallic vessel, 
and, being insulated, an endeavour was made 
to charge its particles, sometimes by contact of 
the metal with the dectrical machine, and at 
others by a wire dipping into the fluid within; 
but whatever the mode of communication, no 
electricity of one kind only was retained by the 
arrangement, except what appeared on the exte- 
rior surface of the metal, that portion being pres- 
ent there only by an inductive action through 
the air to ihe surrounding conductors. When 
the oil of turpentine was confined in glass ves- 
sels, there were at first some appearances as if 
the fluid did reodve an absolute charge of dec- 
tricity from the charging wire, but &ese were 
quicldy reduced to cases of common induction 
jointly through the fluid, the glass, and tte 
surrounding air. 

1173. 1 carried these experiments on with 
air to a very great extent. I had a chamber 
built, bdng a cube of twdve feet. A slight eo- 

^Minunrss de VAcadimie, 1786, pp. 67^ 69,. 72; 
1787, p. 452. 
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Incal 'i^ooden frame wait eoiistruoted, a&d cop^ 
pier mre pasGted along s^d across it in various 
directions, so as to n^e the sides a large net- 
work, and then all was covered in with paper, 
placed in close connexion with the wires, and 
supplied in every direction with bands of tin 
foU, that the whole mi^t be brought into good 
metallic communication, and rendered a free 
conductor in every part. This chamber was in- 
sulated in the lecture-room of the Royal Insti- 
tution; a glass tube about six feet in length was 
passed through its side, leaving about four feet 
within and two feet on the outside, and through 
this a wire passed from the large electrical ma- 
chine (290) to the air within. By working the 
machine, theairinthischamber could bebrought 
into what is considered a highly electrified state 
(being, in fact, the same state as that of the air 
of a room in which a powerful machine is in 
operation), and at the same time the outside of 
the insulated cube was everywhere strongly 
charged. But putting the chamber in commun- 
ication with the perfect discharging train de- 
scribed in a former series (292), and working 
the machine so as to bring the air within to its 
utmost degree of charge if I quickly cut off the 
connexion with the machine, and at the same 
moment or instantly after insulated the cube, 
the air within had not the least power to com- 
municate a further charge to it. If any portion 
of the air was electrified, as glass or other in- 
sulators may be charged (1171), it was accom- 
panied byacorrespondingoppositeactiont&tf/tin 
the cube, the whole effect bring merely a case 
of induction. Every attempt to charge air bod- 
ily and independently with the least portion of 
either electricity failed. 

1174. 1 put a delicate gold-leaf electrometer 
within the cube, and then charged the whole 
by an oiUside communication, very strongly, 
for some time together; but neither during the 
charge or after the discharge did the electrome- 
ter or air within show the least signs of elec- 
tricity. I charged and discharged the whole ar- 
rangement in various ways, but in no case could 
1 obtain the least indication of an absolute 
charge; or of one by induction in which the 
electricity of one kind had the smallest supe- 
riority in quantity over the otiier. I wmt into 
the cube ami lived in it; and using lighted can- 
dles, electrometers, and aU other tots of riec- 
trical states, I could riot find the least infiu^iee 
upon them, or indication of anythmg ptarticular 
given by tom, thotf^ all to time the outside 
of the cito was jioweiluUy riiarged, and teotBO 
spaiksand brushes were dairti^g off from 


pBst of its outer surface. The condiurionlliave 
come to is that non-conductors, as well as con- 
ductors, have never yet had an absolute and 
independent charge of one electricity commun- 
icato to them, and that to all appearance such 
a state of matter is impossible. 

1175. Th^e is another view of this question 
which may be taken under the supposition of 
the existence of an electric fluid or fluids. It 
may be impossible to have one fluid or state in 
a free condition without its producing by in- 
duction the other, and yet possible to have 
cases in which an isolated poriion of matter in 
one condition bring uncharged shall, by a change 
of state, evolve one electricity or the other: 
aiKi though such evolved electricity might im- 
mediately induce the opposite state in its nei^ 
bourhood, yet the mere evolution of one eleo- 
tricity without the other in the first instancSf 
would be a very important fact in the theories 
which assume a fluid or fluids; these theories as 
I understand them assignmg not the slightest 
reason why such an effect should not occur. 

1176. But on searching for such cases I can- 
not find one. Evolution by friction, as is well 
known, gives both powers in equal proportion. 
So does evolution by chemical action, notwith- 
standing the great diversity of bodies which 
may be employed, and the enormous quantity 
of electricity which can in this manner be evolved 
(371, 376, 861, 868, 961). The more promising 
cases of change of state, whether by evapora- 
tion, fusion, or the reverse processes, still give 
both forms of the power in equal proportion; 
and the cases of splitting of mica and other 
crystals, the breaking of sulphur, Ac., are sub- 
ject to the^same law of limitation. 

1177. As far as experiment has proceeded, it 

appears, therefore, impossible either to evolve 
or make disappear one electric force without 
equal and corresponding change in the other. 
It is also equally impossible experimentally to 
charge a portion of matter with one rieririe 
force independmtly of the other. Charge al- 
ways implies indudim, for it can in no instance 
be effected without; and also the presence of 
the two fmns of power, equally at the moipjeEit 
of the development and afterwards. There;^ 
no absoMs riiiarge of matter with one flmd^m 
laten^ of a single riectririty. This ri 

negativeresult is an exceedingly importa^on^ 
bri^ pttobly the consequence of a itomel 
imposrifajili'fy, which will become tor to m 
when we pi^erstand the true 

Irieory of the totric power* 
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117B* The preceding eat&siderationB already 
point to the following ooncluaions: bodies can- 
not be charged absolutely, but only relatively, 
and by a principle which is the same with that 
of induction. AU charge is sustained by induc- 
tion. All phenomena of intensity include the 
principle of induction. All excitation is depend- 
ent on or directly related to induction. All cur- 
rente involve previous intendty and therefore 
previous induction. Induction appears to be 
the essential function both of the first develop- 
ment and the consequent phenomena of elec- 
tricity. 

^ iii. Ekctfometer and Inductive Apparatus 
Employed 

1179. Leaving for a time the further consid- 
eration of the preceding facts until they can be 
collated with other results bearing directly on 
the great question of the nature of induction, I 
will now describe the apparatus I have had oc- 
casion to use; and in proportion to the impor- 
tance of the principles sought to be established 
is the necessity of doing this so clearly, as to 
leave no doubt of the results behind. 

llSO.Electrometer. Themeasuringinstrument 
I have employed has been the torsion balance 
electrometer of Coulomb, constructed, gener- 
ally, according to his directions,^ but with cer- 
tain variations and additions, which I will briefly 
describe. The lower part was a glass cylinder 
eight inches in height and eight inches in di- 
ameter; the tube for the torsion thread was 
seventh inches in length. The torsion thread 
itself was not of metal, but glass, according to 
the excellent suggestion of the late Dr. Ritchie.* 
It was twenty inches in length, and of such 
tenuity that when the shellac lever and at- 
tached ball, &c., were connected with it, they 
made about ten vibrations in a minute. Itwould 
bear torsion through four revolutions or 1440®, 
and yet, when released, return accurately to 
, its position; probably it would have borne con- 
siderably more than this without injury. The 
repelled ball was of pith, gilt, and was 0.3 of an 
iitdi in diameter. The horizontal stem or lever 
supporting it was of shellac, according to Cou- 
IcK^b’s direction, the arm carrying the ball be- 
ing 2.4 inches long, and the other only 1.2 in- 
dues: to this wasattached the vane, alsodescribed 
by Coulomb, which I found to answer admir- 
ably its purpose of quickly destroying vibra- 
^ons. That the inductive action within the 
dectrometer mi^t be uniform in all positions 

^ de VActMmU, 1785, p. 670. 
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cS the repelled ball and in all states of the ap- 
paratus, two bands of tinfoil, about an inch 
wide each, were attached to the inner surface 
of the glass cylinder, going entirely round it, at 
the distance of 0.4 of an inch from each other, 
and at such a height that the intermediate 
clear surface was in the same horizontal plane 
with the lever and ball. These bands were con- 
nected with each other and with the earth, and, 
being perfect conductors, always exerted a uni- 
form influence on the electrified balls within, 
which the glass surface, from its irregularity of 
condition at different times, I found, did not. 
For the purfxSae of keeping the air within the 
electrometer in a constant state as to dr j^ess, 
a glass dish, of such size as to enter easily ^thin 
the cylinder, had a layer of fused potash placed 
within it, and this being covered with a disc of 
fine wire-gauze to render its inductive action 
uniform at all parts, was placed within the'in- 
strument at the bottom and left there. 

1181. The movable ball used to take and 
measure the portion of electricity under exam- 
ination, and which may be called the repelling ^ 
or the carrier f ball, was of soft alder wood, well 
and smoothly gilt. It was attached to a fine 
shellac stem, and introduced through a hole 
into the electrometer according to Coulomb^s 
method: the stem was fixed at its upper end in 
a block or vice, supported on three short feet; 
and on the surface of the glass cover above was 
a plate of lead with stops on it, so that when 
the carrier ball was adjusted in its right posi- 
tion, with the vice above bearing at the same 
time against these stops, it was perfectly easy 
to bring away the carrier-ball and restore it to 
its place again very accurately, without any 
loss of time. 

1182. It is quite necessary to attend to cer- 
tain precautions respecting these balls. If of 
pith alone they are bad; for when very dry, 
that substance is so imperfect a conductor that 
it neither receives nor gives a charge freely, 
and so, after contact with a charged conductor, 
itisliable to be in an uncertain condition. Again, 
it is difficult to turn pith so smooth as to leave 
the ball, even when gilt, so free from irregular- 
ities of form, as to retain its charge undimin- 
ished for a considerable length of time. When, 
therefore, the balls are finally prepared and 
gilt they should be examined; ai^ being elec- 
trified, unless they can hold their charge with 
very little diminution for a considerable time, 
and yet be discharged instantly and perfectly 
by the toudb of an uninsulated conductor, thqy 
should be dismissed. 
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1183. It is, perhaps, unnecessary to refer to 
the graduation of the instrument, further than 
to explain how the observations were made. On 
a circle or ring of paper on the outside of the 
glass cylinder, fixed so as to cover the internal 
lower ring of tinfoil, were marked four points 
corresponding to angles of 90® ; four other points 
exactly corresponding to these points being 
mark^ on the upper ring of tinfoil within. By 
these and the adjusting screws on which the 
whole instrument stands, the glass torsion thread 
could be brought accurately into the centre of 
the instrument and of the graduations on it. 
From one of the four points on the exterior of 
the cylinder a graduation of 90® was set off, 
and a corresponding graduation was placed 
upon the upper tinfoil on the opposite side of 
the cylinder within ; and a dot being marked on 
that point of the surface of the repelled ball 
nearest to the side of the electrometer, it was 
easy, by observing the line which this dot made 
with the lines of the two graduations just re- 
ferred to, to ascertain accurately the position 
of the ball. The upper end of the glass thread 
was attached, as in Coulomb’s original elec- 
trometer, to an index, which had its appropri- 
ate graduated circle, upon which the degree of 
torsion was ultimately to be read off. 

1184. After the levelling of the instrument 
and adjustment of the glass thread, the blocks 
which determine the place of the comer hoR 
are to be regulated (1181) so that, when the 
carrier arrangement is placed against them, 
the centre of the ball may be in the radius of 
the instrument corresponding to 0® on the lower 
graduation or that on the side of the electrom- 
eter, and at the same level and distance from 
the centre as the repelled ball on the suspended 
torsion lever. Then the torsion index is to be 
turned until the ball connected with it (the re- 
pelled ball) is accurately at 30®, and finally the 
graduated arc belonging to the torsion index is 
to be adjusted so as to bring 0® upon it to the 
index. This state of the instrument was adopted 
as that which gave the most direct expression 
of the experimental results, and in the form 
having fewest variable errors; the angular dis- 
tance of 30® being always retained as the stand- 
ard distance to which the balls were in every 
case to be brought, and the whole of the torsion 
being read off at once on the graduated circle 
above. Under these circumstances the distance 
of the balls from each other was not merely the 
same in degree, but their position in the instru- 

I nient, and in iriation to every part of it, was 
actuary the same every time that a measure- 


ment was made; so that all irregidarities aris- 
ing from slight difference of form and action in 
the instrument and the bodies around were 
avoided. The only difference which could oc- 
cur in the position of anything within, con- 
sisted in the deflexion of the torsion thread 
from a vertical position, more or less, accord- 
ing to the force of repulsion of the balls; but 
this was so slight as to cause no interfering dif- 
ference in the symmetry of form within the 
instrument, and gave no error in the amount 
of torsion force indicated on the graduation 
above. 

1185. Although the constant angular dis- 
tance of 30® between the centres of the balls 
was adopted, and found abundantly sensible, 
for all ordinary purposes, yet the facility of 
rendering the instrument far more sensible by 
diminishing this distance was at perfect com- 
mand; the results at different distances being 
very easily compared with each other either by 
experiment, or, as they are inversely as the 
squares of the distances, by calculation. 

1186. The Coulomb balance electrometer re- 
quires experience to be understood; but I think 
it a very valuable instrument in the hands of 
those who will take pains by practice and at- 
tention to learn the precautions needful in its 
use. Its insulating condition varies with cir- 
cumstances, and should be examined before it 
is employed in experiments. In an ordinary 
and fair condition, when the balls were so elec- 
trified as to give a repulsive torsion force of 
400® at the standard distance of 30®, it took 
nearly four hours to sink to 50® at the same dis- 
tance; the average loss from 400® to 300® being 
at the rate of 2.7® per minute, from 300® to 
200® of 1.7® per minute, from 200® to 100® of 
1.3® per minute, and from 100® to 50® of 0.87® 
per minute. As a complete measurement by 
the instrument may be made in much less than 
a minute, the amount of loss in that time is but 
small, and can easily be taken into account. 

1187. The inductive apparatus. My object 
was to examine inductive action carefully when 
taking place through different media, for which 
purpose it was necessary to subject these media 
to it in exactly similar circumstances, and in 
such quantities as should sufice to eliminate 
any variations they might present. The 
requisites of the apparatus to be constructed 
were, therefore, that the inducing surfaces of 
the conductors should have a constant form 
and state, and be at a constant distance from 
each other; and that either solids, fluids, ot 
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Dtd^ be pli&oed and retained} between 
§1686 snrfacee with readiness and certainty, 
and for any length of time. 

1188. The apparatus used may be described 
in general terms as consisting of two metallic 
spheres of unequal diameter, placed, the smaller 
within the larger, and concentric with it ; the in- 
terval between the two being the space through 
which the induction was to take place. A sec- 
tion of it is given (PL IX, Fig. 1) on a scale of 
one-half: a, a are the two l^ves of a brass 
sphere, with an air-tight joint at h, like that of 
the Magdeburg hemispheres, made perfectly 
flush and smooth inside so as to present no ir- 
regularity; c is a connecting piece by which the 
apparatus is joined to a good stop-cock d, which 
is itself attached either to the metallic foot a, or 
to an air-pump. The aperture within the hem- 
isphere at / is very small: is a brass collar 
fitted to the upper hemisphere, through which 
the sheUac support of the inner ball and its 
stem passes; h is the inner ball, also of brass; it 
screws on to a brass stem t, terminated above 
by a brass ball 6; 2, 2 is a mass of shellac, 
moulded carefully on to i, and serving both to 
support and insulate it and its balls A, B. The 
shellac stem I is fitted into the socket by a 
little ordinary resinous cement, more fusible 
than shellac, applied at m m in such a way as to 
give suflicient strength and render the appara- 
tus air-tight there, yet leave as much as pos- 
sible of the lower part of the shellac stem un- 
touched, as an insulation between the ball h 
and the surrounding sphere a, a. The ball h has 
a small aperture at n, so that when the appar- 
atus is exhausted of one gas and filled with an- 
other, the ball h may itself also be exhausted 
and filled, that no variation of the gas in the 
interval o may occur during tbe course of an 
experiment. 

1189. It will be unnecessary to give the di- 
mensions of all the parts, since the drawing is 
to a scale of one-half: the inner ball has a di- 
ameter of 2.33 inches, and the surrounding 
sphere anintemaldiameterof3.57mche8. Hence 
the width of the intervening space, through 
which the induction is to take place, is 0.62 of 
an inch; and the extent of this place or plate, 
i.e. the surface of a medium sph^ may be 
taken as twenty-seven square inches, a quan- 
tity oonridered as sufficiently large for the com- 
parison of different substances. Qreat care was 
taken in finbhing well the inducing surfaces of 
the ball A and sphere a, a; and no vanmh or 
laequ^ was ap|>iied to Ihein, or to any part of 


UOO. The attachment and adjustmait dT 
the sheUac was a matter requiring con- 
siderable care, espedally as, in consequence Of 
its cracking, it had frequently to be renewed. 
The best he was chosen and applied to the 
wire it so as to be in good contact with it every- 
where, and in perfect continuity throughout its 
own mass. It was not smaller than is given by 
scale in the drawing, for when less it frequently 
cracked within a few hours after it was cold. I 
think that very slow cooling or annealing im- 
proved its quality in this respect. The collar g 
was made as thin as could be, that the lac 
might be as wide there as possible. In order 
that at every re-attachment of the stem to the 
upper hemisphere the ball k might have the 
same relative position, a gauge p (PL IX, Fig. 
£) was made of wood, and this being applied to 
the ball and hemisphere whilst the cement at 
m was still soft, the bearings of the ball at q $, 
and the hemisphere at r r, were forced home, 
and the whole left until cold. Thus all difficulty 
in the adjustment of the ball in the sphere was 
avoided. 

1191. I had occarion at first to attach the 
stem to the socket by other means, as a band 
of paper or a plugging of white silk thread; but 
these were very inferior to the cement, inteiv 
fering much with the insulating power of the 
apparatus. 

1192. The retentive power of this apparatus 
was, when m good condition, better than that 
of the electrometer (1186), i.e., the proportion 
of loss of power was less. Thus when the ap- 
paratus was electrified, and also the balls in 
the electrometer, to such a degree, that after 
the inner ball bad been in contact with the top 
it; of the ball of the apparatus, it caused a re- 
pulsion indicated by of torsion force, then 
in falling from 600'^ to 400^ the average loss was 
8.6® per minute; from 4W® to 300® the average 
loss was 2.6® per minute; from 300® to 200® it 
was 1.7® per minute; from 200® to 170® it was I® 
per minute. This was after the apparatus had 
been charged for a short time; at the first in^ 
stant of charging there is an apparent loss of 
dectricity, which can only be comprehended 
hereafter (1207, 1260). 

1193. When the apparatus loses its insulat- 
ing power suddenly, it is almost dways h<m 
a crack near to or within the taass 
These cracks are usually transverse to thestata. 
If they occur at the part attached by oomifum 
cement to the socket, the air cannot enter, and 
thus constituting vacua, tisey o^duct away 
the dectridty and lower the chains, as fast at 
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most as if a pece of metd had been introduced 
there. Occasionally stems in this state, being 
taken out and cleared from the common ce* 
ment, may, by the careful application of the 
heat of a spirit-lamp, be so far softened and 
melted as to restore the perfect continuity of 
the parts; but if that does not succeed in re- 
placing things in a good condition, the remedy 
is a new shellac stem. 

1194. The apparatus when in order could 
easily be exhausted of air and filled with any 
given gas; but when that gas was acid or alkar 
line, it could not properly be removed by the aiiv 
pomp, and yet required to be perfectly cleared 
away. In such cases the apparatus was opened 
and emptied of gas; and with respect to the in- 
ner ball h, it was washed out two or three times 
with distilled water introduced at the screw- 
hole, and then being heated above 212°, air 
was blown through to render the interior per- 
fectly dry. 

1196. The inductive apparatus described is 
evidently a Leyden phial, with the advantage, 
however, of having the dielectric or insulating 
medium changed at pleasure. The balls h and 
B, with the connecting wire f, constitute the 
charged conductor, upon the surface of which 
all the electric force is resident by virtue of in- 
duction (1178). Now though the largest por- 
tion of this induction is between the ball h and 
the surrounding sphere a a, yet the wire i and 
the ball B determine a part of the induction 
from their surfaces towards the external sur- 
rounding conductors. Still, as all things in that 
respect remain the same, whilst the medium 
within at o o, may be varied, any changes ex- 
hibited by the whole apparatus will in such 
cases depend upon the variations made in the 
interior; and these were the changes I was in 
search of, the negation or establishment of such 
differences being the great object of my in- 
quiry. I considered t^t these differences, if 
Ibey existed, would be most distinctly set forth 
by having two apparatuses of the kind de- 
scribed, precisely similar in every respect; and 
thm, different imuloHng media being within, 
to charge one and measure it, and after divid- 
ing the charge with the other, to observe what 
the ultimate conditions of both were. If insu- 
lating media really had any specific differences 
in favouring or opposing inductive action 
through them, such differences, I concdved, 
eoidd not fail of being develoi^ by such a 
ip^QceBs. 

t^U96. I will wind up this description of 
W aiiparatuses, and exfdain tixe precautions 


SiiEmtfis XI 

necessary to their use, by describing the form 
and order of the experiments made to prove 
their equality when both contained common 
air. In order to facilitate reference I will dis- 
tinguish the two by the terms app. t and app. 
u. 

1197. The electrometer is first to be adjusted 
and examined (1184), and the app. i and ii are 
to be perfectly discWged. A Leyden phial is 
to be charged to such a degree that it would 
give a spark of about one-sixteenth or one- 
twentieth of an inch in length between two 
balls of half an inch diameter; and the Cjarrier 
ball of the electrometer being charged bv this 
phial is to be introduced into the electrometer, 
and the lever ball brought by the motion of the 
torsion index against it; the charge is thin di- 
vided between the balls, and repulsion enimes. 
It is useful then to bring the repelled ball toUhe 
standard distance of 30° by the motion of the 
torsion index, and observe the force in degrees 
required for this purpose; this force will in 
future experiments be called repulsion of (he 
balls, 

1198. One of the inductive apparatus, as, 
for instance, app. i, is now to be charged from 
the Leyden phial, the latter being in the state 
it was in when used to charge the balls; the 
carrier ball is to be brought into contact with 
the top of its upper ball k (PI. IX, Fig, 1), 
then introduced into the electrometer, and the 
repulsive force (at the distance of 30°) meas- 
ured. Again, the carrier should be applied to 
the app. i and the measurement repeated; the 
apparatus i and ii are then to be joined, so as 
to divide the charge, and afterwards the force 
of each measured by the carrier ball, applied 
as before, and the results carefully noted. After 
this both i and ii are to be discharged; then 
app, ii charged, measured, divided with app. i, 
and the force of each again measured and 
noted. If in each case the half charges of app. 
i and ii are equal, and are together equal to the 
whole charge before division, then it may be 
considered as proved that the two apparatuses 
are precisely equal in power, and fit to be used 
in cases of comparison between different in- 
sulating media or dielectrics. 

1199. But the precautions necessary to ob- 
tain accurate results are numerous. The ap- 
paratuses i and ii must always be placed on a 
thoroughly uninsulating medium. A mahogany 
table, for mstmice, is far from satisfactory in 
this respect, and therefore a sheet of tinfoil, 
connect^ with an extenrive discharging train 
(292), is what I have used# They must be so 
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placed also as not to be too near each other, 
and yet equally exposed to the inductive in- 
fluence of surrounding objects; and these ob- 
jects, again, should not be disturbed in their 
position during an experiment, or ebe varia- 
tions of induction upon the external ball B of 
the apparatus may occur, and so errors be 
introduced into the results. The carrier ball, 
when receiving its portion of electricity from 
the apparatus, should always be applied at the 
same part of the ball, as, for instance, the sum- 
mit k, and always in the same way; variable 
induction from the vicinity of the head, hands, 
&c., being avoided, and the ball after contact 
being withdrawn upwards in a regular and con- 
stant manner. 

1200. As the stem had occasionally to be 
changed (1190), and the change might occa- 
sion slight variations in the position of the ball 
within, I made such a variation purposely, to 
the amount of an eighth of an inch (which b 
far more than ever could occur in practice), 
but did not find that it sensibly altered the re- 
lation of the apparatus, or its inductive condi- 
tion 08 a whole* Another trial of the apparatuses 
was made as to the effect of dampness in the 
air, one being filled with very dry air, and the 
other with air from over water. Though thb 
produced no change in the result, except an 
occasional tendency to more rapid dissipation, 
yet the precaution was always taken when 
working with gases (1290) to dry them per- 
fectly. 

1201. It is essential that the interior of the 
apparatus should be perfectly free from dust or 
small loose particles, for these very rapidly lower 
the charge and interfere on occasions when 
their presence and action would hardly be ex- 
pected. To breathe on the interior of the ap- 
paratus and wipe it out quietly with a clean 
silk handkerchief, b an ^ectual way of re- 
moving them; but then the intrusion of other 
particles should be carefully guarded against, 
and a dusty atmosphere shoMld for thb and 
several other reasons be avoided. 

1202. The shellac stem requires occasionally 
to be well-wiped, to remove, in the first in- 
stance, the film of wax and adhering matter 
which b upon it; and afterwards to displace 
dirt and dust whbh will gradually attach to it 
in the course of experiments. I have found 
much to depend upon thb precaution, and a 
silk handkerchief b the best wiper. 

1203. But wiping and some oth^ circum- 
stances tend to give a charge to the surface of 
the sbellao stem* Thb should be removed, for, 


if allowed to r^nain, it very serioualy affects 
the d^ree of charge given to the carrier ball by 
the apparatus (1232). This condition of the 
stem is best observed by discharging the ap- 
paratus, applying the carrier ball to the stem» 
touching it with the finger, insubting and re- 
moving it, and examining whether it has re- 
ceived any charge (by induction) fromthestem; 
if it has, the stem itself b in a charged state. 
The best method of removing the charge I 
have found to be, to cover the finger with a 
single fold of a silk handkerchief, and breath- 
ing on the stem, to wipe it immediately after 
with the finger; the ball B and its connected 
wire, &c., being at the same time unimidated: 
the wiping place of the silk must not be changed ; 
it then becomes sufficiently damp not to excite 
the stem, and is yet dry enough to leave it in a 
clean and excellent insulating condition. If the 
air be dusty, it will be found that a sin^e 
charge of the apparatus will bring on an elec- 
tric state of the outside of the stem, in conse- 
quence of the carrying power of the particles 
of dust; whereas in the morning, and in a room 
which has been left quiet, several experiments 
can be made in succession without the stem as- 
suming the least degree of charge. 

1204. Experiments should not be made by 
candle or lamp light except with much care, 
for flames have great and yet unsteady powers 
of affecting and dissipating electrical charges. 

1205. As a final observation on the state of 
theapparatuses,theyshouldretain their charges 
well and uniformly, and alike for both, and at 
the same time allow of a perfect and instan- 
taneous discharge, giving afterwards no charge 
to the carrier ball, whatever part of the ball B 
it may be applied to (1218). 

1206. With respect to the balance dectrome- 
ter, all the precautions that need be mentioned 
are, that the carrier ball is to be preserved 
during the first part of an experiment in its 
dectrified state, the loss of electricity which 
would follow upon its dbcharge being avoided; 
and that in introducing it into the electrom- 
eter through the hole in the glass plate above, 
care should be taken that it do not touch, or 
even come near to, the edge of the glass. 

1207. When the whole charge in one appara^ 
tus is divided between the two, the gradual 
fall, apparently from dissipation, in &e ap*> 
paratus which has received the hdf charge is 
greater than in the one originaUy cha^edv This 
is due to a peculiar effect to be described here*' 
after (1250, 1251), the interfering Muenee pf 
which may beavoided to a great extoat by go- 
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Jirtieps of ih& process reg;ulBily 
mdquicl^jitoefore, after the original diar^ 
hem been measured, in app. i for instance, i and 
ii are to be syxnmetricaUy joined by their bs^ 
B, the carrier touching one of these balls at the 
same time; it is first to be removed, and then 
the apparatus separated from each other; app. 
ii is next quickly to be measured by the carrii^, 
th^ app. i; lastly, ii is to be discharged, and 
the discWged carrier applied to it to aseert^ 
whether any residual effect is present (1205), 
and app. i being discharged is also to be ex^ 
amined in the same manner and for the same 
purpose. 

1208. The following is an example of the di- 
vision of a charge by the two apparatuses, air 
being the dielectric in both of them. The ob- 
servations are set down one under the other in 
the order in which they were taken, the left- 
hand numbers representing the observations 
made on app. i, and the right-hand numbers 
those on app. ii. App. i is that which was origin- 
ally charged, and after two measurements, the 
chiu'ge was ^vided with app. ii. 

App. i App. ii 
Balls 

(f 

264“ 

260 

divided and instantly taken 

122 

124 

1 after being discharged 

2 after being discharged 

1209. Without endeavouring to allow for the 

loss which must have been gradually going on 
during the time of the experiment, let us ob- 
serve the results of the numbers as they stand. 
As 1** remained in app. i in an undischargeable 
(rtiate, 249^>may be tak^ as the utmost amount 
c^the transferable or divisiUe charge, the half 
of which is 124^.6. As app. ii was free of charge 
in the first mstance, and immediately after the 
^mvsmon was found with 122^ this amount at 
Imimay be taken as what it had received. On 
l^e other hand 124® minus 1®, or 123®, may be 
takm as the half of the transferable charge re- 
tained by app. i* Now these do not differ much 
Jhom ea^ or from 124®.5, the hsit of the 

W amount of transferable charge; and when 
^e gradual loss of charge evident in the diff^ 

betwe^ 264® and 250® of app. i is also 
; J^en into account, there is every reason to ad- 
> the sesolt as shewing an equal division of 
^Pi(|Ege, unMend^bymy^^ 

that due to dissipation. 

1 g^ve amt&M result, in which 


app. n was fiist charged, :and wfaeio iheteindiiM 
action of that apparatus was greater lhaii in 
the former case. 

App. i App. U 

Balls 160“ 

152“ 

148 

divided and instantly taken 

70® 

78 

6 immediately after discharge 

0 immediately after discharge 

1211. The transferable charge being 148®— 
6®, its half is 71® .6, which is not far rwnpved 
from 70®, theliyf charge of i; or from 731, the 
half charge of ii: these half charges again mak- 
ing up the sum of 143®, or just the amount of 
the whole transferable charge. Considerin^the 
errors of experiment, therefore, these resiilts 
may again be received as showing that the ap- 
paratus were equal in inductive capacity, oi^ in 
their powers of receiving charges. 

1212. The experiments were repeated with 
charges of negative electricity with the same 
general results. 

1213. That I might be sure of the sensibility 
and action of the apparatus, I made such a 
change in one as ought upon principle to in- 
crease its inductive force, i.e., I put a metallic 
lining into the lower hemisphere of app. i, so as 
to diminish the thickness of the intervening 
air in that part, from 0.62 to 0.436 of an inch: 
this lining was carefully shaped and rounded 
so that it should not present a sudden pro- 
jection within at its edge, but a gradual tran- 
sition from the reduced interval in the lower 
part of the sphere to the larger one in the 
upper. 

1214. This change immediately caused app. i 

to produce effects indicating that it had a 
greater aptness or capacity for induction than 
app. ii. Thus, when a transferable charge in 
app. ii of 469® was divided with app. i, the 
former retained a charge of 225®, whilst the lat- 
ter showed one of 227®, i.e. the former had lost 
244® in communicating 227® to the latter; on 
the other hand, when app. i had a transferable 
char^ in it of 381® divided by contact with 
app. ii, it lost 181® only, whilst it gave to app. 
ii as many as 194: — the sum of the divi^ 
forces being in the first instance Jess, and in the 
second instance greedet than the ori^nal un- 
divided charge. These results are the more 
striking, as only bne-half of the mteribr of 
app. i was modified, and they show that 
struments are capable of bringmg out dtf er- 
ences in induetive force from the 





4 ^ 


mm of exp&nmBBlbi when tbesa 

are mucih kas ihto thatfar^uced by thealtenir 

tion made in the present instance. 

% iv. Inductian in Curved Lines 

1215. Amount those results deduced from 
the molecular view of induction (1160), which, 
being of a peculiar nature, are the best tests of 
the truth or error of the theory, the expected 
action in curved lines is, I think, the most im- 
portant at present; for, if shown to take place 
in an unexceptionable manner, 1 do not see 
how the old theory of action at a distance and 
in straight lines can stand, or how the conclu- 
sion that ordinary induction is an action of 
contiguous particles can be resisted. 

1216. There are many forms of old experi- 
ments which might be quoted as favourable to, 
and consistent with the view I have adopted. 
Such are most cases of electro-chemical decom- 
position, electrical brushes, auras, sparks, &c.; 
but as these might be considered equivoc^ evi- 
dence, inasmuch as they include a current and 
discharge (though they have long been to me 
Indications of prior molecular action [1230]), 
I endeavoured to devise such experiments for 
first proofs as should not include transfer, but 
relate altogether to the pure simple inductive 
action of statical electricity. 

1217. It was also of impoitance to make these 
experiments in the simplest possible manner, 
using not more than one insulating medium or 
dielectric at a time, lest differences of slow con- 
duction should produce effects which might 
roneously be supposed to result from induction 
in curved lines. It will be unnecessary to de- 
scribe the steps of the investigation minutely; 
I will at once proceed to the simplest mode of 
proving the facts, first in air and then in other 
insulating media. 

1218. A cylinder of solid shellac, 0.9 of an 

inch in diameter and seven inches in length, 
was fixed upright in a wooden foot (PL IX, 
Fig. 8) : it was made concave or cupped at its 
upper extremity so that a brass ball or other 
small arrangement could stand upon it. The 
upper half of the stem having been excited 
negoimlg by friction with warm flannel, a brass 
ball, B, 1 huh an diameter, was placed on the 
top, mid then the whole arrangement exam- 
ined by the carrier b^ and G^lombs Aleo^ 
trometo* (1180, &o.). For this purpose the balls 
of the electrmneter were changed to 

about 360^, ;and then the emiier hkng applied 
to various partoof tte ball B, the two werenn- 
i&8i;dated wbibt in:oontaet or in porition,: Ham 


insnlatod^^ separated, and Hois 'the 

oarri^ examined as to its nature and fbios. Bs 
electricity was always positive, and ito fbroeit 
the different portions a, b, c, d, &c. (PL'Qt, 
Figs. 8 and 4) observed in succession, pns as 
foUowB: 

at a above lOOtT 
b H was 149 

e 270 

d 512 

b 130 


1219. To compreh^ the full force of these 
results, it must first be understood, that all the 
charges of the ball B and the carrier are chargas 
by induction, from the action of the excited 
surface of the shellac cylinder; for whatever 
dectricity the ball B received by cmmmicsh 
Han from the shellac, either in the first instance 
or afterwards, was removed by the uninsulat** 
ing contacts, only that due to induction re- 
maining; and this is shown by the charges taken 
from the ball in this its uninsulated state being 
always positive, or of the contrary character to 
the electricity of the diellac. In the next places 
the charges at a, c, and d wm of such a nature 
as might be expected from an inductive actum 
in straight lines, but that obtained at b is, lud 
so: it is clearly a charge by induction, but m- 
dudian in a curved line; for the carrier ball 
whilst applied to b, and after its removal to a 
distance of six inches or more from B, could 
not, in consequence of the size of B, be aoot*^ 
nected by a straight line with any part of the 
excited and inducing diellac. 

1220. To suppose that the upper part of the 
uninsulated ball B, should in some way be rer 
tained in an electrified state by that portion of 
the surface of the ball which is in sight of the 
shellac, would be in opposition to what we 
know already of the subject. Electricity is re- 
tained upon the surface of conductoes only by 
induction (1178); and though some peiscms 
may not be prepared as yet to admit this with 
respect to insulated conductors, all will as so* 
gax^ uninsulated conductors 1^ the ball B; 
and to decide the matter we have only to ^aee 
the carrier ball at e (PL IX, Pig. 4), so thatB 
shall not come in contact with B, uninsulated 
by a metallic rod deseeding perp^dicuku^ 
insulate it, remove it, and examine its state; ft 



fit cap hcrdlv be ttocesw for; a , ^ 
that whataw gaaeral state the carnal 
in any place wheic H was uainsulaled^artd Ubea 1 
iated^ & retaia^ on removid itom >iit^ tAae% a^ 
witbstaadw that it might pass through oito 
that would nave given to it, if uninsulated, a diner* 
cot COlldl^OII. .V 
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w81 be lousd diaorged with the «ame kmd of 
dMatmtymtmd wm to a higher degree (1224) 
than, if it had bpen in contact with the summit 
pfB. 

1221. To Buppose, again, that induction acts 
in some way trough or acroae the metal of the 
ball, is negatived by the simplest considera- 
tions; but a fact in proof will be better. If in- 
stead of the ball B a small disc of metal be 
used, the carrier may be charged at, or above 
the middle of its upper surface: but if the plate 
be enlarged to about or 2 inches in diame- 
ter, C (PI. IX, Fig, 5), then no charge wiU be 
given to the carrier at/, though when applied 
nearer to the edge at or even above the middle 
at h, a charge will be obtained; and this is true 
though the plate may be a mere thin film of 
gold-leaf. Henee it is clear that the induction is 
not through the metal, but through the sur- 
rounding air or dielectric, and that in curved 
lines, 

1222, 1 had another arrangement, in which a 
wire passing downwards through the middle of 
the shellac cylinder to the earth, was connected 
with the ball B (PL IX, Fig. so as to keep it 
in a constantly uninsulated state. This was a 
very convenient form of apparatus, and the re- 
sults with it were the same as those just de- 
scribed. 

1223. In another case the ball B was sup- 
ported by a shellac stem, independently of the 
excited cylinder of shellac, and at half an inch 
distance from it; but the effects were the same. 
Then the brass ball of a charged Leyden jar 
was used in place of the excited shellac to pro- 
duce induction; but this caused no alteration 
of the phenomena. Both positive and negative 
inducing charges were tried with the same gen- 
eral results. Finally, the arrangement was in- 
verted in the air for the puipose of removing 
every possible objection to the conclusions, 
hut they came out exactly the same. 

1224. Some results obtained with a brass 
hemisphere instead of the ball B were exceed- 
ingly interesting. It was 1.36 of an inch in di- 
ameter (PI. IX, Fig. 7), and being placed on 
the top M the excited shellac cylinder, tiie car- 
rier boll was applied, as in the former experi^ 

<1218), at the respective positions de- 
hneated in the figure. At % the force was 112^, 
at k 108®, at 1 65®, at m 85®; the inductive force 
|ita4u^y diminishing, as might have been ex- 
pected, to this ppint. on raismg tiie carrier 

the porition n, the dWge inereased to 87®; 

8 >n it still bigl^r to o, the charge 

hulber increased to 105^: at a higher point 


still, p, the charge taken was «naU^ in amount, 
being 98®, and continued to <fiminish for more 
elevated positions. Here the induction fairly 
turned a corner. Nothing, in fact, can better 
show both the curved lines or courses of the in- 
ductive action, disturbed as they are from their 
rectilineal form by the shape, position, and 
condition of the metallic hemisphere; and also 
a lateral tension, so to speak, of these lines on 
one another: all depending, as I conceive, on 
induction being an action of the contiguous 
particles of the dielectric, which being thrown 
into a state of polarity and tension, are immu- 
tual relation by their forces in all directions. 

1225. As another proof that the whole of 
these actions were inductive I may state k re- 
sult which was exactly what might be expeewd, 
namely, that if uninsulated conducting master 
was brought round and near to the excited 
shellac stem, then the inductive force was di- 
rected towards it, and could not be found on 
the top of the hemisphere. Removing this mat- 
ter the lines of force resumed their former di- 
rection. The experiment affords proofs of the 
lateral tension of these lines, and supplies a 
warning to remove such matter in repeating 
the above investigation. 

1226. After these results on curved inductive 
action in air I extended the experiments to 
other gases, using first carbonic acid and then 
hydrogen: the phenomena were precisely those 
already described. In these experiments I found 
that if the gases were confined in vessels they 
required to be very large, for whether of glass 
or earthenware, the conducting power of such 
materials is so great that the induction of the 
excited shellac cylinder towards them is as much 
aa if they were metal; and if the vessels be 
small, so great a portion of the inductive force 
is determined towards them that the lateral 
tension or mutual repulsion of the lines of force 
before spoken of (1224), by which their inflexion 
is caused, is so much relieved in other direc- 
tions, that no inductive charge will be given to 
the carrier ball in the positions k, I, m, n, o, p 
(PL IX, Fig. 7). A very good mode of making 
the experiment is to let large currents of the 
gases ascend or descend through the air, and 
carry on the experiments in these currents. 

1227. These experiments were then varied 
by thesubstitution of a liquid dielectric, namely, 
M qf turpenJtim, in place of air and gases. A 
dish of thin glass well-covered with a film of 
shriiac (1272), which was found by trial to in-* 
sttlate well, had some highly reotifi<i^ oil of tur- 
pentine put into it to the depth of half an iheh. 
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and being then placed upon tbe tcp of the 
brass hemisphere (^Fig. 7), observations were 
made with the carrier ball as before (1224). 
The results were the same, and the circum- 
stance of some of the positions bdng within 
the fluid and some without, made no sensible 
difference. 

1228. Lastly, I used a few solid dielectrics 
for the same purpose, and with the same re- 
sults. These were shellac, sulphur, fused and 
cast borate of lead, flint glass well-covered with 
a film of lac, and spermaceti. The following 
was the form of experiment with sulphur, and 
all were of the same kind. A square plate of the 
substance, two inches in extent and 0.6 of an 
inch in thickness, was cast with a small hole or 
depression in the middle of one surface to re- 
ceive the carrier ball. This was placed upon the 
surface of the metal hemisphere (PI. IX, Fig. 
9) arranged on the excited lac as in former 
cases, and observations were made at n, o, p, 
and g. Great care was required in these experi- 
ments to free the sulphur or othar solid sub- 
stance from any charge it might previously 
have received. This was done by breathing and 
wiping (1203), and the substance being found 
free from all electrical excitement, was then 
used in the experiment; after which it was re- 
moved and again examined, to ascertain that 
it had received no charge, but had acted really 
as a dielectric. With all these precautions the 
results were the same: and it is thus very satis- 
factory to obtain the curved inductive action 
through solid bodies^ as any possible effect from 
the translation of charged particles in fluids or 
gases, which some persons might imagine to be 
the case, is here entirely negatived. 

1229. In these experiments with solid dielec- 
trics, the degree of charge assumed by the 
rier ball at the situations n, o, p (PI. IX, Fig. 

was decidedly greater than that given to 
the ball at the same places when air only inter- 
vened between it and the metal hemisphere. 
This effect is consistent with what will here- 
after be found to be the respective relations of 
these bodies, as to thdr power of facilitating 
induction through them (1269, 1273, 1277). 

1230. 1 might quote many other forms of ex- 
periment, some old and some new, in which in- 
duction in curved or contorted lines takes place, 
but think it unnecessary after the preceding 
results; I diall therefore mention but two. If a 
conductor A (PI. IX, Fig. 8) be dectrified, and 
an insulated metallic b^ B, or ev^ a plate, 
provided the edges be not too thin, be held be- 
&miti a small electroind^er at e or at unin- 


sulated, win give dgns of electricity, oppodte 
in its nature to that of A, and therefore caused 
by induction, although ihe influencing and iSh 
fluenoed bodies cannot be joined by a 
line passing through theair. Or if, theelectronat^ 
eters being removed, a point be fixed at the 
back of the ball in its uninsulated state as at G, 
this point will become luminous and dbdiarge 
the conductor A. The latter experiment is ^ 
smbed by Nicholson,^ who, however, reasons 
erroneously upon it. As to its introduction herei 
though it is a case of discharge, the discharge 
is preceded by induction, and that mduotion 
must be in curved lines. 

1231. As argument against the received the- 
ory of induction and in favour of that which I 
have ventured to put forth, I cannot see how 
the preceding results can be avoided. The ef* 
facts are clearly inductive effects produced by 
dectricity, not in currents but in its statical 
state, and this induction is exerted in lines of 
force which, though in many experiments they 
may be straight, are here curved more or less 
according to drcumstances. I use the term Kns 
of inductive force merely as a temporary con- 
ventional mode of expressing the directicm of 
the power in cases of induction; and in the ex- 
periments with the hemisphere (1224), it is 
curious to see how, when certain lines have 
terminated on the under surface and edge of 
the metal, those which were before lateral to 
them expand and open out from each other ^ some 
bending round and terminating their action on 
the upper surface of the hemisphere, and others 
meeting, as it were, above in their progress out-^ 
wards, uniting their forces to give an increased 
chsu^ to the carrier ball, at an increased dis- 
tance from the source of power, and influencing 
each other so as to cause a second flexure in the 
contrary direction from the first one. AH thia 
appears to me to prove that the whole action la 
one of contiguous particles, related to eadi 
other, not merely in the lines which they may 
be conceived to form through the dielectric, 
between the indudric and the indwdeous 
faces (1483), but in other lateral directbmi 
also; It is this which gives an effect equivalent 
to a lat^al repulsion or expansion in the lines 
of force I have spoken of, and enables indue- 
tion to turn a comer (1304). The pomti 
stead of being like that of gravity, which oaunea 
partides to act on each other through 
Imes, whatever other particles may be between 
them^ is more analogous to that of a series d 

> Sncgdopesdia Bfitmivioa (Till diUatd; ‘l^blV 
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timSSmf ti to the ooiMfition of the 
IMitidee ccmaidefed as forming the whole of n 
utosii^t or a eunred mai^et. So tk&t in what* 
Over way I view it, and with great suspieion of 
the infliieQce of favourite notions over mysdif , 
1 eanndt perceive how the ordinary theory ap« 
I^ed to explain induction can be a correct irep- 
fesentation of that great natural principle of 
eltsctrical action. 

1232. 1 have had occasion in describing the 
precautions necessary in the use of the indue* 
tive apparatus, to refer to one founded on in- 
duction in curved lines (1203); and after the 
experiments already described, it will easily be 
seen how great an influence the shellac stem 
may exert upon the charge of the carrier ball 
when applied to the apparatus (1218), unless 
that precaution be attended to. 

1233. 1 think it expedient, next in the course 
of these experiment researches, to describe 
Some effects due to conduction, obtained with 
such bodies as glass, lac, sulphur, &c., which 
had not been anticipated. Being understood, 
they will make us acquainted with certain pro- 
eaurtiions necessary in investigating the great 
question of specific inductive capacity. 

1234. One of the inductive apparatus already 
described (1187, <&c.) had a hemispherical cup 
of shellac introduced which being in the inter- 
val between the inner ball and the lower hemi- 
^here, nearly occupied the space there; conse- 
quently when the apparatus was charged, the 
iac was the dielectric or insulating medium 
through which the induction took place in that 
part. When this apparatus was &8t charged 
Mlth *dectricity (11^) up to a certain inten- 
sity, as 400^, measured by the Coulomb’s elec- 
tres^ter (1180), it sank much faster from that 
dspee tfaw if it had be^ previously charged 
to a point, and had ^adually fallen to 
100^; or than it would d6 if the charge were, by 
H secoiaid fl^Ucation, raised up again to 400^; 
aB other tl^gs remmning the same. Again, if 
alter havu^bm charged for some time, as fif- 
teenor twenty minutes, it was sudd^y and per- 
fe<!%di8dw^ thestem having all deo- 

hic^y mnov^ from it (1203), then the 
mtikidhgiefitoitself, would gradually recover 
a charge, whieU in nine or ten ixunutes would 
rise np to or 60®, and in one instance to 80®. 

.1286. The electrieiiy, which in these cases 
lObarned from an a{^)a^tly latent to a s^ 
i^e state, Cras always of the tame kind as that 
had been given by the charge. The re- 
Is^.took place at both the inducing surfaces; 
after the perfect discharge of the appa- 


ratus the whole was insulated, as the inner ball 
resumed a positive state tihe outer sphere ac- 
quired a negative condition. 

1236. Tfus effect was at once distinguished 
from that produced by the excited, stem acting 
in curved lines of induction (1203, 1232), by 
the circumstance that all the returned electri- 
city could be perfectly and instantly discharged. 
It appeared to depend upon the shellac within., 
and to be, in some way, due to electricity 
evolved from it in consequence of a previous 
condition into which it had been brought by 
the charge of t|^e metallic coatings or balk. 

1237. To examine this state more accurafcely, 
the apparatus, with the hemispherical cixb of 
shellac in it, was charged for about fortyfeve 
minutes to above 600® with positive electricity 
at the balls h and B. (Fig, 104) above c^d 
within. It was then discharged, opened, l^e 
shellac taken out, and its state examined; this 
was done by bringing the carrier ball near the 
shellac, uninsulating it, insulating it, and then 
observing what charge it had acquired. As it 
would be a charge by induction, the state of 
the ball would indicate the opposite state of 
riectricity in that surface of the shellac which 
had produced it. At first the lac appeared quite 
free from any charge; but gradually its two 
surfaces assumed opposite states of electricity, 
the concave surface, which had been next the 
inner and positive ball, assuming a positive 
state, and the convex surface, which had been 
in contact with the negative coating, acquiring 
a negative state; these states gradually in- 
creased in intensity for some time. 

1238. As the return action was evidently 
greatest instantly after the discharge, 1 again 
put the apparatus together, and charged it for 
fifteen minutes as before, the inner ball posi- 
tively. I tiien discharged it, instantly removing 
ihe upper hemisphere with the interior ball, 
and, leaving the shellac cup in the lower unin- 
sulated hemisphere, examined its inner surface 
by the carrier ball as before (1237). In this way 
1 found the surface of the shellac actually nega^ 
Hoe, or in the reverse state to the ball which 
had been in it; this state quickly disappeared, 
and was micc^ed by a positive condition, 
gradually increasing in interaity for some time, 
in the same manner as before. The first negsr 
tive condition of the surface opposite the pos- 
itive charing ball is a natural consequence of 
the state of tiitings, the charging ball being in 
contact with the sbellao only in a few points. It 
does not interfere witii the general result and 
pecoMar state now und^ ooi^eration, mceept 



Hm. 1887 ELSXStEHMY 


that It misiA in illustratmg in a teiy maxlEed 
manner the ultimate assumption by the sui^ 
fanes of the shellac of an electrified condition, 
eimilar to that of the metallic surfaces opposed 
to or against them. 

1239. GlasB was then examined with respect 
to its power of assuming this peculiar state. I 
hadathickflint-glasshemispherical cup formed, 
which would fit easily into the space o of the 
lower hemisphere (1188, 1189); it had been 
heated and varnished with a solution of shellac 
in alcohol, for the purpose of destroying the 
conductingpower of the vitreous surface (1254) . 
Beingtbenwell-warmedandexperiment^with, 
I found it could also assume the same statSy but 
not apparently to the same degree, the return 
action amounting in different cases to quanti- 
ties from 6® to 18®. 

1240. Spermaceti experimented with in the 
same manner gave striking results. When the 
ori^nal charge had been sustained for fifteen 
or twenty minutes at about 500^, the return 
charge was equal to 95® or 100®, and was about 
fourteen minutes arriving at the maximum ef- 
fect. A charge continued for not more than two 
or three seconds was here succeeded by a re- 
turn charge of 50® or 60®. The observations 
formerly made (1234) held good with this sub- 
stance. Spermaceti, though it will insulate a 
low charge for some time, is a better conductor 
than shellac, glass, and sulphur; and this con- 
ducting power is connected with the readiness 
with which it exhibits the particular effect un^ 
der consideration. 

1241. Sidphur, 1 was anxious to obtain the 
amount of ^ect with this substance, first, be^ 
cause it is an excellent insulator, and in that 
respect would illustrate the relation of the ef- 
fect to the degree of conducting power possessed 
by the dielectric (1247) ; and in.the next place, 
t^t I might obtain that body giving the small- 
est degree of the effect now under conskiera- 
tion for the investigation of the question of 
specific inductive capacity (1277). 

1242. With a good hemispherical cup of sul- 

phur cast solid and sdimd, I obtained tito return 
charge, but only to an amount of 17® or 18®. 
Thus glass and sulphur, which are bodily 
bad conductors of electricity, and ind^ al- 
most perfect insulators, gave very little of this 
return charge, : 

1243, 1 trM the same ^qpmmentfiavingm^ 
only in the inductive apparatus. Afiter a eon- 
tinned charge for soihe tixnel oouMobtabi 
a littfe. effect of return action, but it wae idtk* 
the ehsUac pf ^ ; 


;il244. T sought fo pr^oe some^^ 
this state witii one electric power and wit^nxt 
induction; for upon the tlmry of an dectrie 
finid or fluids, that did not seem impossibly 
and then I should have obtained an absolute 
charge (1169, 1177), or something equivalent 
to it. In this I could not succeed. I excited the 
outside of a cylinder of shellac very highly for 
some time, and then quickly discharging ' it 
(1203), waited and watched whether any ren 
turn charge would appear, but such was not 
the case. This is anotter fact in favour of the 
inseparability of the two electric forces (1177)^, 
and another argument for the view that indues 
tion and its concomitant phenomena depend 
upon a polarity of the particles of matter. 

1245. Although inclined at first to refer these 
effects to a peculiar masked condition of a ceiv 
tain portion of the forces, I think 1 have since 
correctly traced them to known principles of 
electrical action. The effects appear to be dim 
to an actual penetration of the charge to some 
distance within the electric, at each of its two 
surfaces, by what we call conduction; so that, 
to use the ordinary phrase, the electric forces 
sustaining the induction are not upon the me- 
tallic surfaces only, but upon and within the 
dielectric also, extending to a greater or smaller 
depth from the metal linings. Lete (PI. IX, Fig* 
10) be the section of a plate of any didectrio, e 
and 6 being the metallic coatings; let h be uiir 
insulated, and a be charged positivdy; aftor 
ten or fifteen minutes, if a and h be discharged, 
insulated, and immediately examined, no elec- 
tricity will appear in them; but in a short time^ 
upon a second examination, they will appear 
char^ in the same way, though not to the 
same degree, as they were at first. Now sup- 
pose that a portion of the positive force hsMy 
under the coercing influence of all the forces 
concerned, penetrated the didectric and taloMiL 
up its place at the line p, a corresponding por- 
tion of the negative force having also asimmed 
its position at tiie line n; that in fact the dech 
trie at these two parts has become chaaged 
positive and negative; then it is dear thabihis 
induction of iheae two forces will be naildl 
greater one towards the other, and less for aa 
external direction, now that they am at -dfo 
small didance n p from each other, 
they were at the larger interval oAi Tbdiiiela 
aind b be diadmrged; the discharge or 

neutralises aU external induction, axidtim'Coaetr 
ingsarwtherefm^ fotmd l^the eardm^ballni^ 
deetrSfod; but it also remomalasoaMheiir^ 
cd tbalonM by vdnoh tim'decfa&e wak, 
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ddvm into tbe (Electric, and though probably 
a part of that oharge goes forward in its pass- 
age and terminates in what we eall discharge, 
greater portion returns on its course to ^e 
surfaces of c, and consequently to the conduce 
toxB a and h, and constitutes the recharge ob*> 
served. 

1246. The following is the experiment on 
which I rest for the truth of this view. Two 
plates of spermaceti, dand/ (PL IX, Fig. if), 
ware put t^ether to form the dielectric, a and 
h being the metallic coatings of this compound 
plate, as before. The system was charged, then 
disdiarged, insulated, examined, and found to 
©ve no indications of electricity to the carrier 
ball. The plates d and / were then separated 
from each other, and instantly a with d was 
found in a positive state, and h with / in a neg- 
ative state, nearly all the electricity being in 
the linings a and b. Hence it is clear that, of the 
forces sought for, the positive was in one-half 
of the compound plate and the negative in the 
other half; for when removed bodily with the 
plates from each other’s inductive influence, 
they appeared in separate places, and resumed 
oi necessity their power of acting by induction 
on the electricity of surrounding bodies. Had 
the effect depended upon a peculiar relation of 
the contiguous particles of matter only, then 
each half-plate, d and /, should have shown 
positive force on one surface and negative on 
the other. 

1247. Thus it would appear that the best 
solid insulators, such as shellac, glass, and sul- 
phur, have conductive properties to such an 
extoit, that electricity can penetrate them bod- 
ily, though always subject to the overruling 
eondition of induction (1178). As to the depth 
to which the forces penetrate in this form of 
sharge of the particles, theoretically, it should 
be tibrou^^ut the mass, for what the charge of 
themetal does for the portion of dielectric next 
to it should be done by the charged dielectric 
for the portion next beyond it again; but prob- 
ably in the best insulators the sensible charge 
is to a very small depth only in the dielectric, 
6sr otherwLie more would disappear in the first 
instance whM the original charge is sustained, 
less time would be required for the assumption 
(rf the particular state, and more electricity 
would re-appear as return charge. 

1248. The conditi<m of Hm required for this 
Itaetration of the charge is impoiiant, both as 

i^ieral relation of the cases to 
oii^^ction, idw the removal of an' object 
tiMtitiakt Slight ctherwisepitpeiiy be raiaed to 


certain residts respecting specific inductive ca- 
pacities, hereafter to be given (1269, 1277). 

1249. It is the assumption for a time of this 
charged state of the glass between the coatings 
in the Leyden jar, which gives origin to a well- 
known phenomenon, usually referred to the 
diffusion of electricity over the uncoated por- 
tion of the glass, namely, the residual charge. 
The extent of charge which can spontaneously 
be recovered by a large battery, after perfect 
uninsulation of both surfaces, is very consider- 
able, and by far the largest portion of this is 
due to the return of electricity in the mahner 
described. A plate of shellac six inches square, 
and half an inch thick, or a similar plam of 
spermaceti an inch thick, being coated onUhe 
sides with tinfoil as a Leyden arrangemmt, 
will show this effect exceedingly well. \ 

1250. The peculiar condition of dielectrics 
which has now been described, is evidently 
capable of producing an effect interfering with 
the results and conclusions drawn from the use 
of the two inductive apparatus, when shellac, 
glass, &c., is used in one or both of them (1192, 
1207), for upon dividing the charge in such 
cases according to the method described (1198, 
1207), it is evident that the apparatus just re- 
ceiving its half charge must fall faster in its 
tension than the other. For suppose app. i first 
charged, and app. ii used to divide with it; 
though both may actually lose alike, yet app. 
i, which has been diminished one-half, will be 
sustained by a certain degree of return action 
or charge (1234), whilst app. ii will sink the 
more rapidly from the coming on of the partic- 
ular state. I have endeavoured to avoid this 
interference by performing the whole process 
of comparison as quickly as possible, and tak- 
ing the force of app. ii immediately after the 
division, before any sensible diminution of the 
tension arising from the assumption of the 
peculiar state could be produced; and I have 
assumed that as about three minutes pass be- 
tween the first charge of app. i and the divi- 
rion, and three minutes between the division 
and discharge, when the force of the non-trans- 
ferable electricity is measured, the contrary 
tendencies for those periods would keep that 
apparatus in a moderately steady and uniform 
condition for the latter portion of time. 

1261. The particular action described occurs 
in the shrilac of tiie stems, as well as in the di* 
rieefrte used within the apparatuses. It there- 
fore constitutes a cause ^ which the outride 
of the stems may k some operatious become 
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cburged vrith dectri^ty, independent of the 
aetbn of dust or eastying piarticles (1203). 

f V. On Specific IndiuMon, or Specific Inr 
ductive Capacity 

1252. 1 now proceed to examine the great 
question of specific inductive capacity, i.e.* 
whether different dielectric bodies actually do 
possess any influence over the degree of indue-* 
tion which takes place through them. If any 
such difference should exist, it appeared to me 
not only of high importance in the further 
comprehension of the laws and results of in^ 
duction, but an additional and very powerful 
argument for the theory I have ventured to 
put forth, that the whole depends upon a mo- 
lecular action, in contradistinction to one at 
sensible distances. 

The question may be stated thus : suppose A 
an electrified plate of metal suspended in the 
air, and B and C two exactly similar plates, 
placed parallel to and on each side of A at 
equal distances and uninsulated; A will then 
induce equally towards B and C. If in this posi- 
tion of the plates some other dielectric than 
air, as shellac, be introduced between A and C, 
will the induction between them remain the 
same? Will the relation of C and B to A be un- 
altered, notwithstanding the difference of the 
dielectrics interposed between them?^ 

1253. As far as I recollect, it is assumed that 
no change will occur under such variation of 
circumstances, and that the relations of B and 
C to A depend entirely upon their distance. I 
only remember one experimental illustration 
of the question, and that is by Coulomb,® in 
which he shows that a wire surrounded by shel- 
lac took exactly the same quantity of dectri- 
city from a charged body as the same wire in 
air. The experiment offered to me no proof of 
the truth of the supposition: for it is not the 
mere films of dielectric substances surrounding 
the charged body which have to be examined 
and compared, but the whole mass between 
that body and the surrounding conductors at 
which the induction terminates. Charge de- 
pends upon induction (1171, 1178); and if in- 
duction is related to the particles of the sur- 
rounding dielectric, then it is related to aU the 
particles of that dielectric inclosed by the sur- 
rounding conductoiB^ and not merely to the 
few rituated next to tie charged body. Whether 

» Refer for the practical illustration of this staj^ 
ment to the supplementary note commencing 1307, 
Ao.-^Dee. 1B8S. 

> Mimoitss 4$ VAeadM», 1787, pp* 482, 458. 


the difference I eoo^t for exacted or not, I 
soon found reason to doubt the conchirioii that 
might be drawn from Coukmxiys remdt; and 
therefore had the apparatus made, which, with 
its use, has been already described (1187, &e.), 
and which appears to me well-suited for the 
investigation of the question. 

1254. Glass, and many bodies which might 
at first be considered as vety fit to test the 
prmciple, proved exceedingly unfit for that 
purpose. Glass, principally in consequence of 
the alkali it contains, however well-warmed 
and dried it may be, has a certain degr^ of 
conducting power upon its surface, dependent 
upon the moisture of the atmosphere, which 
renders it unfit for a test experiment. Resin, 
wax, naphtha, oil of turpentine,and many other 
substances were in turn rejected, because of a 
slight degree of conducting power possessed by 
them; and ultimately shellac and sulphur were 
chosen, after many experiments, as the dielec- 
trics best fitted for the investigation. No dif- 
ficulty can arise in perceiving how the posses- 
sion of a feeble degree of conducting power 
tends to make a body produce effects, winch 
would seem to indicate that it had a greater 
capability of allowing induction through it than 
another body perfect in its insulation. This 
source of error has been that which I have 
fo\md most difiScult to obviate in the proving 
experiments. 

1255. Induction through shellac. As a pre*^ 
paratory experiment, I first ascertained geni- 
ally that when a part of the surface of a thick 
plate of shellac was excited or charged, there 
was no sensible difference in the character of 
the induction sustained by that charged part, 
whether exerted through the aif in the one di- 
rection, or through the shellac of the pla^ in 
the other; provided the second surface of the 
plate had not, by contact with conductors, the 
action of dust, or any other means, become 
charged (1203). Its solid conditi<m enabled it 
to retain the excited particles in a permanent 
position, but that appeared to be all; for these 
particles acted jisst as freely through the 

be on ooeside as throng the air cm the others 
The same general experiment was made by ahi 
tachmg a (hsc of tinfoil to one side of the sheBae 
plate, and electrifying it, and the 
the sanie. Scarcely any other soUd subetanee 
than shdiae> and sulfhur, and n® fiqued sitb^ 
stance that I have tried» ^ beat 
atioh. Glass in its ibate tttte%,faSej 

yet H Vras essentially tky ikMa iStiB 
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1 ^^ degmof perfection in flie dieleetrionsed, 
befom any further progrese could be made in 
&e principal investigation. 

8hMae cmd tiir were compared in the 
first place. For this purpose a thick hemisphm^ 
teal cup of shellac was introduced into the lower 
hemisphere of one of the inductive apparatus 
(1187> &e.), so as nearly to fill the lower half of 
tte space c, o (PI. IX, Fig. 1) between it and 
tim inner ball; and then i^arges were divided 
in the manner already described (1198, 1207), 
Oaeh apparatus bring used in turn to receive 
the first charge before its division by the other. 
As ihe apparatuses were known to have equal 
inductive power when air was in both (1209, 
1211), any differences resulting from the intro- 
duction of the shellac would show a peculiar 
. aetkmin it, and if unequivocally referable to a 
sphcific inductive mfluence, would establish the 
print sought to be sustained. 1 have already 
referred to tiie precautions necessary in making 
tire experiments (1199, &c.); and with respect 
to the error which might be introduced by the 
assumption of the peculiar state, it was guarded 
against, as far as possible, in the first place, by 
operating quickly (1248); and, afterwards, by 
using that diriectric as glass or sulphur, which 
assumed the peculiar state most slowly, and in 
tibe least degree (1239, 1241). 

. 1257. The riiellac hemisphere was put into 
app. i, and app. ii left filled with air. The re- 
sults of an experiment in which the charge 
through air was divided and reduced by the 
Arilac app. were as follows: 

App. i. Lac App. ii. Air 
Balls 256^ 

(f 

304 ** 

297 

Charge divided 
118 : 

121 

0 after being discharged 

7 after being discharged 

1258. Here 29T*, minus 7^, or 29(F, may be 
taioea as tiie divisible charge of app. ii (the 7** 
beia^ fixed stem action [1203, 1232}), of which 
IS the half. The lac app. i gave 113^ as the 
power or tension it faadacquired after division; 
and the air app. ii gave 12r, minus T*’, or 114^, 
as tile foiee iijiosBessed from what it retamed 
iuf tiie divisible elwge of 29(F. These two num- 
bers ihould be alike, and th^ are 

neadylBO^ indeed far witinn the estomd 
«9qi>eiinmt and observation. But these num- 
Madifter veiy much from 145^ or the force 
wMohlfreliaff have had if app. i 


had contamed air instead of shellaA; and it ap- 
pears that whilst in tiie division the induction 
through the air has lost 176** of force, that 
through the lac has only gained 113^. 

1259. If this difference be assumed as de- 
pending entirely on the greater facility pos- 
sessed by shellac of allowing or causing induc- 
tive action through its substance than that 
possessed by air, then this capacity for electric 
induction would be inversely as the respec- 
tive loss and gain indicated above; and assum- 
ing the capacity of the air apparatus as 1, that 
of the shellac Apparatus would be or 1|155. 

1260. This extraordinary difference was so 
unexpected in its amount, as to excite the gr^t- 
est suspicion of the general accuracy of theW- 
periment, though the perfect discharge of am. 
i after the division, showed that the 113® had 
been taken and given up readily. It was evi- 
dent that, if it really existed, it ought to pro- 
duce corresponding effects in the reverse order; 
and that when induction through shellac was 
converted into induction through air, the force 
or tension of the whole ought to be increased. 
The app. i was therefore charged in the first 
place, and its force divided with app. ii. The 
following were the results: 

App. i. Lac App. ii. Air 

0 ® 

216® 

,204 

Charge divided 

118 

118 

0 after being discharged 
0 after being discharged 

1261. Here 204® must be the utmost of the 
divisible charge. The app. i and app. ii present 
118® ae their respective forces; both now much 
above the half of the first force, or 102®, whereas 
in the former case they were below it. The lac 
ai^. i has lost only 86®, yet it has given to the 
air app. ii 118®, so that the lac still appears 
much to surpass the aiprthe capacity of the lac 
app. i to the air app. ii bring as 1.37 to 1. 

1262. The difference of 1.55 and 1.37 as the 

expression of the capacity for the induction of 
shrilac seems considerable, but is in reality very 
admissibleunder thecircamstances, for both are 
inenor inixm^ran^^eriibns. Thus in the last 
experiment the charge fell from 215® to by 

the jomt effects ol (fissipation and absorption 
(11^, 1250), during the tifiie whirit elaps^ in 
the electrometer operations, between the applir 
cations of theemier ball required to g^ve those 
two results. N^ly an equri tiihe must have 
dlapsed between tto ai^lkatbnof tbeoailfrf 



^<W.1887 ELEeiaaiCITY m 


which g^rve the 204® zeeult, and the divhdoii of 
the charge between the two apparatus; and as 
the fall in foree progreasively decreases in 
amount (1192), if in this case it be taken at 
6® only, it will reduce the whole transferable 
charge at the time of division to 198® instead 
of 204®; this diminishes the loss of the shellac 
charge to 80® instead of 86®; and then the ex- 
pression of specific capacity for it is increased, 
and, instead of 1.37, is 1.47 times that of air. 

1263. Applying thesame correction to the for- 
mer experiment in which air was first charged, 
the result is of the contrary kind. No shellac hem- 
isphere was then in the apparatus, and therefore 
the loss would be principally from dissipation, 
and not from absorption : hence it would be neai> 
er to the degree of loss shown by the numbers 
304® and 297®, and being assum^ aii 6® would 
reduce the divisible charge to 284®. In that case 
the air would have lost 170®, and communicat- 
ed only 113® to the shellac; and the relative 
specific capacity of the latter would appear to 
be 1.50, which is very little indeed removed 
from 1.47, the expression given by the second 
experiment when corrected in the same way. 

1264. The shellac was then removed from 
app. i and put into app. ii and the experiments 
of division again made. I give the results, be- 
cause I think the importance of the point justi- 
fies and even requires them. 

App. i. Air App. ii. La(; 

Balls 200° 

0" 

286° 

283 

Charge divided 

no 

109 

0.25 after discharge 

Trace after discharge 

Here app. i retained 109®, having lost 174® in 
communicating 110® to app. ii; and the capac- 
ity of the air app. is to the lac app., therefore, 
as 1 to 1.58. If the divided charge be corrected 
for an assumed loss of only 3®, being the amount 
of previous loss in the same time, it will make 
the capacity of the shellac app. 1.55 only. 

1265. Then app. ii was charged, and the 
charge divided thus: 

App. i. Air App. ii. Lao 

0 ® 

256® 

.251 

Charge divided 

146 

. 149 

alittlB^ alter discharge 

a little aft^ dmbiKge 


He» i acquired a cha^^ 

app. ii lost only 102® in communicatiiig thait 
amount of foree; the capacities bmng, 
tore, to each other as 1 to 1.43. If the whole 
transferable ch^e be corrected for a loss of 4® 
previous to division, it gives the expression of 
1.49 for the capacity of the shellac apparatus. 

1266. These four expressions of 1.47, 1.50, 
1.55, and 1.49 for the power of the shdlac ap- 
paratus, through the different variations of the 
experiment, are very near to each other; the 
average is close upon 1.5, which may hereafter 
be used as the expression of the result. It is a 
very important result; and, showing for this 
particular piece of shellac a decided superior- 
ity over air in allowing or causing the act of in- 
duction, it proved the growing necessity of a 
more close and rigid examination of the whole 
question. 

1267. The shellac was of the best quality, 
and had been carefully selected and cleaned; 
but as the action of any conducting particles in 
it would tend, virtually, to diminish the quan- 
tity or thickness of the dielectric used, and 
produce effects as if the two inducing surfaces 
of the conductors in that apparatus were nearer 
together than in the one with air only, I pre- 
pared another shellac hemisphere, of which the 
material had been dissolved in strong spirit ot 
wine, the solution filtered, and then carefully 
evaporated. This is not an easy operation, for 
it is difficult to drive off the last portions of 
alcohol without injuring the lac by the heat 
applied; and unless they be dissipate, the sub- 
stance left conducts too well to used in these 
experiments. I prepared two hemispheres this 
way, one of them unexceptionable; and with it 
I repeated the former experiments with ail pre^ 
cautions. The results were exactly of the same 
kind ; the following expressions for the capacity 
of the shellac apparatus, whether it were apj:^ 
i or ii, being ^ven directly by the expmments, 
1.46, 1.50, 1.52, 1.51; the average of thm and 
several others being very nearly 1.5. 

1268. As a final check upon the general ec^ 
elusion, I then actually brought the surfaces of 
tiie air apparatus, correspondmg to the 

of the shellae in its apparatus, nearer together; 
by putting a metalho lining into the lower 
sphere of the one hot containing the lac (12li3)^ 
The distance of the metal surface from fbq. 
carrier hall in this way diminished 
0.62 oi en inirii to 0.435 of an inch, whitot the 
inteml pocupied by the lac in the other 
paratus^ remthied 0.62 of an inch m be£cK^ 
Notwithstanding this dbanigSi ho appaiar 
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tus showed its farmer superiority; and whether 
it or the air apparatus was charged first, the 
capacity of the lac apparatus to the air apparar 
tua was by the experimental results as 1 .45 to 1 . 

1269. From all the experiments I have made, 
and their constant results, I cannot resist the 
conclusion that shellac does exhibit a case of 
specific inductive capacUy. I have tried to check 
the trials in every way, and if not remove, at 
least estimate, every source of error. That the 
final result is not due to common conduction is 
shown by the capability of the apparatus to re- 
tain the communicated charge; that it is not 
due to the conductive power of inclosed small 
particles, by which they could acquire a polar- 
ized condition as conductors, is shown by the 
effects of the shdlac purified by alcohol; and, 
lhat it is not due to any influence of the charged 
state, fonnerly described (1250), first absorb- 
ing and then evolving electricity, is indicated 
by the instantaneous assumption and discharge 
of those portions of the power which are con- 
cerned in the phenomena, that instantaneous 
effect occurring in these cases, as in all others 
of ordinary induction, by charged conductors. 
The latter argument is the more striking in the 
case where the air apparatus is employed to di- 
vide the charge with the lac apparatus, for it 
obtains its portion of electricity in an instant, 
and yet is charged far above the mean. 

1270. Admitting for the present the general 
fact sought to be proved; then 1.5, though it 
expresses the capacity of the apparatus con- 
taining the hemisphere of shellac, by no means 
expresses the relation of lac to air. The lac only 
occupies one-half of the space o, o, of the ap- 
paratus containing it, through which the in- 
duction is sustained; the rest is filled with air, 
as in the other apparatus; and if the effect of 
the two upper halves of the globes be abstracted, 
then the comparison of the shellac powers in 
the lower half of the one, with the power of the 
air in the lower half of the other, will be as 2.1 ; 
and even this must be less than the truth, for 
the induction of the upper part of the appara- 
tus, i.e., of the wire and ball B (PI. IX, Fig. 1) 
to ext^nal objects, must be the same in both, 
mid Goninderably diminish the difference de- 
pmdent upon, mid really producible by, the 
influence of the diellac within. 

. 1271. Olass. I next worked with glass as the 
dielectrie. It involved the possibility of con- 
duction on its surface, but it excluded the idea 
cli^eoiMiucting partksles within its substance 
thwthoseof itsownxnass. Besides 


this it does not assume the charged state (123^ 
so readily, or to such an extent, as shellac. 

1272. A thin hemispherical cup of glass being 
made hot was covered with a coat of shellac 
dissolved in alcohol, and after being dried for 
many hours in a hot place, was put into the ap- 
paratus and experimented with. It exhibited 
effects so slight, that, though they were in the 
direction indicating a superiority of glass over 
air, they were allowed to pass as possible errors 
of experiment; and the glass was considered as 
producing no sensible effect. 

1273. 1 then procured a thick hemispherical 
flint glass ch^ resembling that of shellac (jl239), 
but not filling up the space o, o, so will. Its 
average thickness was 0.4 of an inch, th«e be- 
ing an additional thickness of air, averaging 
0.22 of an inch, to make up the whole space of 
0.62 of an inch between the inductive metallic 
surfaces. It was covered with a film of shellac 
as the former was (1272), and being made very 
warm, was introduced into the apparatus, also 
warmed, and experiments made with it as in 
the former instances (1257, &c.). The general 
results were the same as with shellac, i.e., glass 
surpassed air in its power of favouring induc- 
tion through it. The two best results asjre- 
spected the state of the apparatus for retention 
of charge, &c., gave, when the air apparatus 
was charged first 1.336, and when the glass ap- 
paratus was charged first 1.45, as the specific 
inductive capacity for glass, both being with- 
out correction. The average of nine results, 
four with the glass apparatus fii-st charged, and 
five with the air apparatus first charged, gave 
1.38 as the power of the glass apparatus; 1.22 
and 1.46 being the minimum and maximum 
numbers with all the errors of experiment upon 
them. In all the experiments the glass appara- 
tus took up its inductive charge instantly, and 
lost it as readily (1269); and during the short 
time of each experiment, acquired the peculiar 
state in a small degree only, so that the influ- 
ence of this state, and also of conduction upon 
the results, must have been small. 

1274. Allowing specific inductive capacity to 
be proved and active in this case, and 1.38 as 
the expression for the glass apparatus, then the 
specific inductive capacity of flint glass will be 
above 1.76, not forgetting that this expression 
is for a piece of glass of such thickness as to oc- 
cupy not quite two-thirds of the space through 
wUch the induction is sustained (1253, 1273). 

1275. Sulphur. The same hemisphere of this 
substance wae used in app. ii as was form^ly 
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referred to (1242). The expeiiments were well 
made, i.e. the sulphur itsdf was free from 
charge both before and after each experiment, 
and no action from the stem appeared (1203, 
1232), so that no correction was requir^ on 
that account. The following are the results 
when the air apparatus was first charged and 
divided: 

App. i. Air App. ii. Sulphur 
BaUs 280® 

0 ® 

0 ® 

438 

434 

Charge divided 
162 

164. 

160 

162 

0 after discharge 

0 after discharge 

Here app. i retained 164®, having lost 270® in 
communicating 162® to app. ii, and the capac- 
ity of the air apparatus is to that of the sulphur 
apparatus as 1 to 1.66. 

1276. Then the sulphur apparatus was 
charged first, thus: 

0 ® 

0 ® 

396 

388 

Charge divided 

237 

238 

0 after discharge 

0 after discharge 

Here app. ii retained 238®, and gave up 150® in 
communicating a charge of 237® to app. i, and 
the capacity of the air apparatus is to that of 
the sulphur apparatus as 1 to 1.58. These re- 
sults are very near to each other, and we may 
take the mean 1.62 as representing the specific 
inductive capacity of the sulphur apparatus; 
in which case the specific inductive capacity of 
sulphur itself as compared to airs=l (1270) 
will be about or above 2.24. 

1277. This result with sulphur I consider as 
one of the most unexceptionable. The substance 
when fused was perfectly clear, pellucid, and 
free from particles of dirt (1267), so that no in- 
terference of small conducting ^dies confused 
the result. The substance wl^n solid is an ex- 
cellent insulator, and by experiment was found 
to take up, with great slowness, that state 
(1241, 1^2) which alone se^ed likely to dis- 
turb the conclusion. The experiments them- 
selves, also, were free from any need of eorreo^ 


tion. Yet notwithstanding these circumstanoes, 
so favourable to the exclusion of error, the re- 
sult is a higher specific inductive capacity for 
sulphur thw for any other body as yet tried; 
and though this may in part be due to the sul- 
phur being in a better shape, i.e., filling up 
more completely the space o, o, (PI. X, Fig, 
1) than the cups of shellac and glass, still I fed 
satisfied that the experiments altogether fully 
prove the existence of a difference between di- 
electrics as to their power of favouring an in- 
ductive action through them; which differ^oe 
may, for the present, be expressed by the term 
specific inductive capacity, 

1278. Having thus established the point in 
the most favourable cases that 1 could antici- 
pate, I proceeded to examine other bodies 
amongst solids, liquids, and gases. These re- 
sults I shall give with all convenient brevity. 

1279. Spermaceti. A good hemisphere of sper- 
maceti being tried as to conducting power 
whilst its two surfaces were still in contact 
with the tinfoil moulds used in forming it, was 
found to conduct sensibly even whilst warm. 
On removing it from the moulds and using it in 
one of the apparatuses, it gave results indicating 
a specific inductive capacity between 1.3 and 
1.6 for the apparatus containing it. But as the 
only mode of operation was to charge the air 
apparatus, and then after a quick contact with 
the spermaceti apparatus, ascertain what was 
left in the former (1281), no great confidence 
can be placed in the results. They are not m 
opposition to the general conclusion, but can- 
not be brought forward as argument in favour 
of it. 

1280. I endeavoured to find some liquids 
which would insulate well, and could be ob- 
tained in sufficient quantity for these experi- 
ments. Oil of turpentine, native naphtha recti- 
fied, and the condensed oil gas fiuid, appeared 
by common experiments to promise Imt as to 
insulation. Being left in contact with fused 
carbonate of potassa, chloride of lime, and quick 
lime for some days and then filtered, they were 
found much injured in insulating power; but 
after distillation acquired their best state, though 
even then they proved to be conductors when 
extensive metallic contact was made with themw 

128L Oil ef iurp&fdine rectified, I filled the 
lower half of app. i with the fiuid: and as it 
would not hold a charge sufficiently to enable 
mefirsttomeasureaid thendivi(tei^^ lehargtd 
app. ii contfuniec ^nd dividing its 
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Ivftb app. i by contact, zneasui^ tiiat 

mnaining in app. ii: for, theoreticaUy, il a 
qmek contact would divide up to equal i^Am, 
Mtween the two apparatuses, yet without sen- 
flible loss from the conducting power of app« i; 
and app. ii were left charged to a degree of ten* 
sion ai^ve half the original charge, it would 
indicate that oil of turpentine had less specific 
inductive capacity than air; or, if left charged 
bdow that mean state of tension, it would im- 
ply that the fluid had the greater inductive 
capacity. In an experiment of this kind, app. 
ii gave as its charge 390^ before division with 
app. i, and 17b^ afterwards, which is less than 
the half of 390®. Again, being at 175® before di- 
vision, it was 79® after, which is also less than 
half the divided charge. Being at 79®, it was a 
; thkd time divided, and then fell to 36®, less 
than the half of 79®. Such are the best results 1 
could obtain; they are not inconsistent with 
the belief that oil of turpentine has a greater 
(Specific capacity than air, but they do not prove 
the fact, mnce the disappearance of more than 
half the charge may be due to the conducting 
power merely of the fluid. 

1282. Naphtha. This liquid gave results sim- 
ilar in their nature and direction to those with 
cil of tuipentine. 

1283. A most interesting class of substances, 
in relation to specific inductive capacity, now 
came under review, namely, the gases or aeri- 
form bodies. These are so pecuUarly consti- 
tuted, and are bound together by so many 
striking physical and chemicai relations, that I 
esspect^ some remarkable results from them: 
air in various states was selected for the first 
experiments. 

" 1284. Atr, rare and dense. Some experiments 
ed division (1208) seemed to show that dense 
end rare air were alike in the property under 
ekmunation. A simple and better process was 
to^attach one of the apparatuses to an air- 
to charge it, and then examine the ten- 
inon of the charge when the air within was more 
dr less rar^ed. Under these circumstanoes it 
wae found, that commencing with a certain 
dijurge, that diarge did not (t^nge in its ten- 
ifion or force as the air was rarefi^, until the 
rarefaction was Sudx that discharge across tiie 
0 , 0 (PL iX, Fig^ 1) occunnd. This cBs- 
ivaq proportionate to the rarefaction; 
^ v titaoe, and lowered tiie ten^ 

that degree was not at 
by testoing^tiie'pressure and den«* 
to their 'fizrt ' 


S&fiM of Mercury 

ThusatapresBurSof 80 theohargewas Bff 

Again 80 tiiechargewas 88 

Ac^in 80 the charge was 87 

Eeducedto 14 the charge was 87 

Eaised again to 30 the charge was 86 

Being now reduced to 3.4 the charge fell to 81 
Rais^ again to 30 the charge was still 81 

1285. The charges were low in these experi- 
ments, first that they might not pass off at low 
pressure, and next that little loss by dissipa- 
tion might occur. I now reduced them still 
lower, that Lmtght rarefy further, and fof this 
purpose in the following experiment ui^ a 
measuring interval in the electrometer of only 
15® (1185). The pressure of air within th© ap- 
paratus being reduced to 1 .9 inches of mercury, 
the charge was found to be 29®; then lettini in 
air till the pressure was 30 inches, the chaige 
was still 29®. 

1286. These experiments were repeated with 
pure oxygen with the same consequences. 

1287. This result of no variation in the elec- 
tric tension being produced by variation in the 
density or pressure of the air, agrees perfectly 
with those obtained by Mr. Harris,^ and de- 
scribed in his beautiful and important investi- 
gations contained in the Philosophical Trans- 
actims; namely that induction is the same in 
rare and dense air, and that the divergence of 
an electrometer under such variations of the 
air continues the same, provided no electricity 
pass away from it. The ^ect is one entirely in- 
dependent of that power which dense air has of 
causing a higher charge to be retained upon the 
surface of conductors in it than can be retained 
by the same conductors in rare air; a point I 
propose considering hereafter. 

1288. I then compared hot and cold air to- 
gether, by raising the temperature of one of 
the inductive apparatus as high as it could be 
without injury, and then dividing charges be- 
tween it and the otiser apparatus containing 
cold air. The temperatures were about 50® and 
200®. Still the power or capacity appeared to be 
unchanged; and when I endeavoured to vary 
the experiment, by charging a cold apparatus 
and then warming it by a spirit lamp, I codd 
obtain no proof that the inductive capadty 
underwent any alteration. 

1289. 1 compared dampanddty air together, 
but could fijd no difference in resdta. 

1290. Gam. Awry long series of experiments 

7 PhaoiophM fransaetions, 1834, pp. 228. iU. 
287,244. 
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mB Urn undertiltm tor tbo purpose of eom* 
paring diffarent gatea one ml£ another. They 
were all found to insulate well, except such as 
acted on tiie sh^o of the supporting stem; 
these were chlorine, ammonia, and muriatic 
acid. They were all diried by appropriate means 
before being introduced into the apparatus. It 
would have been sufficient to have compared 
each with air; but, in consequence of the sferik- 
ing result which came out, namely, that cdl had 
the same power of or capacity for, sustaining in- 
duction through them {which perhaps might 
have ^n expected after it was found that no 
variation of density or pressure produced any 
effect), I was induced to compare them, ex- 
perimentally, two and two in various ways, 
that no difference might escape me, and that 
the sameness of result might stand in full op- 
position to the contrast of property, composi- 
tion, and condition which the gases themselves 
presented. 

1291. The experiments were made upon the 
following pairs of gases. 


1. Nitrogen and 

2. Oxygen 

3. Hychogen 

4. Muriatic acid gas 

5. Oxygen 

6. Oxygen 

7. Oxygen 

8. Oxygen 

9. Oa^gen 

10. Oxygen 

11. Hydrogen 

12. Hydrogen 

13. Hydrogen 

14. Hydrogen 

15. Hydrogen 

16. Hydrogen 

17. Hydrogen 

18. Nitrogen 

19. Nitrogen 

20. Nitrogen 

21. Nitrogen 

22. Carbonic oxide 

23. Carbonic oxide 

24. Nitrous oxide 

25. Ammonia 


Oxygen 

Air 

Air 

Air 

Hydrogen 
Carbonic acid 
Olefiant gas 
Nitrous gas 
Sulphurous acid 
Ammonia 
Carbonic acid 
Olefiant gas 
Sulphurous acid 
Fluo-silioio acid 
Ammonia 

Arseniurotted hydrogen 
Sulphmetted hydrogen 
Olefiant gas 
Nitrous gas 
Nitrous oxide 
Ammonia 
Carbonic acid 
Olefiant gas 
Nitrous gas 
Sulphurous acid 


1292. Notwithstanding the striking contrasts 
of all kinds which these gases pi^esent of pr(^ 
erty, of denrity, whether simple or compound, 
anions or cations (665), of high or low pres- 
sure (1284, 1286), hot or cold (1288), not^the 
least in thrir capacity to fovcw or 

admit eleci»ical induericm through them oquld 
be ppioeiv^^ Oo^dering the point ee^eiMsked 
that in all flakes gases induction ta^ place by 
an act^ of oontiguouB particles, the 


mom to^iortaiit, and adds one to the many 
striking rdiations which hold between bodice 
having the gaseous ccmditicm and form. ;Ab« 
other equidly important dectrical relation, which 
will be examined in the next paper,^ is that 
which the different gases have to each other at 
the same pressure d causing the. retention of 
the same or different degrees ^ charge upon con- 
ductors in them. These two results appear to 
bear importantly upon the subject of electro- 
chemical exdtation and decomposition; for as 
aJU these phenomena, different as they seem to 
be, must depend upon the electrical forces of 
the particles of matter, the very distance at 
which they seem to stand from each other wiQ 
do much, if properly considered, to illustrate 
the principle by which they are held in erne 
common bond, and subject, as they must be, 
to one common law. 

1293. It is just possible that the gases may 
differ from each other in their specific induc- 
tive capacity, and yet by quantities so small as 
not to be distinguished in the apparatus I have 
used. It must be remembered, however, that 
in the gaseous experiments the gases occupy 
all the space o o (PL IX, Fig, 1), between the 
inner and the outer ball, except the small poi^ 
tion filled by the stem; and the results, there- 
fore, are twice as delicate as those with solid 
dielectrics. 

1294. The insulation was good in all the ex- 
peiiments recorded, except Nos. 10, 15, 21, 
and 25, being those in which ammonia was 
compared with other gases. When shellac is put 
into ammoniacal gas its surface gradually ac- 
quires conducting power, and in this way the 
lac part of the stem withfo was so altered, that 
the ammonia apparatus could not retain at^iargs 
with sufficient steadiness to allow of division. 
In these experiments, therefore, the other ap- 
paratus was charged; its charge measured and 
divided with theammoniaapparatus by a quick 
contact, and what remained untaken away hy 
the division again measured (1281). It was so 
nearly one-half of the originat charge, as to au^ 
thorixe, with thiB reservation, the ins^tioik at 
ammoniacal gas amongst the other gases, 
having equal power with them. 

General Smdis as to InditeUm 

1295. Thus induetion appears to be aasetitki^ 
an actim^t of contiguous particles, tiirooi^ 
iatetmediation of which the ctoAiie 
originating or ai^pearing at a cOctidn pkim, is 
propagated to ot sustained 

« See in rtiatiott to this point 1388; 1836. 
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pearing &Lem as a force of the same land ex- 
actly equal in amount, but opposite in its di- 
rection and tendencies (1164). Induction re- 
quires no sensible thickness in the conductors 
which may be used to limit its extent; an unin- 
sulated leaf of gold may be made very highly 
poritive on one surface, and as highly negative 
on the other, without the least interference of 
tihe two states whilst the inductions continue. 
Nor is it affected by the nature of the limiting 
conductors, provided time be allowed, in the 
case of those which conduct slowly, for them 
to assume their final state (1170). 

1296. But with regard to the dielectrics or in- 
suiatingmedia, matters are very different (1167). 
Their thickness has an immediate and impor- 
tant influence on the degree of induction. As to 

‘ thrir quality, though all gases and vapours are 
alike, whatever their state; yet amongst solid 
bodies, and between them and gases, there are 
differences which prove the existence of specific 
inductive capacities, these differences being in 
some cases very great. 

1297. The direct inductive force, which may 
be concrived to be exerted in lines between the 
two limiting and charged conducting surfaces, 
is accompanied by a lateral or transverse force 
equivalent to a dilatation or repulsion of these 
representative lines (1224); or the attractive 
force which exists amongst the particles of the 
dielectric in the direction of the induction is ac- 
companied by a repulsive or a diverging force 
in the transverse direction (1304). 

1298. Induction appears to consist in a cer- 
tain polarized state of the paHicles, into which 
they are thrown by the electrified body sus- 
taining the action, the particles assuming posi- 
tive and negative points or parts, which are 
symmetricaUy arranged with respect to each 
other and the inducting surfaces or particles.^ 
The state must be a forced one, for it is origin- 
ated and sustained only by force, and sinks to 
the normal or quiescent state when that force 
is removed. It can be continued only in insu- 
lators by the same portion of electricity, be- 
cause they only can retain this state of the 
particles (1304). 

1299. The principle of induction is of the ut- 
most generaUty in electric action. It consti- 
tutes charge in every ordinary case, and prob- 
ably in every case; it appears to be &e cause of 

, f The theory of mduetion which 1 am stating does 
not pretend to decide whether electricity be a fluid 
mr fluids^r a mere power or condition of recognised 

. |aattar£,c^at is a question which 1 may be induced 
;ls'c<aistder hi Ihe nan or lolhriring series of these re- 

Hiwffehas. 


all excitement, and to precede every eurrent. 
The degree to which the particles are affected 
in this their forced state, before discharge of 
one kind or another supervmes, appears to 
constitute what we call intensity. 

1300. When a Leyden jar is charged, the 

particles of the glass are forced into this polar- 
ized and constrained condition by the electric- 
ity of the charging apparatus. Discharge is the 
return of these particles to their natural state 
from their state of tension, whenever the two 
electric forces are allowed to be disposed of in 
some other c^irpction. r 

1301. All charge of conductors is on pheir 
surface, because being essentially inductive, it 
is there only that the medium capable ofWs- 
taining the necessary inductive state begins. If 
the conductors are hollow and contain aii or 
any other dielectric, still no charge can appi^r 
upon that internal surface, because the dielec- 
tric there cannot assume the polarized state 
throughout, in consequence of the opposing ac- 
tions in different directions. 

1302. The known influence of form is per- 
fectly consistent with the corpuscular view of 
induction set forth. An electrified cylinder is 
more affected by the influence of the surround- 
ing conductors (which complete the condition 
of charge) at the ends than at the middle, be- 
cause the ends are exposed to a greater sum of 
inductive forces than the middle; and a point 
is brought to a higher condition than a ball, be- 
cause by relation to the conductors around, 
more inductive force terminates on its surface 
than on an equal surface of the ball with which 
it is compared. Here too, especially, can be 
perceived the influence of the lateral or trans- 
verse force (1297), which, being a power of the 
nature of or equivalent to repulsion, causes such 
a disposition of the lines of inductive force in 
their course across the dielectric, that they 
must accumulate upon the point, the end of 
the cylinder, or any projecting part. 

1303. The influence of distance is ako in har- 
mony with the same view. There is perhaps no 
distance so great that induction cannot take 
place through it:* but with the same constrain- 
ing force (1298) it takes place the more easily^ 
according as the extent of dielectric through 
which it is exerted is lessened. And as it is as- 

* I have traced it experimentally from a ball plaeed 
in the middle of the large cube formerly deaeribed 
(1173) to the aides of the cube six feet distant, and 
also from the same ball placed in the middle of our 
large lecture-room to the walls of the room st twen- 
ty-six feet distance* the charge sustained upon the 
ball in ^ese cases being aol^ due to inducticn 
through these distances. 
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suiaed by the theo^ that the parttclesof the cUe- 
lectric, though tending to remain in a normal 
state, are thrown into a forced condition during 
the induction; so it would seem to follow that 
the fewer there are of these intervening particles 
opposing their tendency to the assumption of 
the new state, the greater degree of change 
will they suffer, i.e., tibe higher will be the con- 
dition they assume, and the larger the amount 
of inductive action exerted through them. 

1304. 1 have used the phrases lims of indue- 
five force and curved lines of force (1231, 1297, 
1298, 1302) in a general sense only, just as we 
speak of the lines of magnetic force. The lines 
are imaginary, and the force in any part of 
them is of course the resultant of compound 
forces, every molecule being related to every 
other molecule in all directions by the tension 
and reaction of those which are contiguous. 
The transverse force is merely this relation 
considered in a direction oblique to the lines of 
inductive force, and at present I mean no more 
than that by the phrase. With respect to the 
term polarity also, I mean at present only a 
disposition of force by which the same mole- 
cule acquires opposite powers on different parts. 
The particular way in which this disposition is 
made will come into consideration hereafter, 
and probably varies in different bodies, and so 
produces variety of electrical relation.^ All I 
am anxious about at present is, that a more 
particular meaning should not be attached to 
the expressions used than I contemplate. Fur- 
ther imjuiry, I trust, will enable us by degrees 
to restrict the sense more and more, and so 
render the explanation of electrical phenomena 
day by day more and more definite. 

1306. As a test of the probable accuracy of 
my views, I have throughout this experimental 
examination compared them with the conclu- 
sions drawn by M. Poisson from his beautiful 
mathematical inquiries.^ I am quite unfit to 
form a judgment of these admirable papers; 
but as far as I can perceive, the theory I have 
set forth and the results I have obtained are 
not in opposition to such of those conclusimis 
ae represent the final disposition and state of 
the forces in the limited number of cases he has 
considered. His theory assumes a very differ- 
ent mode of action in induction to that which I 
have ventured to support, and would probably 
find its mathematics test in the endeavour to 
apply it to cases of induction in curved lines* 

* See now 1686, Ac,— Dec. 1838. 

* Mimoirea de V Institute isil, Vol. Xll, the first 
page 1, and ISie seeond paging 163. 


To my feeling it is insufficient in accounting, 
for the retentbn of electricity upon the sur- 
face of conductors by the pressure of the air, an 
effect which I hope to show is simple and con- 
sistent according to the present view;> and it 
does not touch voltaic electricity, or in any 
way associate it and what is called ordinaiy 
electricity imder one common principle. 

I have also looked with some anxiety to the 
results which that indefatigable philosopher 
Harris has obtained in his investigation of the 
laws of induction,^ knowing that they were ex- 
perimental, and having a full conviction of 
their exactness; but I am happy in perceiving 
no collision at present between them and the 
views I have taken. 

1306. Finally, I beg to say that I put forth 
my particular view with doubt and fear, lest it 
should not bear the test of general ex^ina- 
tion, for unless true it will only embarrass the 
progress of electrical science. It has long be^ 
on my mind, but I hesitated to publish it until 
the increasing persuasion of its accoidance with 
all known facts, and the manner in which it 
linked together effects apparently very differ- 
ent in kind, urged me to write the present 
paper. I as yet see no inconsistency between it 
and nature, but, on the contrary, think I per- 
ceive much new light thrown by it on her 
operations; and my next papers will be devot- 
ed to a review of the phenomena of conduc- 
tion, electrolyzation, current, magnetism, re- 
tention, discharge, and some other points, with 
an application of the theory to these effects, 
and an examination of it by them. 

Royal Institulion, November 16, 1837 

Suppkmentary Note to Experimental Researckes 
in Electricity f Eleventh Series 
Rbceivbd 29, 1838 

1307. I have recently put into an experi- 
mental form that general statement of the ques- 
tion of specific indfuetm capacity which is given 
at No. 1252 of Series XI, and the result is such 
as to lead me to hope the Council of the Royal 
Society will authorize its addition to the paper 
in the form of a supplementary note. Tbiee 
circular brass plates, about five inches in di^ 
ameter, were mount<k side by side upon insu- 
lating pillars; the middle one. A, was a fis^tur^ 
but the outer plates B and C were moveal^ m 
slides, so that all three could be broc^t Wiffii 
their sides almost into Ccnitact, or separated to 

« Refer to 1377, 1378, 1379, ISSS.-Dee. 183$. . 

iFadeeejpAM TrormcHaiiSt 1834, p. 213. 
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inqiimd Two gold leaves were 

8i»^)eoded m a glass jar from insulated wires; 
cue of tiie outer plato B was connected witli 
one of the gold leaves, and the other out^ 
plate with the other leaf. The outer plates B 
and C were adjusted at the distance of an inch 
and a quarter from the middle plate A, and the 
gold leaves were fixed at two inches apart; A 
was then slightly charged with diectricity, and 
the plates B and C, with their gold leaves, 
thrown out of insulation at the same time^ and 
then left insulated. In this state of things A 
was charged positive inductrically, and B and 
C negative inducteously; the same dielectric, 
air, toing in the two intervals, and the gold 
leaves hanging, of course, parallel to each other 
in a relatively unelectrifi^ state. 

iS08. A plate of shellac three-quarters of mi 
indi in thickness, and four inches square, sus- 
pended by clean white silk thread, was very 
carefully deprived of all charge (1203) (so that 
H produced no effect on the gold leaves if A 
were uncharged) and then introduced between 
{dates A and B; the electric relation of the 
Ihree plates was immediately altered, and the 
gold leaves attracted each other. On removing 
tiieidiellac this attraction ceased ; on introducing 
it between A and C it was renewed; on remov- 
11 ^ it the attraction again ceased ; and the shel- 
lac when examined by a delicate Coulomb elec- 
trometer was still without charge. 

1309. As A was positive, B and C were of 
course negative; but as the specific inductive 
capacity ^ shellac is about twice that of air 
(1270), it was expected that when the lac was 
introduced between A and B, A would induce 
more towards B than toward C; that there- 
fore B would become more negative than be- 
fere towards A, and consequently, because of 
its insulated condition, be positive externally, 
ns at its back or at the gold leaves; whilst C 
m^d be less negative towards A, and there- 
fore negative outwards or at the gold leaves. 

was fotmd to be the case; for on which- 
6^ side of A the shellac was introduced the 
cxtacnal plate at that side was positive, and 
Ihe extenisl plate on the other side negative 
towards each 0 (h«:» and also to uninsuta^ exr 
temal bodied. 

1310. On employing a |date of sulphur in- 
stead of shdlao, tbosame n^ts were obtained; 
aimifistentiwiih the <H)nGlusi<ii^ drawn regard** 
fog the hi^ spedfio mductive capacity of that 

aljce^y given 

These effects of sp^c. inductive 
ilifoidity pan be exalted fo va^ 


tluB capability wfakdi makes the great yaiiie of 
the apparatus. Thus I introduced the shellac 
between A and B, and then for a moment cem- 
nected B and C, uninsulated them, and finally 
left them in the insulated state; the gold leaves 
were of course hanging parallel to each other. 
On removing the i^ellac the gold leaves at- 
tracted each other; on introducing the shellac 
between A and C this attraction was increased 
(as had been anticipated from theory), and 
the leaves came together, though not more 
than four inches long, and longing three inches 
apart. * j 

1312. By simply bringing the gold l^ves 
nearer to each other I was able to show ihk dif- 
ference of specific inductive capacity when hnly 
thin plates of shellac were used, the rest of\the 
dielectric space being filled with air. By bn^g- 
ing B and C nearer to A another great incre^e 
of sensibility was made. By enlarging the size 
of the plates still further power was gained. By 
diminishing the extent of the wires, <&c., con- 
nected with the gold leaves, another improve- 
ment resulted. So that in fact the gold leaves 
became, in this manner, as delicate a teft of 
specific indwetive actum as they are, in Bennetts 
and Singer’s electrometers, of ordinary elec- 
trical charge. 

1313. It is evident that by making the three 
plates the sides of cells, with proper precau- 
tions as regards insulation, &c., this apparatus 
may be used in the examination of gases, with 
far more effect than the former apparatus (1187, 
1290), and may, perhaps, bring out differences 
which have as yet escaped me (1292, 1293). 

1314. It is also evident that two metal plates 
are quite sufficient to form the instrument; the 
state of the single inducteous plate when the 
dielectric is changed, being examined either by 
bringing a body excited in a known manner t<^ 
war^ its gold leaves, or, what I think will be 
better, employing a carrier ball in place of the 
leaf, and examining that ball by the Coulomb 
electrometer (1180). The inductive and induc- 
teous surfaces may even be balls; the latter be- 
ing itself the carrier bail of the Coulopib’s elec- 
trometer (1181, 1229). 

1315. Toincreaaeiheeffect, asmallcondenser 
may be used with great advantage. l%us if) 
when two inducteous plates are used, a little 
condenser were put in the place of the gold 
leaves, I bave no doubt the three prir^ipal 
plates mi#Lt be reduced to an inch or even 

an inch in diameter. Even the gold leaves act 
fo each other for the time as plafos of ft 
^ndenseir. If o^.two plates were by the 
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proper appScstion of the eondeiuer the same 
reduction might take place. This expectation is 


fully justified by an effect already observed 
and described (1229). 

1316. In that case the applicaticm of the in- 
strument to very extensive research is evident. 
Comparatively small masses of dielectrics could 
be examined, as diamonds and crystids. An 
expectation, that the specific inductive capac- 
ity of crystals will vary in different direc- 
tions, according as the lines of inductive force 
(1304) are par^lel to, or in other positions in 
relation to the axes of the crystals, can be 


m 

tested:^ 1 puiposei^t^ these and many 
thoui^ whiA arise respecting specific liidu^ 
tive acticm and the polarity of the parthdes 
ci (tieleetric matter, shah be put to the proof 
as soon as I can find time. 

1317. Hoping that this apparatus will form 
an instrum^t of considerable use, I beg to 
propose for it (at the suggestion of a friimd) 
the name of (HfferenHal indwiMnder. 

Boyd InstikUionf March 29, 1838 

1 Refer for this inveBtigation to 1689 — 169S.>— 
Dee. 1838. 
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1318. 1 PROCEED now, according to my promise, 
to examine, by the great facts of electrical sci- 
ence, that theory of induction which 1 have 
ventured to put forth (1165, 1295, Ac.). The 
principle of induction is so universal that it 
pervades all electrical phenomena; but the gen- 
eral case which I purpose at present to go into 
consists of insulation traced into and terminat- 
ing with discharge, with the accompanying ef- 
fects. This case includes the various mjodes of 
discharge, and also the condition and characters 
of a current; the elements of magnetic action 
being amongst the latter. I shall necessarily 
have occasion to speak theoretically, and even 
hypothetically; and though these papers pro- 
fess to be experimental researches, I hope that, 
considering the facts and investigations ccm- 
tuned in the last series in support of the par- 
ticular view advanced, I shall not be consid- 
ered as taking; too much liberty on the present 
occasion, or as departing too far hrom the char- 
acter which they ought to have, especially as 1 
shall use every opportunity which presents it- 
self of returning to that strong test of trtith, 

1319. Induction has as yet been oottsideied 
in these ^pera only in oases of insulation; op- 
posed to insutatipn is cfjscJkppe. The aofkm or 
effect wliirii may be by the g*eneml 

itaeharge, may take place, as far' as we 
awsie at present, in seraal modes. Thus, 


that which is called simply conduction involves 
no chemical action, and apparently no dis- 
placement of the particles concerned. A second 
mode may be called electrolytic discharge; in it 
chemical action does occur, and particles must, 
to a certain degree, be displaced. A third mode, 
namely, that by sparks or brushes, may, be- 
cause of its violent displacement of the pai#- 
cles of the didednc in its course, be calM the 
disruptive discharge ; and a fourth may, perhaps, 
be conveniently distinguished for a time by 
the words comedion, or carrying disckar^t be- 
ing that in which discharge is effected either 
by the carrying power of solid parti^des, ot 
those of gases and liquids. Hereafter, perhaps, 
all these modes may appear as the result of one 
common principle, but at present they require 
to be conside^ apart; and I will now spe^of 
the first mode, for amongst all the forms of 
charge, that which we express by tiie term cow- 
duction appears the most simple and the moSt 
directly in contrast with insulation. r 

f vii, CcnducMm, or Cordudm IHsdUtii^ 
1320. Thou^ aesumed to be essimtia^^ilHI^ 
ferent, yet neither Cavendish nor PoiB80ii!ai6- 
tempt to explain by, or even state in, thrir 
theories, what the essential difference between 
insulation and conduction is. Nor have 1 
thing, peifaapB, to offer in this except 

that, accord^ to my view of induction, ixuii- 



m 

Ifttian mi ecmduction depend upon the same 
molecular action of the dieleotiies concerned; 
are only extreme degrees of me common condt- 
lion or effect; and in any sufficient mathemat- 
ical theory of electncity must be taken as cases 
of the same kmd. Hence the importance of the 
endeavour to show the connection between 
them under my theory of the electrical rela- 
tions of contiguous particles. 

1321. Though the action of the insulating di- 
electric in the charged Leyden jar, and that of 
the wire in discharging it, may seem very dif- 
ferent, they may be associate by numerous 
intermediate lin^, which carry us on from one 
to the other, leaving, I think, no necessary con- 
nection unsupplied. We may observe some of 
these in succession for information respecting 
the whole case. 

1322. Spermaceti has been examined and 
found to be a dielectric, through which induc- 
tion can take place (1240, 1246), its specific in- 
ductive capacity being about or above 1.8 
(1279), and the inductive action has been con- 
sidered in it, as in all other substances, an ac- 
tion of contiguous particles. 

1323. But spermaceti is also a conductor^ 
though in so low a degree that we can trace the 
process of conduction, as it were, step by step 
through the mass (1247) ; and even when the 
electric force has travelled through it to a cer- 
tain distance, we can, by removing the coerci- 
tive (which is at the same time the inductive) 
force, cause it to return upon its path and re- 
appear in its first place (1245, 1246). Here in- 
duction appears to be a necessary preliminary 
to conduction. It of itself brings the contiguous 
particles of the dielectric into a certain condi- 
tion, which, if retained by them, constitutes 
msidationf but if lowered by the communicar 
tion of power from one particle to another, 
constitutes conduction, 

1324. If gktss or shellac be the substances un- 
der consideration, the same capal^iiities of suf’^ 
lering either induction or conduction through 
Ijbem appear (1233, 1239, 1247), but not in the 
same degim The conduction almost disap- 
pears (1239, 1242) ; the induction therefore is 
sustained, i.e., the polarized state into which 
the inductive force baa brought the contiguous 
particles is retained^ there being little discharge 
action between them^ and therefore the insula^ 
Mon eontmues. But, what discharge there is, 

to be consequent upon that condition 
W thepiirtieles into i^hicht^ induction throws 
thus it is ordinary insulation 
coni^tien a^^losely .associated together 


or rather are extrme cases of one common con- 
dition. 

1325. In ice or water we have a better con- 
ductor than spermaceti, and the phenomena of 
induction and insulation therefore rapidly dis- 
appear, because conduction quickly follows up- 
on the assumption of the inductive state. But 
let a plate of cold ice have metallic coatings on 
its sides, and connect one of these with a good 
electrical machine in work, and the other with 
the ground, and it then becomes easy to ob- 
serve the phenomena of induction through the 
ice, by the electrical tension which can be ob- 
tained and QPijUiinued on both the coating!^ (419, 
426). For although that portion of powertwhich 
at one moment gave the inductive condition to 
the particles is at the next lowered by thi con- 
sequent discharge due to the conductive mi, it 
is succeeded by another portion of force From 
the machine to restore the inductive stat)^. If 
the ice be converted into water the same suc- 
cession of actions can be just as easily proved, 
provided the water be distilled, and (if the ma- 
chine be not powerful enough) a voltaic bat- 
tery be employed. 

1326. All these considerations impress my 
mind strongly with the conviction, that insu- 
lation and ordinary conduction cannot be prop- 
erly separated when we are examining into 
their nature; that is, into the general law or 
laws under which their phenomena are pro- 
duced. They appear to me to consist in an ac- 
tion of contiguous particles dependent on the 
forces developed in electrical excitement; these 
forces bring the particles into a state of tension 
or polarity, which constitutes both induction 
and insidation; and being in this state, the con- 
tinuous particles have a power or capability of 
communicating their forces one to the other, 
by which they are lowered, and discharge oc- 
curs. Every body appears to discharge (444, 
987) ; but the possession of this capability in a 
greater or smaller degree in different bodies, 
makes them better or worse conductors, worse 
or better insulators; and both induction and 
conduction appear to be the same in their prin- 
ciple and action (1320), except that in the lat- 
ter an effect common to both is raised to the 
highest degree, whereas in the former it occurs 
in the best cases, in only an almost insensible 
quantity. 

1327* That in our attempts to penetrate into 
the nature of electrical action, and to deduce 
laws more general than those we are at.pres^t 
acquainted with, we should endeavour to bripS 
apparently opposite effects to stand by 
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side in harmonious arrangement, is an opinion 1330. Let us look at Mr. Wheatstone’s bean^ 


of long standing, and sanctioned by the ablest 
philosophers. I hope, therefore, I may be ex- 
cused the attempt to look at the highest cases 
of conduction as analogous to, or even the same 
in kind with, those of induction and insulation. 

1328. If we consider the slight penetration of 
sulphur (1241, 1242) or shellac (1234) by elec- 
tricity, or the feebler insulation sustained by 
spermaceti (1240, 1279), as essential conse- 
quences and indications of their corduding pow- 
er, then may we look on the resistance of me- 
tallic wires to the passage of electricity through 
them as inavlating power. Of the numerous 
well-known cases fitted to show this resistance 
in what are called the perfect conductors, the 
experiments of Professor Wheatstone best serve 
my present purpose, since they were carried to 
such an extent as to show that time entered as 
an element into the conditions of conduction^ 
even in metals. When discharge was made 
through a copper wire 2640 feet in length, and 
Msth of an inch in diameter, so that the lumi- 
nous sparks at each end of the wire, and at the 
middle, could be observed in the same place, 
the latter was found to be sensibly behind the 
two former in time, they being by the condi- 
tions of the experiment simultaneous. Hence a 
proof of retardation; and what reason can be 
given why this retardation should not be of the 
same kind as that in spermaceti, or in lac, or 
sulphur? But as, in them, retardation is insu- 
lation, and insulation is induction, why should 
we refuse the same relation to the same exhi- 
bitions of force in the metals? 

1329. We learn from the experiment that if 
time be allowed the retardation is gradually 
overcome; and the same thing obtains for the 
spermaceti, the lac, and glass (1248); give but 
time in proportion to the retardation, and the 
latter is at last vanquished. But if that be the 
case, and all the results are alike in kind, the 
only difference being in the length of time, why 
should we refuse to metals the previous induc- 
tive action, which is admitted to occur in the 
other bodies? The diminution of time is no ne- 
gation of the action; nor is the lower degree of 
tension requisite to cause the forces to traverse 
the metal, as compared to that necessary in the 
cases of water, spermaceti, or lac. These dif- 
ferences would only pdnt to the concludon, 
that in metals the particles under induction 
can transfer thdr foimes wien at a lower degree 
of tension or polarity, and with greater facility 
than in the instances of the other bodies. 

* ^hfiSUmphkal TVonsoctiona, 1834, p. 583. ^ ^ 


tiful experiment in another point of view. If, 
leaving the arrangement at the middle and two , 
ends of the long copper wire unaltered, we re- 
move the two intervening portions and replace 
them by wires of iron or platina, we shall have 
a much greater retardation of the middle spark 
than before. If, removing the iron, we were to 
substitute for it only five or six feet of water in 
a cylinder of the same diameter as the metal, 
we should have still greater retardation. If from 
water we passed to spermaceti, either directly 
or by gradual steps through other bodies (even 
though we might vastly enlarge the bulk, for 
the purpose of evading the occurrence of a 
spark elsewhere [1331] than at the three prop- 
er intervals), we should have still greater re- 
tardation, until at last we might arrive, by de- 
grees so small as to be inseparable from each 
other, at actual and permanent insulation. 
What, then, is to separate the principle of these 
two extremes, perfect conduction and perfect 
insulation, from each other; since the moment 
we leave in the smallest degree perfection at 
either extremity, we involve the element of 
perfection at the opposite end? Especially too, 
as we have not in nature the case of perfection 
either at one extremity or the other, either of 
insulation or conduction. 

1331. Again, to return to this beautiful ex- 
periment in the various forms which may be 
given to it: the forces are not all in the wire 
(after they have left the Leyden jar) during 
the whole time (1328) occupied by the dis- 
charge; they are disposed in part through the 
surrounding dielectric under the well-known 
form of induction; and if that dielectric be air, 
induction takes place from the wire through 
the air to surrounding conductors, until the 
ends of the wire are electrically related through 
its length, and discharge has occurred, i.e., for 
the time (luring which the middle spark is re- 
tarded beyond the others. This is well shown 
by the old experiment, in vdiich a long wire is 
so bent that two parts (PL X, Fig, I), a, 6, near 
its extremities shall approach within a short 
distance, as a quarter of an inch, of each other 
in the air. If the discharge of a Leyden jar, 
charged to a sufficient degree, be sent throng 
such a wire, by far the largest portion of Vlm 
electricity will pass as a spark across the air all 
tile interval, not by tiie metal. Does not 
the middle part of the wire, therdore, act 
as an insulating medium, though it be^of mefh! 
aI7 and is not the spark through the air aniii>i 
dioation of tiie tension (tiinultaneems with ifh 
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rinj^ wire? Why diotild not the 'wire amd '^ 
sir batii be regained as dielectiics; and tiie ae^ 
tian at its mmmeneeinent, and whilst there is 
tension, as an inductiveaction? If itaetsthron^ 
the contorted lines of the wire, so it also does 
in curved and contorted lines through air (1219, 
1224, 1231), and other insulating didiectries 
(1228) ; and we can apparently go so far in the 
analogy, whilst limiting the case to the induc- 
tive acticm only, as to show that amongst in- 
sulating dielectrics some lead away the lines of 
force from others (1229), as the wire will do 
from worse conductors, though in it the princk* 
pal effect is no doubt due to the ready dis- 
charge between the particles whilst in a low 
state of tendon. The retardation is for the time 
insulation; and it seems to me we may just as 
fairly compare the air at the interval o, b (Fig. 
1) and the wire in the circuit, as two bodies of 
the same kind and acting upon the same prin- 
ciples, as far as the first inductive phenomena 
are concerned, notwithstanding the different 
forms of discharge which ultimately follow,^ as 
we may compare, according to Coulomb’s in- 
vestigations,^ different lengUiB of different insu- 
lating bodies required to produce the same 
amount of insulating effect. 

1332. This comparison is still more striking 
when we take into consideration the experiment 
of Mr. Harris, in which he stretched a fine wire 
across a glass globe, the air within being rare- 
fied.’ On sending a charge through the joint ar- 
rangement of metal and rare air, as much, if 
not more, electricity passed by the latter as by 
the former. In the air, rarefied as it was, there 
can be no doubt the discharge was preceded by 
induction (1284) ; and to my mind all the cir- 
cumstances indicate that the same was the 
case with the metal; that, in fact, both aub- 
stances are dielectrics, exhibiting the same ef- 
fects in consequence of the action of the same 
causes^ tile only variation being one of degr^ 
in the different substances employed. 


the in P r ofassci r IKhsatstm 
meat) were immediately connected with two 
li^ insidated metal&isearfacesexposed 
air, so that tlMS primary act of induction, aftte 
maJdng the contact for cfischarge, mi|^t be, ia 
p^ removed from the internal portion of 
wire at the first instant, and disposed for the 
moment on its surface jointly wi& the air mA 
surrounding conductors, then I venture to an- 
ticipate that the middle spark would be mote 
retted than before; and if these two plat^ 
were the inner and outer coating of a hyge jar 
or a Leyden battery, then the retardation <4 
tiiat spark would be stfil greater. 

1334. Cavendish was perhaps the first to 
riiow distinctly that discharge was not always 
by one channel,’ but, if several are present, by 
many at once. We may make these dffferent 
channels of different l^es, and by proper* 
tioning their thicknesses and lengths, may 
include such substances as air, lac, spmnaceti, 
water, protoxide of iron, iron and silver, and 
by one discharge make each convey its propor- 
tion of the electric force. Perhaps air ought 

to be excepted, as its discharge by conduetiem 
is questionable at present (1336) ; but the oth- 
ers may all be limit^in their mode of dischar^ 
to pure conduction. Yet several of them suffer 
previous induction, precisely like the induction 
tiirough the air, it being a necessary prelimi-^ 
nary to their discharg^g action. How can we 
therefore separate any one of these bodies from 
tiie others, as to the principles and mode oi 
Bulatmg and conducting, except by mere de- 
gree? All seem to me to be dielectrics acting 
alike, and und^ the same common laws. 

13^. I nn^t draw another argument in faw- 
our of the general sameness, in nature and ac- 
tion, of go^ and bad conductors (and ail tte 
hoSiSB I refer to are condactore more or less), 
fnnn the {wfect equipoise in action of very 
different bodies when opposed to each other in 
magneto-electric inductive action, as form^y 
described (218), but am anxious to be as fariel 


1333. Jud^g on these prindfdes, vebdty as is consistent with the clear examination bl 
of disclmrge tbrou^ the some wire may be the probable truth of my views. ^ 

variedgivsd/lybyattendmgtotimcirmunBtsnc^ 1^6. With regard to the possession ly <1# 
which cause variations of discharge through gases of any co^ueting power of the jnsa^ 
spermaceti m* sulphur. Ihus, for mstance^ it kind now u^r coiudderation, the questiaa^ 
must vaiy with the tention or intentit jr of tiie a very difficidt one to determine at 
^ ur^]^ force <1234, 1240), whidi immm Experiments seem to indicate that they doiiH 
is oharge and mduction. So if the two ends of siUate eevtain low degrees of tension 

and thsi thee^^ which may have 
to be oceationed by conduction havt 

of the euiying power of the ihaiied 


' will beaxsiniasd hereafter (1848, Jba}. 
^Mimeirss d» VAoodMsi 1705, p. 012 ;or 
^<0 Pw edUtiem], 
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partiicles/eiljbfi^ the air or of d«^t» nt it; E 
ia equally oertdtt, however, that with hi^ar 
d^ppdeB of tension or charge the particles dis* 
diarge to one another, and that is conduce 
tkmi^ If the gases possess the power of insulat* 
bg a certain low degree of teninon continuous* 
ly and perfectly, such a result may be due to 
their peculiar physical state, and the condi* 
tion of separation under which their particles 
are placed. But in that, or in any case, we must 
not forget the fine experiments of Cagniard 
de la Tour,^ in which he has shown tlmt liquids 
and their vapours can be made to pass gradu* 
ally into each other, to the entire removal of 
any marked distinction of the two states. 
Thus, hot dry steam and cold water pass by 
insensible gradations into each other; yet the 
One is amongst the gases as an insulator and 
the other a comparatively good conductor. As 
to conducting power, therefore, the transition 
from metals even up to gases is gradual; sub- 
stances make but one series in this respect, 
and the various cases must come under one 
condition and law (444). The specific differ- 
ences of bodies as to conducting power only 
serves to strengthen the general argument, that 
conduction, like insulation, is a result of induc- 
idon, and is an action of contiguous particles. 

1337. 1 might go on now to consider induc- 
tion and its concomitant, conduction^ through 
mixed dielectrics, as, for instance, when a 
charged body, instead of acting across air to a 
distant uninsulated conductor, acts jointly 
through it and an interposed insulated conduc- 
tor. In such a case, the air and the conducting 
body are the mixed dielec tncs; and the latter 
assumes a polaiised condition as a mass, like 
that which my theory assumes each particle of 
tte air to possess at ^e same time (lfi79). But 
1 fear to ^ tedious in the present condition of 
the subject, and hasten to the consideration of 
matter. 

1338. To sum up, in some degree, what has 
beeu said, 1 look upon the first ^ect of an ex- 
cited body upon neighbouring matt^ to be 
the production of a polarized state of their par* 
Hclkk, which constitutes induction; and this 
arises from its action upon the particles in im- 
mediate contact with it, which agam act upon 
tisose contiguous to them, and thus the forces 
ar4 transfei^ to a distance. If the inductioh 
imnaih undiminished, then perfect insulation 
ia the consequence; and the higher the polar- 
ised condition which the particles can acquire 


' iAiiomleit de Cfiimie, pp. 127, 178; or Qtfar- 
hwEt/ dfSeimoe, XV,< 14 A 


or miaintain, the Mgher is the iateornty which 
may be given to the acting forces. Ji, on* the 
contrary, the contiguous particles, upon ac- 
quiring the polarized state, have the power 
to communicate their forces, then conduction 
occurs, and the tension is lowered, conduction 
being a distinct act of discharge between neigh- 
bouring particles. The lower the state of ten- 
sion at which this discharge between the par- 
ticles of a body takes place, the better con- 
ductor is that body. In this view, insulators 
may be said to be bodies whose particles can 
retain the polarized state; whilst conductors 
are those wl^ose particles cannot be perman- 
ently polarized. If I be right in my view of in- 
duction, then I consider the reduction of these 
two effects (which have been so long hem dis- 
tinct) to an action of contiguous particles obe- 
dient to one common law, as a very, impoUant 
result; and, on the other hand, the identify of 
character which the two acquire when vieWed 
by the theory (1326), is additional presump- 
tive proof in favour of the correctness of the 
latter. 

1339. That heat has great influence over sim- 
ple conduction is well known (445), its effect 
being, in some cases, almost an entire cha^ige 
of the characters of the body (432, 1340). Har- 
ris has, however, shown that it in no respect 
affects gaseous bodies, or at least air;^ and Da- 
vy has taught us that, as a class, metals have 
their conducting power diminished by it.® 

1340. 1 formerly described a substance, sul- 
phuret of silver, whose conducting power was 
increased by heat (433, 437, 438) ; and I have 
since then met with another as strongly affect- 
ed in the same way : this is fluoride of lead. When 
a piece of that substance, which had been fused 
and cooled, was introduced into the circuit of 
a voltaic battery, it stopped the current. Being 
heated, it acquired conducting powers before 
it was visibly red-hot in dayli^t; and even 
sparks could be taken against it whilst still sol- 
id. The curreat alone then raised its tempera- 
ture (as in the case of sulphuret of silver) until 
it fused, after which it seemed to conduct as 
well as the metallic vessel containing it; for 
whether the wire used to complete the circuit 
touched the fused fluoride only, or was in con- 
tact with the platma on which it was support- 
ed, no sensible cMerenoe in the force of tiie 
current was observed. During all the t^e 
there was scarcely a trace of decomposing 

• PhUotophioal TronaoetioTM, 1834, p. 230* 

2821^ p. 431. 
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aetum of tbe fluoride, aasd what . tfld ooeur 
seexoed referable to the air and moisture of ihe 
atmosphm, and not to Electrolytic action. 

134X. I have now very little doubt that per- 
iodide of mercury (414, 448, 691) is a case of 
the same kind, and also corrosive sublimate 
(692). I am also inclined to think, since making 
the above experiments, that the anomalous ac- 
tion of the protoxide of antimony, formerly ob- 
served and described (693, 801), may be re- 
ferred in part to the same cause. 

1342. 1 have no intention at present of going 
into the particular relation of heat and elec- 
tricity, but we may hope hereafter to discover 
by experiment the law which probably holds 
together all the above effects with those of the 
evolution and the disappearance of heat by the 
current, and the striking and beautiful results 
of thermo-electricity, in one common bond. 

^ viii. Electrolytic Discharge 

1343. I have already expressed in a former 
paper (1164), the view by which I hope to as- 
sociate ordinary induction and electrolyzation. 
Under that view, the discharge of electric forces 
by electrolyzation is rather an effect superadd- 
ed, in a certain class of bodies, to those already 
described as constituting induction and insu- 
lation, than one independent of and distinct 
from these phenomena. 

1344. Electrolytes, as respects their insulat- 
ing and conducting forces, belong to the gen- 
eral category of bodies (1320, 1334) ; and if they 
are in the solid state (as nearly all can assume 
that state), they retain their place, presenting 
then no new phenomenon (426, &c.) ; or if one 
occur, being in so small a proportion as to be 
almost unimportant. When liquefied, they also 
belong to the same list whilst the electiic in- 
tensity is below a certain degree; but at a given 
intensity (910, 912, 1007), fixed for each, and 
very low in all known cases, they play a new 
part, causing discharge in proportion (783) to 
the development of certain chemical effects of 
combination and decomposition; and at this 
point, move out from the general class of insu- 
lators and conductors, to form a distinct one 
by themselves. The former phenomena have 
b^n considered (1320, 1338); it is the latter 
which have now to be revised, and used as a 
test of the proposed theory of induction. 

1345. The theory assumes, that the particles 
of the dielectric (now an electrolyte) are in the 

instance brought, by ordinary inductive 
^tion, into a polarized state, and raised to a 
certain degree of tension or intensity b^re 


diBchaar^e(xnm^ie6B;.t^ inductive stkte be* 
ing, in fact, ^necessary prdimimry to disdmrge. 
By taking advimtage of those circumstanooi 
which bear upon the point, it is not difficult to 
increase the tension indicative of this state of 
induction, and so make the state itself more 
evident. Thus, if distilled water be employed, 
and a long narrow portion of it placed between 
the rioctrodes of a powerful voltaic battery, we 
have at once indications of the intensity whidi 
can be sustained at these electrodes by the in- 
ductive action through the water as a dielec- 
tric, for sparks may be obtained, gold leaves 
diverged, and Leyden bottles charged at their 
wires. The water is in the condition of the sper- 
maceti (1322, 1323), a bad conductor and a bad 
insulator; but what it does insulate is by virtue 
of inductive action, and that inductionis the pre- 
paration for and precursor of discharge (1^8). 

1346. The induction and tension which ap- 
pear at the limits of the portion of water in the 
direction of the current are only the sums of 
the induction and tension of the contiguous 
particles between those limits; and the limita^ 
tion of the inductive tension, to a certain de- 
gree shows (time entering in each case as an 
important element of the result), that when 
the particles have acquired a certain relative 
state, dMiurge, or a transfer of forces equiva- 
lent to ordinary conduction, takes place. 

1347. In the inductive condition assumed by 
water before discharge comes on, the particles 
polarized are the particles of the water ^ that be- 
ing the dielectric used;^ but the discharge be- 
tween particle and particle is not, as before, a 
mere interchange of their powers or forces at 
the polar parts, but an actual separation of 
them into then* two elementary particles, the 
oxygen travelling in one direction, and carry- 
ing with it its amount of the force it had ao^ 
quired during the polarization, and the hydros 
gen doing the same thing in the other direc- 
tion, until they each meet the next approaching 
particle, which is in the same dectrical state 
with that they have left, and by association of 
their forces with it, produce what constitutes 
discharge. This part of the action may be 
gaitied as a carrying one (1319, 1572, 1622^)^ 
performed by the constituent particles of the 
ffielectric. The latter is always a compoumi 
body (664, 823); and by those who have coo- 
sidered the subject and are acquainted 

the philoBophicid view of transfer wfaidi waii 
first put forth by Grotthuss,^ its partides mi^ 

1 See l69ii^l708.-2)«. 1838. 
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diuototci under inductive action, which, whilst 
in that state, are diviidbie into these demei^* 
teiy moveable halves. 

1^. Electrolytic discharge depends, of ne« 
cemity, upon the non-conduction of the dieleo<«> 
trie as a whole, and there are two steps or acts 
in the process: first a polarization of the mole* 
oules of the substance and then a lowering of 
the forces by the separation, advance in oppo- 
site directions, and recombination of the de- 
ments of the molecules, these being, as it were, 
the halves of the originally polarized conduc- 
tors or particles. 

1349. These views of the decomposition of 
dectrolytes and the consequent effect of dis- 
charge, which, as to the particular case, are the 
same with those of Grotthuss (481) and Davy 
(482), though they differ from those of Biot 
(4St), De la Rive (490), and others, seem to 
me to be fully in accor^nce not merely with 
the theory I have given of induction generally 
(1165), but with all the known facts of common 
induction, conduction, and electrolytic dis- 
charge; and in that respect help to confirm in 
my mind the truth of the theory set forth. The 
new mode of discharge which electrolyzation 
presents must surely be an evidence of the ac- 
tum o/ caniigwtm partidss] and as this appears 
to depend directly upon a previous inductive 
state, which is the same with common induc- 
tion, it greatly sti engthens the argument which 
refers induction in all cases to an action of con- 
tiguous particles also (1295, &c.). 

1350. As an illustration of the condition of 
the polarized paiticies in a didectric under 
induction, I may describe an experiment. Put 
into a glass vessel some clear rectified oil of 
turpentine, and introduce two wires passmg 
through glass tubes where they coincide with 
tiie surface of the fluid, and terminating dther 
in balls or points. Cut some very dean dry 
white silk into small particles, and put these 
Slso into the liquid: then electrify one of the 
wires by an ordinary machine and discharge by 
the oth«. The silk will immediatdy gather 
from all parts of the liquid, and form a bwd of 
particles reaching from wire to wire, and if 
touehed by a glam rod will show considerable 
humcity; yet tiie moment the supply of deo- 
trieity ceases, the band will fall away and dis- 
appmr by the dispersion of its parts. The 
ducNbn hy the silk is in this case very small; 
and after the best examination I could give to 
^ effects, the impresdon on my mind is, (hat 
^>|padhadon of the whole is due to the polaiity 


whlth msdi anvtiie 

partides of iron between the poles el a; hoiESO* 
shoe magnet are hdd togetha* in one ina8S % 
a similar dUqpodtion of forces. The partides of 
dlk therefore repres^t to me the conation of 
the molecules of the didectric itself, which I 
assume to be polar, just as that of the silk is. In 
all cases of conductive discharge the contigu- 
ous polarized ^ticles of the bbdy are able to 
effect a neutraUzation of their forces with grea^ 
er or less facility, as the silk does also in a veiy 
slight degree. Further we ai*e not able to carry 
the parallel, except in imagination; but if we 
could divide ^ch particle of silk into two 
halves, and tef each half travel until it mot and 
united with the next half in an opposite l^te, 
it would then exert its carrying power (1847), 
and so far represent electrolytic discharg^. 

1351. Admitting that electrolytic dischlpge 
is a consequence of previous induction, then 
how evidently do its numerous cases poinr to 
induction in curved lines (521, 1216), and to 
the divergence or lateral action of the lines of 
inductive force (1231), and so strengthen that 
part of the general argument in the former pa- 
per! If two balls of platina, forming the elec- 
trodes of a voltaic battery, are put into a large 
vessel of dilute sulphuric acid, (be whole of the 
surfaces are covered with the respective gaaes 
in beautifully regulated proportions, and the 
mind has no difficulty in conceiving the direc- 
tion of the curved lines of discharge, and even 
the intensity of force of the different lines, by 
the quantity of gas evolved upon the different 
parts of the surface. From this condition of the 
lines of inductive force arise the general effects 
of diffusion; the appearance of the anions or 
cathions round the edges and on the farther 
side of the electrodes when in the form of 
plates; and the manner in which the current or 
dizchaige will follow all the forms of the elec- 
troljrte, however contorted. Hence, also, the ef- 
fects which Nobili has so well examined and 
described^ in his papers on the distribution of 
currents in conducting masses. Ail these effects 
indicate the curved direction of the currents or 
discharges which occur in and through the di- 
electrics, and these are in every case preceded 
by equivailont inductive actions of the contig- 
uous partides. 

1352. Haice also the advantage, wb^ the 
exciting forces are weak or require asmstance, 
of enlarging the mass of the electrolyte; of In- 
esreasing (be size of the electrifies; td making 
(be eoppeni surround the zincs: idl is in har* 
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yet one la(^ against it. ' 

1353. There are many pdnts of dedrdyiic 
diadiarffe which ultimatdy will require to be 
very closely considered, ^ugh I can but slight- 
ly touch upon them. It is not that, as far as I 
have investigated them, they present any con- 
tradiction to the view taken (for I have care- 
fuUy) thou^ unsuccessfully, sou^t for such 
cases), but simply want of time as yet to pur- 
sue the inquiry, which prevents me from enter- 
ing upon them here. 

13M. One point is, that different electrol 3 rte 8 
or dielectrics require differmit initial intensi- 
ties for iheir decomposition (912). This may 
depend upon the d^ree of polarization which 
the particles require before electrolytic dis- 
charge commences. It is in direct relation to 
the chemical affinity of the substances con- 
cerned; and will probably be found to have a 
relation or analogy to the specific inductive 
capacity of different bodies (1252, 1296). It 
thus promises to assist in causing the great 
truths of those extensive sciences, which are 
occupied in considering the forces of the parti- 
cles of matter, to fall into much closer order 
and arrangement than they have heretofore 
presented. 

1355. Another point is the facilitation of dec- 
trolytic conducting power or discharge by the 
addition of substances to the dielectric em- 
ployed. This effect is strikingly shown where 
water is the body whose qualities are improv- 
ed, but, as yet, no generd law governing all 
the phenomena has been detected. Thus some 
acids, as the sulphuric, phosphoric, oxalic, and 
nitric, increase the power of water enonnous- 
ly; whilst others, as ^e tartaric and citric acids, 
give but little power; and others, again, as title 
acetic and boraeio acids, do not produce a 
change sensiUe to the voltameter (739). Am- 
monia inoduces no effect, but its carbonate 
does. The caustic alkalies and their carbonates 
produce a fair ^ect. Sulphate of sodn, nitre 
(753), mi many soluble salts produce much 
effect. Percyanide of mercury and corrosive 
sublimate produce no effect; nor does iodine^ 
gum, or sugar, the test being a voltameter. In 
i3^y cases the added substance is acted on 
eith^ direetiy or directly, and then tihe phe- 
nomena are more oomplicat^; such substances 
are muriatic>eid (75$)^ the soluble prpti)ohlo- 
(7^^ and io^des (769), nitric acid (752), 
In qmar casss substi^ce addediemt, 
vbeh or a conductor of the 


i^ves and reodves power when assodatededdi 
waters M. de la Eive has iminted this residt 
out in sulphurous aeid,^ iodine and bromine;* 
the chloride of arsenic produces the same m- 
fect. A far more striking case, howevm', is pre- 
sented by that very influential body, siUphuric 
acid (681): and probably phosphoric add also 
is in the same peculiar relation. 

1356. It would seem in the cases of those 
bodies which suffer no change themselves, is 
sulphuric acid (and perhaps in all), timt (hey 
affect water in its conducting power only as an 
electrolyte; for whether little or much im- 
proved, the decomposition is proportionate tic 
the quantity of electricity passing (727, 730), 
and the tiransfer is therefore due to dectrdytic 
discharge. This is in accordance with tiie faot 
already stated as regards water (984), thatt^ 
conducting power is not improv^ for dectric- 
ity of force below the electrolytic intdidty of 
the substance acting as the dielectric; but bo& 
facts (and some others) are against the opinion 
which I formerly gave, that &e power of salts, 
&c. might depend upon their assumption of 
the liquid state by solution in the water em- 
ployed (410). It occurs to me that the efftet 
may perhaps be related to, and have its explan- 
ation in differences of specific inductive 08 ^p»ald- 
ities. 

1357. I have described in the last papet, 
cases, where shellac was rendered a conducted 
by absorption of ammonia (1294). The same 
effect happens with muriatic acid; yet botiii 
these sutetances, when gaseous, are non-con- 
ductors; and the ammonia, also when in strong 
solution (748). Mr. Harris has mentioned in- 
stances* in which the conducting power of md;- 
als is seriously altered by a very little alloy. 
These may have no relation to the former cases, 
but nevertheless should not be overlodced hi 
the general investigaticm which the whde ques- 
tion requires. 

1358; Nothing is perhaps more striking in 
that class ol dli^trics wMch we call deeten^ ; 
lytesi tibaa the extraordinary and almost eoAlfr;^ 
plete suspension of their peculiar mode of at*, 
fecting discharge when they are rendered soM ; 
(380, Ac.), even though the intensity of the in- 
duction acting through them may be ixMsraiaeit 

a very aood cxmduotor, QuarUrly p. 

513 . 

* Jourwd^ XXIV, 465; or Amuto ds 
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Ht t)r <419). It not only eo- 

taUi^es a wry general relation betwe^ the 
phymcai propearties of these bodies and elec- 
tricity acting by induction through them, but 
cb*ae^ both their physical and chemical rela- 
laons so near together, as to make us hope we 
shall shortly arrive at the full comprehension 
i>f the influence they mutually possess over 
each other. 

f ix. Disruptive Diecfiarge and Insulation 

1359. The next form of discharge has been 
distinguished by theadjectived^srwphicc (1319), 
as it in every case displaces more or less the 
particles amongst and across which it suddenly 
breaks. I include under it, discharge in the 
iorm of sparks, brushes, and glow (1405), but 
^exclude the cases of currents of air, fluids, &c., 

>, which, though frequently accompanying the 
former, are essentially distinct in their nature. 

1360. The conditions requisite for the pro- 
duction of an electric spark in its simplest form 
are well-known. An insulating dielectric must 
be interposed between two conducting surfaces 
in opposite states of electricity, and then if the 
actions be continually increased in strength, or 
otherwise favoured, either by exalting the elec- 
tric state of the two conductors, or bringing 
them nearer to each other, or diminishing the 
density of the dielectric, a spark at last appears, 
and the two forces are for the time annihilated, 
for discharge has occurred. 

1361. The conductors (which may be con- 
sidered as the termini of the inductive action) 
are in ordinary cases most generally metals, 
whilst the dielectrics usually employed are com- 
mon air and glass. In my view of induction, 
however, every dielectric becomes of impor- 
tance, for as the results are considered essen- 
riaUy dependent on these bodies, it was to be 
expected that differences of action never before 
suspected would be evident upon close exam- 
ination, and so at once give fresh conflrmation 
id the theory, and open new doors of dn^overy 
into the ext^sive and varied fields of our sci- 
ence. This hope was especially entertained with 
respect to the gases, ^cause of their high de- 

of insulation, their uniformity in physical 
condition, and |^t difference in chemicd 
properties. 

/ 1362. All the effects prior to the discharge 

^ inductive; and the de^;ree of tension whi^ 
^ ^18 necessary to attairibdore thespark passes 
j^0erefore, in the examination I am now mak- 
. of ^e new view of Induction, a very im^ 
pNxrtant point kt is the limit of ^ iaiuence 


which laiedideetricexertsinmnihigdischaarg^ 
it is a measure, consequently, of tte conservar 
tive power of the dielectric, which in its tum 
may be considered as becoming a measure, and 
therefore a representative of the intensity of 
the electric forces in activity. 

1363. Many philosophers have examined the 
circumstances of this limiting action in air, 
but, as far as I know, none has come near Mr. 
Harris as to the accuracy with, and the extent 
to, which he has carried on his investigations.^ 
Some of his results I must very briefly notice, 
premising that they are all obtained with the 
use of air as the dielectric between the conduct- 
ing surfaces. 

1364. First as to the distance betweeh the 
two balls used, or in other words, the thux 

of the dielectric across which the induction was 
sustained. The quantity of electricity, meas- 
ured by a unit jar, or otherwise on the same 
principle with the unit jar, in the charged or 
inductive ball, necessary to produce spark dis- 
charge, was found to vary exactly with the dis- 
tance between the balls, or between the dis- 
charging points, and that under very varied 
and exact forms of experiment.® 

1365. Then with respect to variation in the 
pressure or density of the air. The quantities of 
electricity required to produce discharge across 
a constant interval varied exactly with varia- 
tions of the density; the quantity of electricity 
and density of the air being in the same simple 
ratio. Or, if the quantity was retained the same, 
whilst the interval and density of the air were 
varied, then these were found in the inverse 
simple ratio of each other, the same quantity 
passing across twice the distance with air rare- 
fied to one-half.* 

1366. It must be remembered that these ef- 
fects take place without any variation of the 
inductive force by condensation or rarefaction 
of the air. That force remains the same in air,^ 
and in all gases (1284, 1292), whatever their 
rarefaction may be. 

1367. Variation of the temperature of the air 
produced no variation of the quantity of deo- 
tricity required to cause discharge across a giv- 
en intervi.* 

Such are the general results, which I have 
occasion for at present, obtain^ by Mr. Har- 
ris, and they appear to me to be unexception- 
able. 


PhUoBQ^ical Tranaojdimst 1834, p. 2^. 
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1368. In the theory of induction founded up- 
on a molecular action of the dielectric, ttb have 
to look to the state of that body principally for 
the cause and determination of the above ef- 
fects. Whilst the induction continues, it is as- 
gumed that the particles of the dielectric are in 
a certain polarized state, the tension of this 
state rising higher in each particle as the induc- 
tion is raised to a higher degree, either by ap- 
proximation of the inducing surfaces, varia- 
tion of form, increase of the original force, or 
other means; until at last, the tension of the 
particles having reached the utmost degree 
which they can sustain without subversion of 
the whole arrangement, discharge immediately 
after takes place. 

1369. The theory does not assume, however, 
that all the particles of the dielectric subject to 
the inductive action are affected to the same 
amount, or acquire the same tension. What 
has been called the lateral action of the lines of 
inductive force (1231, 1297), and the diverging 
and occasionally curved form of these lines, is 
against such a notion. The idea is, that any 
section taken through the dielectric across the 
lines of inductive force, and including all of 
tkenif would be equal, in the sum of the forces, 
to the sum of the forces in any other section; 
and that, therefore, the whole amount of 
tension for each such section would be the 
same. 

1370. Discharge probably occurs, not when 
all the particles have attained to a certain de- 
gree of tension, but when that particle which is 
most affected has been exalted to the subvert- 
ing or turning point (1410), For though all the 
particles in the line of induction resist charge, 
and are associated in their actions so as to give 
a sum of resisting force, yet when any one is 
brought up to the overturning point, aU must 
give way in the case of a spark between ball 
and hall. The breaking down of that one must 
of necessity cause the whole barrier to be over- 
turned, for it was at its utmost degree of resist- 
ance when it possessed the aiding power of 
that one particle, in addition to the power of 
the rest, and the pow^ of that one is now lost. 
Hence tension or intensity^ may, acconffng to 
the theory, be considered as represented by the 
particular condition of the partides, or the 
amount in thto of forced variation from their 
normal state (1298, 1368). 

1371. Tbe whole eSeetpriyduced by aeharged 
conductor on a distant conductor, insulated or 

^ See H«nl8 on pr<moMd particular <4 

these terms, 


not, is by my theory assumed to be due to an 
action propagated from particle to particle >of 
the intervening and insulating dielectric, dl 
the particles teing considered as thrown for 
the time into a forced condition, from which 
they endeavour to return to their normal or 
natural state. The theory, therefore, seems to 
supply an easy explanation of the influence of 
distance in affecting induction (1303, 1364). As 
the distance is diminished induction increases; 
for there are then fewer particles in the line of 
inductive force to oppose their united resist- 
ance to the assumption of the forced or polar- 
ized state, and vice versa. Again, as the distance 
diminishes, discharge across happens with a 
lower charge of electricity; for if, as in Harris^ 
experiments (1364), the interval be diminished 
to one-half, then half the electricity required 
to discharge across the first interval is sufficient 
to strike across the second; and it is evident, 
also, that at that time there are only Half the 
number of interposed molecules uniting their 
forces to resist the discharge. 

1372. The effect of enlarging the conducting 
surfaces which are opposed to each other in the 
act of induction, is, if the electricity be limited 
in its supply, to lower the intensity of action; 
and this follows as a very natural consequence 
from the increased area of the dielectric across 
which the induction is effected. For by diffus- 
ing the inductive action, which at first was ex- 
erted through one square inch of sectional area 
of the dielectric, over two or three square inch- 
es of such area, twice or three times the num^ 
ber of molecules of the dielectric are brought 
into the polarized condition, and employed in 
sustaining the inductive action, and conse- 
quently the tension belonging to the smalls 
number on which the limited force was origin^* 
ally accumulated, must fall in a proportionate 
d^ree. 

1373. For the same reason diminishing these 
opposing surfaces must increase the intensity, 
and the effect will increase until the surfaces 
become points. But in this case, the tenrion, 
of the panicles of the dielectric nexi; the points 
is higher than that of particles midway, 
cause of the lateral action and consequesit 
bulging, as it were, of the lines of induetiv^ 
force at the middle distance (1369). 

1374. The more exalted effects €»f induction 
on a pmt pf or any small surface, as the 

ed end of a rod, when it is opposed to a larige 
surface^ as that of a ball or rather than 
to ano&er point or end, the distaim 
both oases the same, faU iiito haani^^ 
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3^ in tte kttar 
te»i itofftoe p is sffecied miy by 

Uiose pHs^dea whidi are brought into the in* 
duotive oondition by the equally small surhce 
oi llie opposed conductor, whereas when that 
Mik bdl or plate the lines of inductive force 
4rom the latter are concentrated, as it were, 
uptm the end p. Now though the molecules of 
w dielectric against the large surface may 
have a much lower state of tension than those 
against the corresponding smaller surface, yet 
^ey are also far more numerous, and, as tl^ 
lines of inductive force converge towards a 
pmnt, are able to communicate to the parrides 
contamed in any cross section (1369) nearer 
the small surface an amount of tenmon equal 
to their own, and consequently much hi^er 
for eadi individual particle; so lhat, at the sur- 
face of the smaller conductor, the tension of a 
particle rises much, and if that conductor were 
to terminate in a point, the tension would rise 
to an infinite degree, except that it is limited, as 
before (1368), by discharge. The nature of the 
dischai^ from small siu'faces and points under 
induction will be resumed her^ter (1425, 
Ac.). 

. 1375. Bar^adum of the air does not alter the 
ifiimrity of mductive action (1284, 1287) ; nor 
is there any reason, as far as I can perceive, 
why it should. If the quantity of electricity 
Offid the distance remain the same, and the air 
he jmefied one-half, then, though one-half of 
the particles of the ^electric are removed, the 
dther half assume a double degree of tei^onin 
their polarity, and therefore the inductive forces 
luef l^daneed, and tiie result remains unaltoed 
as Itmg es the induoticm and insulation are sus- 
Blit the case of diBdmge is very differ^ 
ehll for as there are only half the numtw of di- 
slaibtie particles in the rarefied atmosphere, so 
^hesesre brou^t up to the discharging inten- 
hyhalf the fom quantity of electricity; 
therefore, ensues, and such a conse- 
Ohopce of the theory is in perfect accordance 
Hr, Ibnis' rei^ts (1365). 
liKffi. Ibe inereaae of diectricity required to 
eaiiae rfischai^ owertihe same distance, when 
the ppeseiire of tlmair^ is increased, 

fiotrs in a tiarildr ntamier, and on the same 
prindple (1376); from the molecular theory. 

. . 1877. Here I ifafaik my view of induction has 
jkdMd6dadyanta(seeverother8,e6peci£^ 

.ttat whid^ refers the intention of elec^iricity 
surface of conduiclom in air to the pres- 
tte ohnospiksrs (1305). The latter is 
fljmiiiSim which, beiug by Powon 


and b |eni»n% 

received; anti it associates two suih dfasimilar 
things, as tiie ponderous air and the subtile 
and even hypothetical fluid or fluids of Elec- 
tricity, by gross mechanical relations; by the 
bonds of mere static pressure. My theory, on 
the contrary, sets out at once by.oonnecting 
the electric fcu'ces vdth the particles of mat- 
ter; it derives all its proofs, and even its origin 
in the first instance, from experiment; and 
then, without any farther assumption, seems 
to offer at once a full ex^^buiation of these and 
many other singular, peculiar, and, I think, 
heretofore uneonnected effects. I 

1378. An important assisting experimental 
argument may here be adduced, d^vedurom 
the difference of specific inductive capadW of 
different dielectrics (1269, 1274, 1278). Con- 
sider an insulated sphere electrified posititely 
and placed in the centre of another and lar^ 
sphere uninsulated, a umform dielectric, as air, 
intervening. The case is really that of my ap- 
paratus (1187), and also, in effect, that of any 
ball electrified in a room and removed to some 
distance from irregularly-formed conductors. 
Whilst things remain in this state the electric- 
ity is distributed (so to speak) uniformly oyer 
the surface of the electrified sphere. But intro- 
duce such a dielectric as sulphur or lac, mto 
the space between the two conductors on one 
side only, or opposite one part of the inner 
i|>here, and immediately the electricity on the 
latter is diffused unequdly (1229, 1270, 1309), 
althou^ the form of the conducting surfaces, 
their dbtances, and the pressure of the atmos- 
phere remain perfectly unchanged. 

1379. Fusinieri took a different view from 
that of Poisson, Biot, and others, of the reason 
why rarefaction of air caused easy diffuskm <d 
eleotridty. He considered the effect as due to 
the removal of the obstacle which the air pre- 
sented to the expansion of the substances from 
which the electrieity passed.* But platina balls 
show tiie phenom^ In twuo as well as vola- 
tUemetals and otiber substances ; besides wUch, 
whaa the rarefaction is very consideraUe, the 
tieetricity passes with scarry any resktanee, 
and the pr^uotion of no sensible heat; so Ikat 
1 think Fusmierik idew of the matte is fikebr 
to gain but few asBents. 

1380. 1 hai^no need tommaik upon thadi^ 
charging or odOecting power of flmne or hot 
air, 1 witii that themereheat 
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iiifimiiila«l. Mib of mrofaetion iik hoe^ 
already coxuddered gesKecally <1375); etxd that 
eamsed by the h^t a burning light, mth the 
pointed form of the wick, and the carryingpow- 
er of the carbonaceous particles which for the 
time are associated with it, are fuUy sufficient 
to account for all the effects. 

1381. We have now arrived at the important 
question, how will the inductive tension requi* 
rite for insulation and disruptive discharge be 
sustained in gases, which, having the same 
physical state and also the aame presaure and 
the same temper€Uure as air, differ from it in 
specific gravity, in chemical qualities, and it 
may be in peculiar relations, which not be- 
ing as yet recognized, are purely electrical 
(1361)? 

1382. Into this question I can enter now only 
as far as is essential for the present argument, 
namely, that insulation and inductive tension 
do not depend merely upon the charged con- 
ductors employed, but also, and essentially, 
upon the interpos^ dielectric, in consequence 
of the molecular action of its particles (1292). 

1383. A glass vessel a (PI. X, Fig, IS) was 
ground at the top and bottom so as to be closed 
by two ground brass plates, b and c; b carried a 
stuffing-box, with a sliding rod d terminated 
by a brass ball s below, and a ring above. The 
lower plate was connected with a foot, stop- 
cock, and socket, e, / and g; and also with a 
brass ball I, which by means of a stem attached 
to it and entering the socket p, could be fixed 
at various heights. The metallic parts of this 
apparatus were not varnished, but the glass 
was well-covered with a coat of shellac previ- 
ously dissolved in alcohol. On exhausting the 
vessel at the air-pump it could be filled with 
any other gas than air, and, in such cases, the 
gas so pas^ in was dried whilst entering by 
fused chloride of calcium. 

1384. The other part of the con- 

sisted of two insulating pillars, h axid i, to which 
were fixed twb brass b^s, and throu^ these 
passed two riiiding rods, k and m, terminated 
at each end by brass balls; n is end of an 
inf^lated conductor; which could be rendered 
either poriitive or negative from an electrical 
mariiine; a and p are wires connecting it with 
the two parts prevSously described, and p is a 
wire whicht connoting the two opporitc sides 
of the coUwteral arrangements, al^cmmnuiri- 
eates wStii a good train r (288). 

1385i; It is evident, the diicdbaive 


tween sand I, orS and L. Theregulation adopted 
in the first expeximents was to keep s and I with 
their distance unchanged, but to introduce first 
one gas and then another into the vessd ^ add 
then balance the discharge at the one plac^ 
against that at the other; for by making 
interval at u sufficiently small, all the disc wge 
Would pass there, or making it sufficiently laiii^e 
it would all occur at the interval r in the re- 
ceiver. On principle it seemed evident, that in 
this way the varying interval u might be taken 
as a measure, or ratW indication of the resist- 
ance to discharge tiirough the gas at the con- 
stant interval v. The following are the constant 
dimensions. 

Ball 8 0.93 of an inch 

Ball S 0.96 of an inch 
Ball I 2.02 of an inch 
Ball L 1.95 of an inch 
Interval v 0.62 of an inch 


1386. On proceeding to experiment it was 
found that when air or any gas was in the re- 
ceiver a, the interval u was not a fixed one; it 
might be altered through a certain range of dis- 
tance, and yet sparks pass either tiiere or at p 
in the receiver. The extremes were therefore 
noted, i.e. the greatest distance short of that 
at which the discharge alimgs took place at p 
in the gas, and the least distance short of that 
at which it always took place at u in the air. 
Thus, with air in the receiver, the extremes at 
u were 0.56 and 0.79 of an inch, the range of 
0.23 between these distances including isite^' 

1 I 3 : II 


at one place or the otiier. 

1387. The small balls s and S could be raor 
dered either podtive or native from the map 
chine, and as gases expected and m/t9 
found to differ from eadi other in relation to 
this c^nge (1399), the cesults obtained tmd^ 
these differmices of eiuurge -were also noted. .» 

1388. Ibe following is a table of reraffts; 
gas named is that in ^e vessd a. The sn^esl, 
greatest, and mean interval at u in air it fte* 
pressed in parts of en in(h, the interval v b^B|( 
constantly 0.98 of an. inch. 


|Alr,«ebd8,poe 
^r,<andS,lieg; 
Oxygen, < and 8;-^. 
Oxygen, saaKi Si neg, 
Nitn^lEMi, « and 8, pos. 
Kitteaejn.* and 8< neg. 


(CoHttmui m 


Small- , Qieat-/ , 
ert eat 

0.60 0.79 

0.59 0.108 

0.41 0.90 Qjee 

0.50 0.59 OJIO 

0.S8' ' ' 


FAKADAY 


Qmmrn 


jlSydrogei^ s and S, pos. 

Hydrogeni a and S, neg. 

Carboniic acid» s and S, pos. 
Cai^bnio acid, a and S, neg. 

Olefiant gas, a and S, pos. 

Olefiant gas, a and S, neg. 

Coal gas, a and S, pos. 

Coal gas, a and S, neg. 

Muriatic acid gas, a and S, pos. 0.89 
Muriatic acid gas, a and S, neg. 0.67 


Small- Great- 
est est Mean 

0.30 0.44 0.370 
0.25 0.30 0.275 
0.56 0.72 0.640 
0.60 0.590 
0.86 0.750 
0.77 0.730 
0.61 0.490 
0.58 0.525 
1.32 1.105 
0.75 0.720 


0.58 

0.64 

0.69 

0.37 

0.47 


1389. The above results were all obtained at 
onetime. On other occasions other experiments 
were made, which gave generally the same re- 
sults as to order, though not as to numbers. 
Thus: 

Hydrogen, a and S, pos. 0.23 0.57 0.400 

Carbonic acid, a and S, pos. 0.51 1.05 0.780 

Olefiant gas, a and S, pos. 0.66 1.27 0.965 

I did not notice the difference of the barometer 
on the days of experiment.^ 

1390. One would have expected only two 
distances, one for each interval, for which the 
discharge might happen either at one or the 
other; and that the least alteration of either 
would immediately cause one to predominate 
constantly over the other. But that under com- 
mon circumstances is not the case. With air in 
the receiver, the variation amounted to 0.2 of 
an inch nearly on the smaller interval of 0.6, and 
with muriatic acid gas, the variation was above 
0,4 on the smaller interval of 0.9. Why is it that 
when a fixed interval (the one in the receiver) 
will pass a spark that cannot go across 0.6 of air 
at one time, it will immediately after, and ap- 
parently under exactly similar circumstances, 
not pass a spark that can go across 0.8 of air? 

1391. It is probable that part of this varia- 
tion will be traced to particles of dust in the air 
drawn into and about the circuit (1568). 1 be- 
Keve also that part depends upon a variable 
charged condition of the surface of the glass 
yessel b. That the whole of the effectis not 
traceable to the influence of circumstances in 

vessel a, may be deduced from the fact, 
tiiat when sparks occur between balls in free 
air they frequently are not straight, and often 
pass o^erwise tim by the shortest distance. 
These variations in air itself, and at different 
parte of the very i^e balls, show the presence 
i^d influence of circumstances which are qal* 
iS^dated to produce effects of the kind now un« 
consideration 

i Ahnilfir eiperimehts in different gases are de- 


1392. When a apark had passed at either 
terval, then, g^mrally, more tended to appear 
at the mm interval, as if a preparation had 
been made for the passing of the latter iqmrks. 
So also on continuing to work the machine 
quickly the sparks generally followed at the 
same place. This effect is probably due in part 
to the warmth of the air heated by the precede 
ing spark, in part to dust, and I suspect in part 
to something unperceived as yet in the circum- 
stances of discharge. 

1393. A very remarkable difference, which is 
constant in its direction, occurs when the elec- 
tricity comqiqnicated to the balls s and S is 
changed from positive to negative, or in the 
contrary direction. It is that the range qf va- 
riation is alwa 3 ^ greater when the small palls 


are positive than when they are negative, i 
is exhibited in the following table, drawn f 

the former experiments. 

Pofl. 

Neg. 

In Air the range was 0.19 

0.09 

Oxygen 

0.19 

0.02 

Nitrogen 

0.13 

0.11 

Hydrogen 

0.14 

0.05 

Carbonic acid 

0.16 

0.02 

Olefiant gas 

0.22 

0.08 

Coal gas 

0.24 

0.12 

Muriatic acid 

0.43 

0.08 


I have no doubt these numbers require consid- 
erable correction, but the general result is strik- 
ing, and the differences in several cases very 
great. 

1394. Though, in consequence of the varia- 
tion of the striking distance (1386), the inter- 
val in air fails to be a measure, as yet, of the 
insulating or resisting power of the gas in the 
vessel, yet we may for present purposes take 
the mean interval as representing in some de- 
gree that power. On examining these mean in- 
tervals as they are given in Ihe third column 
(1388), it will be very evident, that gases, when 
employed as dielectrics, have peculiar electri- 
cal relations to insulation, and therefore to in- 
duction, very distinct from such as might be 
supposed to depend upon their mere physical 
qualities of specific gravity or pressure. 

1395. First, it is clear that at the same pres- 

sure they are not alike, the difference being as 
great as 37 and 110. When the small balls are 
charged positively, and with the same surfaced 
and the same pressure, muriatic acid gas has 
three times the insulating or restraming power 
(1362) of hydrogen gas, and nearly twice that 
^(n^gea, natzo|^iOrair. ^ 
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1396. H kp evident timt tbeiiiffmnce is 
not due to specific gravity^, for though hydro- 

is the lowest, and therefore lower than oxy- 
gen, oxygen is much beneath nitrogen, or defi- 
ant gas; and carbonic acid gas, though consid- 
erably heavier than olefiant gas or muriatic 
acid gas, is lower than either. Oxygen as a 
heavy, and olefiant as a light gas, are in strong 
contrast with each other; and if we may reason 
of olefiant gas from Harris’ results with air 
(1365), then it might be rarefied to two-thirds 
its usual density, or to a specific gravity of 9.3 
(hydrogen being 1), and having neither the 
same density nor pressure as oxygen, would 
have equal insulating powers with it, or equal 
tendency to resist discharge. 

1397. Experiments have already been de- 
scribed (1291, 1292) which show that the gases 
are sensibly alike in their inductive capacity. 
This result is not in contradiction with the ex- 
istence of great differences in their restraining 
power. The same point has been observed al- 
ready in regard to dense and rare air (1375). 

1398. Hence arises a new argument proving 
that it cannot be mere pressure of the atmos- 
phere which prevents or governs discharge 
(1377, 1378), but a specific electric quality or 
relation of the gaseous medium. Hence also ad- 
ditional argument for the theory of molecular 
inductive action. 

1399. Other specific differences amongst the 
gases may be drawn from the preceding series 
of experiments, rough and hasty as they are. 
Thus tlie positive and negative series of mean 
intervals do not give the same differences. It 
has been already noticed that the negative 
numbers are lower than the positive (1393), 
but, besides that, the order of the positive and 
negative results is not the same. Thus, on com- 
paring the mean numbers (which represent for 
the present insulating tension), it appears that 
in air, liydiogen, carbonic acid, olefiant gas 
and muriatic acid, the tension rose higher when 
the smaller ball was made positive tban when 
rendered negative, whilst in oxygen, nitrogen, 
and coal gas, the reverse was the case. Now 
though the numbers cannot be trusted as ex- 
act, and though air, oxygen, and nitrogen 
should probably be on the same side, yet some 
of the results, as, for instance, those with mu^ 
riatic acid, fully show a peculiar relation and 
difference amongst gases in this respect. This 
^ farther proved by making the interval in 
^ 0.8 of an inch whilst muriatic acid gas was 

the vessel^!; for on charging the nsm balls 


s and S pofidtivdy, oB the discharge took 
through the air; but on charging them nega^ 
tively, all the discharge took place throu^ ^6 
muriaUc add gas. 

1400. So also, when the conductor n was con- 
nected ordy with the muriatic acid gas appa- 
ratus, it was found that the discharge was more 
facile when the small ball s was negative than 
when positive; for in the latter case, much of 
the electricity passed off as brush discharge 
through the air from the connecting wire p; 
but in the former case, it all seemed to go 
through the muriatic acid. 

1401. The consideration, however, of posi- 
tive and negative discharge across air and oth- 
er gases will be resumed in the further part of 
this, or in the next paper (1465, 1525). 

1402. Here for the present I must leave this 
part of the subject, which had for its object 
only to observe how far gases agreed or dif- 
fer^ as to their power of retaining a charge on 
bodies acting by induction through them. AU 
the results conspire to show that induction is 
an action of contiguous molecules (1295, Ac.); 
but besides confirming this, the first principle 
placed for proof in the present inquiry, they 
greatly assist in developing the specific prop- 
erties of each gaseous dielectric, at the same 
time showing that further and extensive ex- 
perimental investigation is necessary, and hold- 
ing out the promise of new discovery as the re- 
ward of the labour required. 

1403. When we pass from the consideration 
of dielectrics like the gases to that of bodies 
having the liquid and solid condition, then our 
reasonings in the present state of the subject 
assume much more of the character of mere 
supposition. Still I do not perceive anything 
adverse to the theory, in the phenomena which 
such bodies present. If we take three insulating 
dielectrics, as air, oil of turpentine, and shellae, 
and use the same balls or conductors at tiie 
same intervals in these three substances, in- 
creasing the intensity of the induction until 
discharge take place, we shall find that it must 
be raised much higher in the fluid than for the 
gas, and higher still in the solid than for&e 
fluid. Nor is this inconsistent with the theory? 
for with the liquid, thou^ its molecules are 
fiee to move almost as easily as those of tine 
gas, there are many more particles introduoed 
into the given interval; a^ such is also tiih 
case wh^ the solid body is employed. B^des 
that with the Solid, the cohesive force d ths 
body used will produce some effect; th(»i|^ 
the production of the polarised states in 





tfsBd m be 

on the eoDtrary, may in some tased be even 
&voored (1164, 1344) by its eolidity or other 
circuxnstances, yet solidity may weU exert an 
on point of final subversion Qust 
66 discharge in an dectrolyte), and 

6o enaUe inductive intensity to rise to a much 
lu|^ degree. 

1404* In the oases of solids and liquids too, 
bocfies may, and most probably do, possess spe- 
differences as to their ability of assuming 
the polarised state, and also as to the extent to 
which that polarity must rise before discharge 
oeeurs. An analogous difference exists in the 
e^^fic inductive capacities already pointed 
out in a few substances (1278) in the last pa- 
per. Such a difference might even account tor 
rim various degrees of insulating and conduct- 
ing^power possesseii by different bodies, and, 
if it riiould be foimd to exist, would add further 
strength to the argument in favour of the mo- 
teeul^ theory of inductive action. 

14DS. Having considered these various cases 
of sustained insulation in non-conducting di- 
rieetricB up to the highest point which they 
can attdn, we find that they terminate at last 
hi disruptim discharge] the peculiar condition 
of the molecules of the didectric which was 
necessary to the continuous induction, being 
equally essential to the occurrence of that ef- 
fect which closes all the phenomena. This dis- 
riiarge is not only in its appearance and condi- 
tion diff^nt to the former inodes by which 
the bwering of the powers was effected (1320, 
1343), but, whilst really the^same in principle, 
varies much from itself in certain cWacters, 
and thus presents us with the forms of sparky 
ihahf and glow (1359). I will first consider Ihe 
Ihnitmg it for the present to the case of 
mtesharge between two opporitely dectrified 
di^ducting surfaces. 

The Slectrie Spark or Flash 
v/ 14©6. The spark is consequent upon a dm- 
ribarge or. lowering of the polarised inductive 
stMe of many didedric particles, by a partic- 
action (ff a few of ^ particles occupying 
ayeryimiafiandlimiteds^ 
pebrised parrides returning to their first or 

order in which 
It, and uniting thdr powers mean* 
to piodiiee^ or ratto to continue (1417--* 
the i^sdu^ effect m place where 
'An aubvwsion of force first oocur^. My im- 
thatthe few pastioles dtuated where 


arernwr Jismiy 

but assume a peculiar’ states a bi^y exited 
condition for the time^ Le., have thrown wpm- 
them all the surrounding forces in succession) 
and rising up to a proportionate intensity of 
condition, perhaps equd to that of chemically 
combining atoms, discharge the powers, pos- 
sibly in the same manner as they do theirs, by 
some operation at present unknown to us; and 
so the end of the whole. The ultimate effect is 
exactly as if a metallic wire had been put into 
the place of the discharging particles; and it 
does not seem impossible that the principles of 
action in bqt^.case8, may, hereafter, prove to. 
be the same. I 

1407. The po^ of the sparky or of the dis- 
charge, depends on the degree of tension ac- 
quire by riie particles in the line of discbkrge, 
circumstances, which in every common 

are very evident and by the theory easy toW- 
derstand, rendering it higher in them than in 
their neighbours, and, by exalting them first 
to the requisite condition, causing them to de- 
termine the course of the discharge. Hence the 
selection of the path, and the solution of the 
wonder which Harris has so well described^ as 
existing under the old theory. All is prepared 
amongst the molecules beforehand, by the pri- 
or induction, for the path either of the electric 
spark or of lightning itself. 

1408. The same ^fficulty is expressed as a 
principle by Nobili for voltaic electricity, al- 
most in Mr. Harris’s words, namely,* “elec- 
tricity directs itself towards the point where it 
can most easily discharge itself,” and the re- 
sults of this as a principle he has well wrought 
out for the case of voltaic currents. But the 
solution of the difficulty, or the proximate cause 
of the effects, is the same; induction brings the 
particles up to or towards a certain degree of 
tension (1370 ) ; and by those which first attain 
it, is the discharge first and most efficiently 
performed. 

1409. The momenLof discharge is probably 
determined by that molecule of the dielectric 
whidb, from the circumstances, has its tension 
most quickly raised up to the maximum inten- 
rity. In lUl cases whwe the discharge passes 
from conductor to conductor this molecule 
must be on the surface of one ef them; but 
when it passes between a conductor and a son- 
conduGtor» it is, perhaps, not always so (14^}« 
When this partii^iias aeqmred its maximum 
tension, then the fribole be^er of resiatBbcais 

j 
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la ^ Um ca* Boeeiitf ia^ 
acMoa caii^tiag at it| and disruptive <Ucih 
charge oocttie (1S7Q): and such ,aa mfcaemse, 
drawn ae it is from the theory, seems to me 
in accordance with Mr. Hairis’ facts and 
conclusions respecting the resistance of the 
atmosphere, namely, that it is not really 
greater at any one discharging distance than 
another.^ 

1410. It seems {srohable that the tension of a 
particle of the same dielectric, as air, which is 
requisite to produce discharge, is a constant 
qmntity, whatever the shape of the part of the 
conductor with which it is in contact, whether 
ball or point; whatever the thickness or depth 
of dielectric throughout which induction is ex- 
erted; perhaps, even, whatever the state, as to 
rarefaction or condensation of thq dielectric; 
and whatever the nature of the conductor, good 
or bad, with which the particle is for the mo- 
ment associated. In saying so much, I do not 
mean to exclude small differences which may 
be caused by the reaction of neighbouring par- 
ticles on the deciding particle, and indeed, it is 
evident that the intensity required in a parti- 
cle must be related to the condition of those 


soui^ for the mutu4 m evw tiie 

lateral coalition of two similar spa^, if 
could be obtamed simultaneously side by 
and sufficiently near to each other. Eojr tide 
purpose, two similar Leyden jars were suppUwi 
with rods of copper projecting from their bail 
in a horisontal direction, the rods being about 
0J2 of an inch thick, and rounded at the 
The jars were plao^ upon a sheet of tmlbijiy 
and BO adjusted that their rods, a and 5, were 
near together, in the position represented in 
plan (PI. X, Fig, £) : c and d were two brass 
balls connected by a brass rod and insulated: e 
was also a brass ball connected, by a wire, with 
the ground and with the tinfoil upon whi^ the 
Leyden jars were placed. By laying an insubri- 
ed metal rod across from a to 6, charging the 
jars, and removing the rod, both the jars coiid 
be brought up to the same intensity of charge 
(1370). Then, making the ball e approach the 
ball d, at the moment the spark passed there, 
two sparks passed between the rods n, a, and 
the ball c; and as far as the eye could judge, or 
the conditions determine, they were simultar 
neous. 


which are contiguous. But if the expectation 
should be found to approximate to truth, what 
a generality of character it presents! and, in 
the definiteness of the power possessed by a 
particular molecule, may we not hope to find 
an immediate relation to the force which, being 
electrical, is equally definite and constitutes 
chemical affinity? 

1411. Theoretically it would seem that, at 
the moment of discharge by the spark in one 
line of inductive force, not merely would all 
the other lines throw their forces into this one 
(1406), but the latersd effect, equivalent to a 
repulsion of tiiese lines (1224, 1297), would be 
relieved and, perhaps, followed by a contrary 
action, amounting to a collapse or attraction of 
these parts. Having long sought for some trapsr 
verse force in statical electricity, which should 
be the equival^t to magnetism or the trans- 
verse force of current electricity, and oonotiv- 
ing that it mif^t be connected with tiie trans- 
verse action the lines pf inductive force al- 
ready ^escribed (1297), I was desirous, by va- 
rious experbaents, of brin^g out the ^ect of 
such a force, and making it M upon the phe- 
n<miena cl^deetro-magiietism sxd 
decWcity.^ . 

of this less- 


1413. Under these circumstances two modes 
of dischai'ge took place; either each end had itpi 
own particular spark to the ball, or else one 
end only was associated by a spark wilh the 
ball, but was at the same time related to the 
other end by a spark between the two. 

1414. When the ball c was about an inch kk 

diameter, the ends n and a, about half an intii 
from it, and about 0.4 of an inch from each 
other, the two sparks to the ball could be ob^ 
tained. When for the purpose of bringing ikid 
sparks nearer together, the ends, n and o, were 
Imugbt closer to each other, then^ unless v&cf 
carefully adjusted, (mly one end had a spark 
with the ball, the other having a spark to it; 
and the least variation of position would eaiw 
mther n or o to be the end which, giving the dir 
rect spark to the hall, was also the one ^oue^i 
or by means of which, the other discharged its 
electrimty^ , . 

1415. On making the ball e smaller, I fono# ' 
that tben itwiw needful to make the interval 
between the emfa n and o larger in propeiti^, 
to tile dMance between them and the 

On making e larg^, 1 fc»uid I could dimbM; 
ihe inteirm, and so bring tiie two 
neous sefaiaie aparks closer 
at last, tiie distanoe betwecm ^ not 
more at the widest part than 0.6 cf their whob 
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1416^ Niifiim^ok^sparbs wereti^ 
mieMty observed. They were very rarely 
etraight^ but either curved or b»it irregularly. 
In Ihe av^age of cases they were, I think, de- 
ddedly eonvex towards each other; perhaps 
two-t^ds presented more or less of this effect, 
iSte rest bulging more or less outwards. I was 
m^r able, however, to obtain sparks which, 
separately leaving the ends of the wires n and 
e, conjoined into one spark before they reached 
or communicated with the ball c. At present, 
therefore, though I think I saw a tend^cy 
in the sparks to unite, I cannot assert it as a 
fact. 

1417. But there is one very interesting effect 
here, analogous to, and it may be in part the 
same with, that I was searching for: I mean the 
increased facility of discharge where the spark 
passes. For instance, in the cases where one 
end, as n, discharged the electricity of both 
ends to the ball c (PL XII, Fig. 2)^ the electric- 
ity of the other end o, had to pass through an 
interval of air 1.5 times as great as that which 
it might have taken, by its direct passage be- 
tween the end and the ball itself. In such cases, 
the eye could not distinguish, even by the use 
of Wheatstone’s means, ^ that the spark from 
the end n, which contained both portions of 
dectricity, was a double spark. It could not 
have consisted of two sparks taking separate 
courses, for such an ^ect would have been 
visible to the eye; but it is just possible, that 
the spark of the first end n and its jar, passing 
at the smallest int^al of time before that of 
the other o, had heated and expanded the air 
in its course, and made it so much more favour- 
able to dischaige, that the electricity of the 
end 0 preferred leaping across to it and taking 
a very circuitous route, rather than the more 
<&eot one to the ball. It must, however, be re- 
marked, in answer to this supposition, that the 
tmeepark between d and e would, by its influ- 
enee, tend to produce simultaneous discharges 
at n and o, and certainly did so, when no 
preponderance was given to one wire over 
the other, as to the previous inductive effect 
(1414). 

1418. The fact, however, is that disruptive 
discharge is favourable to itself* It is at the 
Ottl^ a case of tottering equilibrium: and 

be an dement in discharge, in how- 
ever minute a proportion (1436), then the 
d)^mmencemmit of the act at any point far 
vmirs its continuance and increase tWe, and 
of poW will be discharged by a 

* rkilo90tM!a( 1834, pp. 584, 685. 


course which tliey would not etherise have 
taken. 

1419. The mere heating and expandon of the 
air itself by the first portion of electricity which 
passes, must have a great influence in produc- 
ing this result. 

1420. As to the result itself, we see its effect 
in every dectric spark; for it is not the whole 
quantity which passes that determines the dis- 
charge, but merely that small portion of force 
which brings the deciding molecule (1370) up 
to its maximum tension; then, when its forces 
are subverted and discharge begins, all the rest 
passes by the same course, from the influence 
of the favouring circumstances just referr^ to; 
and whether it be the electricity on a square 
inch, or a thousand square inches of charged 
glass, the discharge is complete. Hereafter we 
shall find the influence of this effect in the for- 
mation of brushes (1435) ; and it is not impos- 
sible that we may trace it producing the jagj 
spark and the forked lightning. 

1421. The characters of the electric spark in 
different gases vary, and the variation may be 
due simply to the effect of the heat evolved at 
the moment. But it may also be due to that 
specific relation of the particles and the elec- 
tric forces which I have assumed as the basis 
of a theory of induction ; the facts do not op- 
pose such a view; and in that view the varia- 
tion strengthens the argument for molecular 
action, as it would seem to show the influence 
of the latter in every part of the electrical ef- 
fect (1423, 1454). 

1422. The appearances of the sparks in dif- 
ferent gases have often been observed and re- 
corded,* but I think it not out of place to notice 
briefly the following results; they were ob- 
tained with bails of brass (platina surfaces 
would have been better), and at common pres- 
sures. In air, the sparks have that intense light 
and bluish colour which are so well known, and 
often have faint or dark parts in their course, 
when the quantity of electricity passing is not 
great. In nitrogen^ they are very beautiful, hav- 
ing the same general appearance as in air, but 
have decidedly more colour of a bluish or purple 
character, and I thought were remarkably so- 
norous. In oxygen^ the sparks were whiter than 
in air or nitrogen, and 1 think not so brilliant. 
In hydrogen^ they had a very fine crimson col- 
our, not due to its rarity, for the character 

• See Van Marum's description of the Teylerian 
machine, Vol. I, p. U2, and Vol. II, p. 196: abo 
t^opcBOia Britanniea |7th edition], Vol* VI, Article 
SUetricUy, pp. 605, 507. 
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passed e.'way as the atmosphere wae rarefied 
(1459).* Very little sound was produced in this 
gas; but that is'a consequence of its physical 
condition.* In carbonic add ga;s, the colour was 
similar to that of the spark in air, but with a 
little green in it: the sparks were remarkably 
irregular in form, more so than in common air: 
they could also, under similar circumstances as 
to size of ball, &c., be obtained much longer 
than in air, the gas showing a singular readmess 
to cause the discharge in the form of spark. In 
muriatic add gas, the spark was nearly white: 
it was always bright throughout, never pre- 
senting those dark parts which happen in air, 
nitrogen, and some other gases. The gas was 
dry, and during the whole experiment the sur- 
face of the glass globe within remained quite 
dry and bright. In coal gaSj the spark was some- 
times green, sometimes red, and occasionally 
one part was green and another red: black 
parts also occur very suddenly in the line of 
the spark, i.e., they are not connected by any 
dull part with bright portions, but the two 
seem to join directly one with the other. 

1423. These varieties of character impress 
my mind with a feeling, that they are due to a 
direct relation of the electric powers to the 
particles of the dielectric through which the 
discharge occurs, and are not the mere results 
of a casual ignition or a secondary kind of 
action of the electricity, upon the particles 
which it finds in its course and thrusts aside in 
its passage (1454). 

1424. The spark may be obtained in media 
which are far denser than air, as in oil of tur- 
pentine, olive oil, resin, glass, &c.: it may also 
be obtained in bodies which being denser like- 
wise approximate to the condition of conduc- 
tors, as spermaceti, water, &c. But in these 
cases, nothing occurs which, as far as 1 can 
perceive, is at all hostile to the general views I 
have endeavoured to advocate. 

The Electric Brush 

1425. The brush is the next form of disrup- 
tive discharge which I shall consider. There are 
many wasrs of obtaining it, or rather of exal^* 
ing its characters; and all these ways illustrate 
the principles upon which it is produced. If an 
insulated conductor, connected with the pod- 
tivB conductor of an electrical machine, have a 
metal rod 0.3 of an inch in diameter projecting 
from it outwards from the machine, and term- 

^ Van Marum saya they aro about four times as 
large in l^rogen as in air, vol. I, p. 122. 

> Cadbddoe Phil. TtaneaeUtms. 257. 


inatmg by a rounded end or a smaU ball, it 
generally give good bmdies; or, if the 
he not in good action, then many ways 
sisting the formation of the bru^ can be. re* 
sorted to ; thus, the hand or any large conductii;^ 
surface may be approached towards the term- 
ination to increase inductive force (1374): or 
the termination may be smaller and of badly 
conducting matter, as wood: or sparks may he 
taken between the prime conductor of the mar 
chine and the secondary conductor to whidi 
the termination giving brushes belonp: or^ 
which gives to the brushes exceedingly fine 
characters and great magnitude, the air around 
the termination may be rarefied more or teas, 
either by heat or the air-pump; the former 
favourable circumstances being also continued. 

1426. The brush when obtained by a powers 
ful macliine on a ball about 0.7 of an inch in 
diameter, at the end of a long brass rod at- 
tached to the positive prime conductor, had 
the general appearance as to form represented 
in PI. X, Fig. S: a short conical bri^t part or 
root appeared at the middle part of the hall 
projecting directly from it, which at a little 
distance from the ball, broke out suddenly into 
a wide brush of pale ramifications having a 
quivering motion, and being accompanied at 
the same time with a low dull chattering sound. 

1427. At first the brush seems continuous, 
but Professor Wheatstone has shown that the 
whole phenomenon consists of successive in- 
termitting discharges.’ If the eye be passed 
rapidly, not by a motion of the head, but of 
the eyeball itself, across the direction of the 
brush, by first looking steadfastly about 1(P of 
15"^ atove, and then instantly as much bdow 
it, the general brush will be resolved into a 
number of individual brushes, standing in a 
row upon the line which the eye paired OYwr; 
each elementary brush being the result of a 
single discharge, and the space between fjiem 
representing both the time during which the 
eye was passing over that space, and that which 
elapsed between one discharge and another. 

1428. The single brushes could easily be sep* 
arated to eight or ten times their own wid&i 
but were not at the same time extended, 
they did not become more indefinite in 

but, on the contrary, less so, each being moie 
distinct in form, raji^cation, and obaraeter^ 
because of its separation from the otbere, in 
^ects upon the eye. Each, therefore, in- 
stantaneous in its existence (1436). Esdi had 
the comoal root complete (1426). . . 

^PkOasephied TrenmuHohet 1824, p. 
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and ttie eound, th^ 
iMdcer^ wxm tscoitintious. On lesdvmg 
laradi into its elementary parts, as befoi^ 
#UKi6 were found to occur at mui^ shorter in^ 
iervais of time than in the former case, but 
discharge was intermitting. 

. 1430. Employing a wire with a round end, 
tbe brudi was still smaller, but, as before, sep- 
arable into successive discharges. The sound, 
though feebler, was higher in pitch, bdng a 
distmct musical note. 

1431. The sound is, in fact due to the recun- 

ience of &e noise of each separate discharge, 
and these, happening at intervals nearly equal 
under ordinary circumstances, cause a definite 
note to be beard, which, rising in pitch with 
the increased rapidity and regularity of the 
intmnitting discharges, gives a ready and ac* 
etnucte measure of the intervals, and so may be 
tuied m any case when the discharge is heard, 
even the appearances may not be seen, 

tq determine the element of time. So when, by 
bringing the hand towards a projecting rod or 
bdll, the pitch of the tone produced by a brushy 
<fi»dhiarge increases, the ^ect informs us that 
we have increased the induction (1374), and 
by that means increased the rapidity of the 
alternations of charge and discharge. 

1432. By using wires with finer terminations, 
amaller brushes were obtained, until they could 
hardly be distinguished as brushes; but as long 
to sound was heard, the discharge could be 
tooertained by the eye to be intermitting; and 
when the sound cea^, the li^t became con- 
Imuous as a glow (1359, 1405, 1526 — 1543). 
^1483. To ^ose not accustomed to use the 
ays in the manner I have described, or, in eases 
whwe the recurrence is too quick for any un* 
aasbted eye, the beautiful revolving mirror of 
ItefefiWMr )?n]^t8tone^ will be useful for such 
: ihwdoimients of condition as those mentioned 

Another excellent process is to produce 
^ liw brush or other luminous phenomenon on 
the tod of n rod hdd in the hand opposite to a 
ribsamd powti^ or negative conductor, and 
tflto move, the rod rapidly from side to side 
tiie remains still. The successive dis^ 
ribaiges occur of eourse m different places, and 
E state of tiiimgs before, at, and after a single 
ooiusoation or Inriish: eto be exceedingly wdl 

;^:^;i434. Tim dfusA bf in reality a discha^ be^ 
abad or a noaioondu^r and ei^er a 
oonduotoi or tobtbar ium<oonductor. Under 
^ SVmiiasjMeto 1834^ 


^CMStoen dnsusirttoees^ 
betweto a conductor and air, and 1 conceive it 
to take place in something Mke the following 
manner. When the wid of an electrified rod 
projects into the middle of a room, induction 
takes place between it and the walls of the 
room, across the dielectric, air; and the lines of 
inductive force accumulate upon the end in 
greater quantity than elsewhere, or the parti- 
cles of air at the end of the rod are more UgMy 
polarized than those at any other part of the 
rod, for the reasons already given (1374). The 
particles of air situated in sections across these 
lines of force are least polarized in the sections 
towards the walls and most polarized m those 
nearer to tlie^end of the wires (1369) : mus, it 
may well happen, that a particle at the Imd of 
the wire is at a tension that will immedmtely 
terminate m discharge, whilst in those Tevmi 
only a few inches off, the tension is still be- 
neath that point. But suppose the rod to be 
charged positively, a particle of air A (PI; X, 
Fig. 4)i next it, being polarized, and having of 
course its negative force directed towards the 
rod and its positive force outwards; the instant 
that discharge takes place between the positive 
force of the particle of the rod opposite the air 
and the negative force of the particle of air 
towards the rod, the whole particle of air In- 
comes positively electrified ; and when, the next 
instant, the discharged part of the rod resumes 
its positive state by conduction from the sur- 
face of metal behind, it not only acts on the 
particles beyond A, by throwing A into a polar- 
ized state again, Imt A itself, because of its 
charged state, exerts a distinct inductive act 
toward these further particles, and the tension 
is consequently so much exalted between A 
and B, that discharge takes place there also, as 
well as again between the metal and A. 

1435. In addition to this effect, it has be^ 
shown that, the act of discharge having once 
commenced, the whole op^ation, like a case of 
unstable equilibrium, is hastened to a omiclu- 
rion (1370, 1418), ^ rest of the act being 
facilitated in its occurrence, and other etectri- 
riity tiian that which caused the first necessary 
tension hurrying to the spot. When^ therefme, 
disruptive discharge has once commenced at 
the root of a brodbi, the eleotrio, force which haa 
been accumulating in the conductor a^tadied 
to the rod finds a more ready (fisefaarge there 
than elsewhere, and will at once follow, the 
course marked out as it were for it, thus leaving 
tiie conductor in a partially 
and the.air about tbe end of^ the e 
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restorii^^ the fuB eluurgB of tiie ecmduotor, and 
fjie dispersion of tiie aliased air in a greater 
or fflnaUer degree, by the joint forces of repul- 
sion from the conductor and attraction towards 
the walls of the room, to which its inductive 
action is directed, is just that time which forms 
the interval between brush and brush (1420, 
1427, 1431, 1447). 

1436. The wor^ of this description are long, 
but there is nothing in the act or the forces on 
which it depends to prevent the discharge be- 
ing ifiManUirmm^ as far as we can estimate 
and measure it. The consideration of time is, 
however, important in several points of view 
(1418), and in reference to disruptive discharge, 
it seemed from theory far more probable tlmt 
it might be detected in a brush than in a spark; 
for in a brush, the particles in the line through 
which the discharge passes are iii very different 
states as to intensity, and the discharge is al- 
ready complete in its act at the root of the 
brush, before the particles at the extremity of 
the ramifications have yet attained their max- 
imum intensity. 

1437* 1 consider brush discharge as probably 
a successive effect in this way. Discharge b^ 
^ns at the root (1426, 1553), and, extending 
itself in succession to all parts of the single 
brush, continues to go on at the root and the 
previously formed parts until the whole brush 
is complete; then, by the fall in intensity and 
power at the conductor, it ceases at once in 
all parts, to be renewed, when that power has 
risen again to a sufficient degree. But in a 
sparky the particles in the line of discharge 
being, from the circumstances, nearly alike in 
their intensity of polarization, suffer discharge 
so nearly at the same moment as to make the 
time quite insensible to us. 

1438. Mr. Wheatstone has already made ex- 
periments which fully illustrate this point. He 
found that the brush generally had a sensible 
duration, but that with his highest capabilities 
he could not detect any such effect in thespark.^ 
1 repeated hk experiment on the brush, t^gh 
with more imperfect means, to ascertain whe&- 
er I could distinguish a longer duration in the 
stem or root of &e brush than in the edctreim- 
ties, and the appearances were sudh as to make 
me ^ink an, effect of this kind was producedL 

1^. That Ihe discharge breaks into several 
ramificatiema, and by thaki passes thrm;^ por- 
tioQs.of Sir alike, nearly alike, as to poberisar 
tion d^ee pt tensiem the paitieles 

see, ' 580 * 


the previous state of thh^, add latW to be 
expected , than that Ae dbd&cu'ge should 
tinue to: go straight out into space in a oni^ 
line amongst those particles which, b^g at a 
dbtanee from the end of the rod, are in a lower 
state of tenmon than those whidi are near: and 
whilst we cannot but conclude, that those parte, 
where the branches of a single bru^ appeafi 
are more favourably circumstanced for dis^ 
charge than the darker parts between the rami^ 
fications, we may also conclude, that in fhpse 
parts where the light of concomitant discharge 
is equal, there the circumstances are nearly 
equal also. The single successive brushes are 
by no means of the same particular shape even 
when they are observed without displa^meut 
of the rod or surrounding objects (1427, 1433)^ 
and the successive discharges may be consid- 
ered as taking place into the mass of air around, 
through different roads at each brush, accord- 
ing as minute circumstances, such as dust, 
(1391, 1392), may have favoured the course by 
one set of particles rather than another. 

1440. Brush discharge does not essentially 

require any current of the medium in which 
the brush appears: the current almost 
occurs, but is a consequence of the brush, and 
will be considered hereafter (1562 — 1610). On 
hdding a blunt point positively chai^^ed, 
towards uninsulated water, a star or glow ap* 
peared on the point, a current of air pass^, 
from it, and the surface of the water was de^ 
pressed; but on bringing the point so near that, 
sonorous brushes passed, then the current of 
air instantly ceased, and the surface of tfaa 
water became level. ! 

1441. The discharge by a brush is not to all 
the particles of air that are near the electrized 
conductor from which the brush issues; only 
those parts where the ramifications pass are 
diectrified ; the air in the central daric parts be^ 
tween them receives no charge, and, in fact, at 
the time of discharge, has its electric and 
ductive tension considerably lowered. For 
aider Fig. 128 to repres^t a sin^ posirive 
brush; the induction before :the discharge ^ 
from the end of the rod outwards, in dlv^i^ 
lines towards the dktant conductom, an 
walls of the room, &e.,,anid a parridte atit'lwi 
polarity cS a certain degree of tend^nalp 
tends with n certain force to bec<mn»,^oh|^^ 
but at moment of discharge,, 
mmificathms b and d, acquumg 

state, i^^mses its influence to ikidt 

tm on a, gad Ihe 
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piiaH^dteat than 

XEicreasad. The charged partides at h and d are 
BOW inductive bodies, but tbdr Imes of indue- 
tiveacticm are still outwards towards the walls 
of the room; the direction of the polarity and 
the tendency of other particles to charge from 
these, being governed by, or in conformity with, 
titese lines of force. 

1442. The particles that are charged are 
probably v^ highly charged, but, the me- 
dium being a non-conductor, they cannot com- 
municate that state to their neighbours. They 
travel, therefore, under the influence of the re- 
pulsive and attractive farces, from the charged 
conductor towards the nearest uninsulated 
conductor, or the nearest body in a different 
state to themselves, just as charged particles of 
dust would travel, and are then discharged; 
each particle acting, in its course, as a centre 
of mductive force upon any bodies near which 
it may come. The travelling of these charged 
particles when they are numerous, causes wind 
and currents, but these will come into consid- 
eration under carrying discharge (1319, 1562, 
Ac.). 


1443. When air is said to be electrifled, and 
it frequently assumes this state near electrical 
machines, it consists, according to my view, of 
a mixture of electrified and unelectrifled parti- 
cles, the latter being in very large proportion 
to the former. When we gather electricity from 
air, by a flame or by wires, it is either by the 
ac^al discharge of these particles, or by effects 
dependent on their inductive action, a case of 
either kind being producible at pleasure. That 
the law of equality between the two forces or 
forms of force in inductive abtion is as strictly 
pms^ed in these as in other cases, is fully 
shown by the fact, formerly stated (1173, 
1174), that, however strongly air in a vessel 
ml^t be charged positively, there was an ex- 
actiy equsd amount of negative force on the 
inner surface of the vessel itself, for no residual 
pmtion of either the one or the other electricity 
could be obtained. 

1444.1 haye nowhere said, nor does it follow, 
that the air is dbarged only where the luminous 
brurii appears* The charging may extend be- 
yond those pm*ts Which are visiNe, i.e., particles 
to the ri^t or left of the lines of light may re- 
ceive ^ectridty, the parts which are luminous 
being so only b^use much electricity is pass- 
% them to othm^ parts (1437) ; just as in a 
discharge the lij^t is ipeater as more 
‘ ‘ passes, thou^ it 1^ no necessary 
I to the quantity requhed to commence 


discharge (1370, 1420). Hence the form we see 
in a brush may by no means represent the 
whole quantity of air electrified; for an invisi- 
ble portion, clothing the invisible form to a 
certain depth, may, at the same time, receive 
its charge (1552). 

1445. Several effects which I have met with 
in muriatic acid gas tend to make me believe 
that that gaseous body allows of a dark dis- 
charge. At the same time, it is quite dear 
from theory, that in some gases, the reverse of 
this may occur, i.e., that the charging of the air 
may not extend even so far as the light. We do 
not know as yet enough of the electric light to 
be able to state on what it depends, and it is 
very possible that, when electricity bursts forth 
into air, all the particles of which are in aWtate 
of tension, light may be evolved by such as, 
being very near to, are not of, those ^lich 
actually receive a charge at the time. \ 

1446. The farther a brush extends in a gas, 
the farther no doubt is the charge or discharge 
carried forward; but this may vary between 
different gases, and yet the intensity required 
for the first moment of discharge not vary in 
the same, but in some other proportion. Thus 
with respect to nitrogen and muriatic acid 
gases, the former, as far as my experiments 
have proceeded, produces far finer and larger 
brushes than the latter (1458, 1462), but the 
intensity required to commence discharge is 
much higher for the muriatic acid than the 
nitrogen (1395). Here again, therefore, as in 
many other qualities, specific differences are 
presented by different gaseous dielectrics, and 
so prove the special relation of the latter to the 
act and the phenomena of induction. 

1447. To sum up these considerations re- 
specting the character and condition of the 
brush, I may state that it is a spark to air; a 
diffusion of electric force to matter, not by 
conduction, but disruptive discharge, a dilute 
spark which, passing to very badly conducting 
xnatter, frequently ^scharges but a small por- 
tion of the power stored up in the conductor; 
for as the air charged reacts on the conductor, 
whilst the conductor, by loss of electricity, 
sinks in its force <1435), the discharge quickly 
ceases, until by the dispersion of the charged 
air and the renewal of the excited conditions 
the conductor, circumstances have risen up to 
their first effective condition, again to cause 
discharge, and again to fall and rise. 

1448. The brush and spark gradually p»x» 
into one another. Making a small bail positive 
by a good electrical mad^e with a pome 
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oonduetoo*, and approaching a large uidnsulai>- 
ed dtschar^ng baU towards it, very beautiful 
variations from the spark to the brush may be 
obtaiiPed. The drawings of long and powerful 
G^arks, given by Van Marum,^ Harris and 
others,® also indicate the same phenomena. As 
far as I have observed, whenever the spark has 
been brushy in air of common pressures, the 
whole of the electricity has not been dis- 
charged, but only portions of it, more or less 
according to circumstances; whereas, whenever 
the effect has been a distinct spark through- 
out the whole of its course, the discharge has 
been perfect, provided no interruption had 
been made to it elsewhere, in the discharging 
circuit, than where the spark occurred. 

1449. When an electrical brush from an inch 
to six inches in length or more is issuing into 
free air, it has the form given (PI. X, Fig. S). 
But if the hand, a ball, or any knobbed con- 
ductor be brought near, the extremities of the 
coruscations turn towards it and each other, 
and the whole assumes various forms accord- 
ing to circumstances, as in PI. X, Figs. 
and 7. The influence of the circumstances in 
each case is easily traced, and I might describe 
it here, but that I should be asham^ to occupy 
the time of the Society in things so evident. 
But how beautifully does the curvature of the 
ramifications illustrate the curved form of the 
lines of inductive force existing previous to the 
discharge! for the former are consequences of 
the latter, and take their course, in each dis- 
charge, where the previous inductive tension 
had been raised to the proper degree. They 
represent these curves just as well as iron fil- 
ings represent magnetic curves, the visible 
effects in both cases being the consequences of 
the action of the forces in the places where the 
effects appear. The phenomena, therefore, con- 
stitute additional and powerful testimony 
(1216, 1230) to that already given in favour 
both oi induction through dielectrics in curved 
lines (1231), and of the lateral relation of these 
lines, by an effect equivalent to a repulsion 
producing divergence, or, as in the cases fig- 
ured, the bulging form. 

1460. In reference to the theory of molecular 
mductive action, I may also add, the proof 
deducible from the long brushy ramifying 
spark which may be obtained between a small 
ball on the positive conductor of an electrical 
machine, and a larger one at a distance (1448, 

J Description of theTeylerian msbhine, VoL 1, pp. 
as, 82; Vol H. p. 220, Ac. 

* Pmosophieoi TreneaeiiPatt 1834, p. 248. 


1504). What a flte that ^spark af^ 

fords of the previous condition of oS par^ 
cles of the dielectric between the surfaces ^ 
discharge, and how unlike the appearances are 
to any which would be deduced from the the- 
ory which assumes inductive action to be ac- 
tion at a distance, in straight lines only; and 
charge, as being electricity retained upon the 
surface of conductors by the mere pressure of 
the atmosphere! 

1451. When the brush is obtained in rarefied 
air, the appearances vary greatly, according to 
circumstances, and are exceedingly beautiful. 
Sometimes a brush may be formed of only six 
or seven branches, these being broad and highly 
luminous, of a purple colour, and in some parts 
an inch or more apart: by a spark discharge at 
the prime conductor (1455) single brushes may 
be obtained at pleasure. Discharge in the form 
of a brush is favoured by rarefaction of the air, 
in the same manner and for the same re^on as 
discharge in the form of a spark (1375) ; but in 
every case there is previous induction and 
charge through the dielectric, and polarity of 
its particles (1437), the induction t^ing, as in 
any other instance, alternately raised by the 
machine and lower^ by the discharge. In cer- 
tain experiments the rarefaction was increased 
to the utmost degree, and the opposed con- 
ducting surfaces brought as near together as 
possible without producing glow (1629): the 
brushes then contracted in their lateral dimen- 
sions, and recurred so rapidly as to form an 
apparently continuous arc of light from metal 
to metal. Still the discharge could be observed 
to intermit (1427), so that even under these 
high conditions, induction preceded each single 
brush, and the tense polarized condition of the 
contiguous particles was a necessary prepara- 
tion for the discharge itself. 

1452. The brush form of disruptive discharge 
may be obtained not only in air and gases, but 
also in much denser media. I procur^ it in oil 
of turpentine from the end of a wire ^ing 
through a glass tube into the fluid contained 
in a metal vessel. The brush was small and 
very difficult to obtain; the ramifications were 
simple, and stretched out from each other, 
diverging v^y much. The light waa «ceedb 
ingly feeble, a perfectly dark room bring 
qui^ for its olmrvation. When a lewaoMpaiv 
tides, as of dust or silk, were in the liquid^ the 
brush was produced with much greater 

1453. The running together or ocyescence 
of different lines of dischange <1413) is very 





wbam in bniah in: air. Tim 
sim 3 F;fM 6 iit a littfe difficult to tiboae 
up'ho m iiot ftcGus^ to see in evefy dio- 
an eqpal exerticm of power in oppointe 
a positive hriish bdng consi<kred 
I^jneb (perhaps in consequence of the conb- 
phrase direction of a current) as indicating 
a bmddng forth in different directions of the 
mginal force, rather than a tendeocy to oon« 
vetgenee and union in one line of passage. But 
the <»*dinary case of the brush may com* 
paredy for its iUus^ation, with that in which, 
by holding the knuckle opposite to highly ex* 
dted glass, a discharge occurs, the ramifica- 
tions of a brush then leading from the glass and 
converging into a spark on the knuckle. Though 
a diffiicult experiment to make, it is possible to 
obtain discharge between highly excited shel- 
lac and the excited glass of a machine: when 
thadkcharge passes, it is, from the nature of the 
dhaiged bodies, brui^ at each end and spark in 
the middle, b^utifully illustrating that ten- 
dency of discharge to facilitate like action, 
yidch I have described in a former page (1418). 

1454. The brush has epecific characters in dif- 
ferent gases, indicating a rc^tion to the parti- 
des of these bodies even in a stronger degree 
than the spark (1422, 1423). This effect is in 
strong contrast with the non-variation caused 
by tihe use of different substances as conductors 
from which the brushes are to originate. Thus, 
tiring such bodies as wood, card, charcoal, ni- 
tre, ritric add, oxalic acid, oxide of lead, chlo- 
ride of lead, carbonate of potassa, potassafusa, 
Irtrong solution of potash, oil of vitriol, sulphur, 
solphuret of antimony, and haematite, no va- 
riation in the character of tde brushes was ob- 
trined, except that (dependent upon their ef- 
fect as better or worse conductors) of causing 
dkrifaarge with moi^or less readiness and quick- 
ly from the machine.^ 

>: 1465. The following are a few of the effects I 
ribeerved in differmit gases at the positivriy 
SAaiged sitffaces, and with atmospheres vary- 
mg in tiirir preinmre. The geneial ^ect of raio- 
was the same for all the gases: at first, 
passed; theee gradually were converted 
bnnhes, wtaii^ became larger and more 
dririnctintiirir 1 ^^ until, uponluiv 

ther lax^aetum, theflatter be^pn to collapse 
, , dsssdr in npcm eaieh other, ^ they formed 
; ^ acroes from conductor to ec^uctor: 

' ' « Ehceeption must, of pourse, be made of those 
V IfSee where the root of the bnieh, beoomina a epark, 
pmes a little diffusion or even drisomposition of the 
‘mwtter there, and So gains more or less of a partio- 
ribtf ooloor at that part. 


tiiritnfriiir Iribaral 

glass ci the vessel from tim edndttlgmns^ti^ 
became thick and soft in appearance, and were 
succeeded by the lull constant glow which cow* 
ered the discluu'iriitt phenneernm 

varied with the rise of the vessel (1477), the 
degree of rarefaction, and (he discha^ of elec** 
tricity from the machine*. When the ktto was 
in successive sparks, they were most beautiftil, 
the effect of a spark from a small machine be- 
ing equal to, and often surpassbg, that pro- 
duced by the constant discharge of a far more 
powerful one. 

1456. Air. Fine positive brushes are easily 

obtained in^ir at common pressures, and pos- 
sess the well-known purplish light. When the 
air is rarefied, the ramifications are veryuong, 
filling the globe (1477) ; the light is greatlV in- 
creased, and is of a beautiful purple colour, 
with an occasional rose tint in it. ' \ 

1457. Oxygen. At common pressures, \bhe 
brush is very close and compressed, and of a 
dull whitish colour. In rarefied oxygen, the 
form and appearance are better, the colour 
somewhat purplish, but all the characters very 
poor compared to those in air. 

1458. NUrogen gives brushes with great fa- 
cility at the positive surface, far beyond any 
other gas I have tried: they are almost always 
fine in form, light, and colour, and in rarefied 
nitrogen are magnificent. They surpass the dis- 
charges in any other gas as to the quantity of 
light evolved. 

1459. Hydrogen^ at common pressures, gave 
a better brush than oxygen, but did not equal 
nitrogen; the colour was greenish gray. In rare- 
fied hydrogen, the ramifications were very fine 
in form and distinctness, but pale in colour, 
with a soft and velvety appearance, and not at 
all equal to those in nitrogen. In the rarest 
state of the gas, the colour of the light was a 
pale gray green. 

1460. gas. The brushes were rather dif- 
ficult to produce, the contrast with nitrogen 
being great in tiiis respect. They were short 
and strong, generally of a greenish colour, and 
possessing much of the spark character: for, 
occurring on both the positive and. negative 
terminations, often when there was a di^k in- 
terval of someteagth between the two bnsriies, 
stall the quidk, sharp sound of the spark was 
produced, as the discharge had been sudden 
tinough this and partaking, in that re- 
spect, of, the ehanuster of a spark. In rare coal 
gas, the brorii forms were b^ter, but 

very poor and-tbe odbur gray. ? * . 





bnidb Ski eatmm preemeR, sm 
suM^ or odoiir; mi this is prcibs.bl 3 f; cm- 
ned^ mtb the tendency wMdi this giutjbaii to 
disolwge the^^ectricitty SB a spark (1422). In 
rar^ed earbonio acid, the brush is better in 
form, but weak m to li^t» being of a dull green- 
ish or purplish hue« varying with the pressure 
and other circumstanoes. 

14d2. Mvnatk acid gas. It is very difficult to 
obtain the brush in t^ gas at common pres- 
sures. On giadually increasing the distance, of 
the round^ ends, the sparks suddmly ceased 
when the interval was about an inch, and the 
discharge, which was stHl through the gas in 
the globe, was silent and dark. Occasionally a 
very short brush could for a few moments be 
obtained, but it quickly disappeared. Even 
when the intermitting spark current (1455) 
from the machine was us^, still. I could only 
with difficulty obtain a brush, and that very 
short, though I used rods with rounded termi- 
nations (a^ut 0.25 of an inch in diameter) 
which had before given them most freely in air 
and nitrogen. During the time of this difficulty 
with the muriatic gas, magnificent brushes 
were passing off frcun different parts of the ma- 
chine into the surrounding air. On rarefying 
the gas, the formation of the brush w;a8 facili- 
tated, but it was generally of a low squat form, 
very poor in light, and very similar on both the 
positive and negative surfaces. On rar^ying 
the gas still more, a few large ramifications were 
obtained of a pale bluish colour, utterly unlike 
those in nitrogen. 

1463. In all the gases, the different forms of 
disruptive discharge may be linked together 
and gradually traced from one extreme to the 
other, i.e. from the spark to the glow (1405, 
1526), or, it may be, to a still furth^ condition 
to be called dark discharge (1544-1560) ; but it 
is, nevertheless, very surprising to see what a 
specific character each keeps whilst under the 
predominance of the generd law* Thus, in mp- 
riatic acid, tke brush is v^ difficult to obtain, 
and there comes in its place almost a dark dis- 
charge, partaking of the readiness of the spark 
action. Moreover, in muriatic add, I h^^ve 
f observed the spark with any d^ intervid 
m it In nitrqgen, the spark readily chai^ its 
characto' into that of brush. In carbonic add 
gas, there seems to be a facility to oeoadon 
spark. disdiiarge, whilst yet that gas jbiUpttke 
mtrogep .in ^ facility of the latter to lorm 
unlike murk add fa? 


dlity tp oentwie (hespaik* These diffemtses 
add fiirthev foroe, first to the obeervat^ 
ready made respecting the spark m vario^ 
gastt (1422, 1423), and then, to the proofs 
dudUe from it, of the rdation of the deotricsd 
forces to the prides of matter. 

1464. The peculiar charaetets of nitrogdi in 
relation to Ihe deotric discharge (1422, 14f$) 
must, evidently, have an important influence . 
over the form even the occurrence of l^fh 
ning. Being that gas which most readily prfh 
duces coruscations, and, by them, extends dpe- 
oharge to a greater distance than any other gas 
tried, it is also that which constitutes fpmv 
fifths of our atmosphere and as, in atmospheric 
electrical phenomena, one, and, sometimes both 
the inductive forces are resident on the parii^f 
des of the air, which, though i»*obably affected 
as to conducting power by the aqueous parti- 
cles m it, cannot be considered as a good con- 
ductor; so the peculiar power possessed by ni- 
trogen, to originate and effect discharge jh the 
form of a brush or of ramifications, 1^ prob- 
ably, an important relation to its dectrical serv- 
ice in nature, as it most seriously affects the 
character and condition of the discharge when 
made. The whole subiect of discharge from 
and through gases is of great interest, and, if 
only in refermce to atmospheric eleotrioily, 
deserves extensive and close experimental idr 
vestigation. 

Difference of Diecharge at the PosUwe and 
Negative Conducting Surfaces 

1465. 1 have avoided speaking of this 
known phenomenon more than was quite nec- 
essary, that I mi^t bring together here what 1 
have to say on the subject. When the hmt 
discharge is observed in air at the positive and 
negative surfaces, there is a very remarkable 
differmoe, the true and full comprehension of 
which would, no doubt, be of the utmost im- 
portanoe to toe phydes of dectridty; it would 
throw great light on our present subject, i.e., 
the molecular action of didectrics under induor 
tion, and its consequences; and sei^xis v^ 
op^ to, and accessible by, eiq>mmental 
quiry. .i.j; 

1466. The diff^enoe in questimi used to , 
expressed in; former times by saying 
point charged positivdy gave brushes into tito 
air, wUlst the same point charged negatived 
gaveastar. This is true only of oonckistoniy 
or of metalfic conductors charged intenxiiMiaf^ 
ly, or otopiwise controlled by eoBstoi# 

M m^etailio potots tdto 
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afar, titeposiiSve knd negative upon tbem 
WSet Mttle in appearaneot and tiie differ- 
eUoe ean be obeerved only upon close examSua- 
tibn. 

1467. The ^ect varies exceedingly undar 
different circumstances, but, as we must set 
out from some position, may perhaps be stated 
thus: if a metallic wire with a rounded termi- 
nation in free air be used to produce the brushy 
discharge, then the brushes obtained when the 
wire is charged negatively are very poor and 
small, by comparison with those produced when 
the eWge is positive. Or if a large metal ball 
connected with the electrical machine be charg- 
ed positively, and a fine uninsulated point 1^ 
gradually brought towards it, a star appears 
on the point when at a considerable distance, 
which, though it becomes brighter, does not 
(diange its form of a star until it is close up to 
the ball: whereas, if the ball be charged nega- 
Uvety, the point at a considerable distance has 
a star on it as before; but when brought near- 
er (in my case to the distance of inch), a 
brufih formed on it, extending to the negative 
ball; and when still nearer, (at 3^ of an inch 
distance), the brush ceased, and bright sparks 
passed. These variations, I believe, include the 
whole series of differences, and they seem to 
show at once, that the negative surface tends 
to retain its discharging character unchanged, 
whilst the positive surface, under similar cir- 
cumstances, permits of great variation. 

1468. There are several points in the char- 
acter of the negative discharge to air which it 
is important to observe. A metal rod, 0.3 of an 
inch in diameter, with a rounded end project- 
ing into the air, was charg^ negatively, and 
gave a short noisy brush (H. X, Fig. 8). It was 
ascertained both by sight (1427, 1433) and 
tiound (1431) that the successive discharges 
w^ very rapid in their recurrence, being sev- 
en or ei^t times more numerous in the same 
period, tiian those produced when the rod was 
charged positively to an equal degree. When 
the rod was positive, it was easy, by working 
the machine a little quicker, to replace the 
bnudi by a j^oW (1405, 1463), but when it was 
negative no efforts could produce this change. 
Even by bringing the hand opposite the wire, 
the only effect was to increase the number of 
brush discharges m a g^ven period, raising at 
the same time the sou^ to a higher pitch. 

1469. A point opposite the negative brush ex- 
pbited a star, ai^d as it was approximated 

tbesise and sound of the negative brush 
ip^dhhmish, and, at last, to cease, leaving the 


negative md slbit and dark, yet effeetive as 
to discharge. 

1470. Whea the round end of a smaller wire 
(PI. X, Fig. 9) was advanced towards the neg- 
ative brush, it (becoming positive by induc- 
tion) exhibited the quiet glow at 8 inches dis- 
tance, the negative brush continuing. When 
nearer, the pitch of the souiid of the negative 
brush rose, indicating quicker intermittences 
(1431); still nearer, the positive end threw off 
ramifications and distinct brushes; at the same 
time, the negative brush contracted in its lat- 
eral directions and collected together, ^ving a 
peculiar narrow longish brush, in shape like a 
hair pencil, the two brushes existing at once, 
but very different in their form and appear- 
ance, and especially in the more rapid ^recur- 
rence of the negative discharges than of the 
positive. On using a smaller positive wil^e for 
the same experiment, the glow first app 

on it, and then the brush, the negative timsh 
being affected at the same time; and the Wo 
at one distance became exceedingly alike in ap- 
pearance, and the sounds, I thought, were in 
unison; at all events they were in harmony, so 
that the intermissions of discharge were either 
isochronous, or a simple ratio existed between 
the intervals. With a higher action of the ma- 
chine, the wires being retained unaltered, the 
negative surface became dark and silent, and a 
glow appeared on the positive one. A still high- 
er action changed the latter into a spark. Finer 
positive wires gave other variations of these ef- 
fects, the description of which I must not allow 
myself to go into here. 

1471. A thinner rod was now connected with 
the negative conductor in place of the larger 
one (1468), its termination being gradually di- 
minished to a blunt point, as in PI. X, Fig. 10; 
and it was beautiful to observe that, notwith- 
standing the variation of the brush, the same 
general order of effects was produced. The end 
gave a small sonorous negative brush, which the 
approach of the hand or a large conducting 
surface did not alter, until it was so near as to 
produce a spark. A fine point opposite to it was 
luminous at a distance; being nearer it did not 
destroy the light and sound of the negative 
brush, but only tended to have a brush pro- 
duced on itself, which, at a still less distance, 
passed into a spark joining the two surfaces. 

1472. When the distinct negative and posi- 
tive brushes are produced simultaneously iDi 
relation to each other in air, the former almost 
always has a contracted form, as in PL X, Fig* 
Ilf very much indeed resmbling the figure 
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pontivQ tmu& itscilf has ^en isflu* 
enced by the lateral vicinity of positive paiia 
acting by induction. Thus a brush issuing from 
a point in the re<entering angle of a pontive 
conductor has the same compressed form (PL 
X, Pig- IS)- 

1473. The character of the negative brush is 
not affected by the chemical nature of the sub* 
stances of the conductors (1454), but only by 
their possession of the conducting power in a 
greater or smaller degree. 

1474. Rarefaction of common air about a 
negative ball or blunt point facihtated the de- 
velopment of the negative brush, the effect be- 
ing, 1 think, greater than on a positive brush, 
though great on both. Extensive ramifications 
could be obtained from a ball or end electrified 
natively to the plate of the air-pump on 
which the jar containing it stood. , 

1475. A very important variation of the rel- 
ative forms and conditions of th« potitive and 
negative brush takes place on varying the di- 
electnc in which they are produced. The dif- 
ference is so very great that it points to a spe- 
cific relation of this form of discharge to ^e 
particular gas in which it takes place, and op- 
poses the idea that gases are but obstructions 
to the discharge, acting one like another and 
merely in proportion to their pressure (1377). 

1476. In oir, the superiority of the positive 
brush is well Imown (1467, 1472). In nitrogen, 
it is as great or even greater than in air (1458). 
In hydrogen, the positive brush loses a part of 
its superiority, not being so good as in nitrogen 
or air; whilst the negative brush does not seem 
injured (1459). In oxygen, the positive brush is 
compressed and poor (1457); whilst the nega- 
tive did not become le»; the two were so alike 
that the eye frequently could not tell one from 
the other, and this similarity continued when 
the o^gen was gradually rarefied. In cool gat, 
the brushes are difficult of jffoduction as com- 


pared to idtiogea (1460), and the potitive not 
much superior to the negative in its charaeta,. 
tithm- at common or low pressures. In cteknic . 
acid gas, this approximation of character tdso 
occurred. In mvriaiic add g<u, the positive 
brush was very littie better than the negative, 
and both difficult to produce (1462) as com- 
pared with the facility in nitn^ or air. 

1477. These experiments woe made with 
rods of brass about a quarter of an inch thick 
hamg rounded ends, these being opposed in a 
glass globe 7 inches in diameter, contidning the 
gas to be experimented wiih. The electric mfr* 
chine was used to communicate directly, some- 
times the positive, and sometimes the negative 
state, to the rod in connection with it. 

1478. Thus we see that, notwithstanding 
there is a general difference in favour of the su- 
periority of thepositivebrushoverthen^tive^ 
that difference u at its maximum in nitrogen 
and air; whilst in carbonic acid, muriatic acid, 
coal gas, and oxygen, it dimmi^es, and at last 
almost disappears. So that in this particulu 
effect, as in all others yet examined, the evi- 
dence is m favour of that view which refm the 
resdts to a direct relation of the dectric forces 
with the molecules of the matter concerned in 
the action (1421, 1423, 1463). Even vdien spe- 
cial phenomena arise under the op^ation of 
the general law, the theory adopted se^ fully 
competent to meet the case. 

1479. Before I proceed further in tracmg Ihe 
probable cause of the difference between the 
positive and negative brush discharge, I wish 
to know the results of a few experiments whidh 
are in course of preparation: and thinking tins 
Series of Rmarchet long enough, I shall h«ie 
close it with the expectation of b^ aide in a 
few weeks to renew the inquiry, and entire^ 
redeem my pledge (1306). 

Royal InttiMm, Dec, 28, 1837 
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f ix. Dkmjam Ditekarge {continued) 

1480. Let us now direct our attention to the 
gmoni difference of the pontive and negative 
disruplive discharge, with the Object of tracing, 
as far as posable, the cause of that difference, 
lif9i whetiier it dq)end8 on the (harged con- 
ductors inincipaUy, or <m the intei|xised di* 
eieCtiio; and as it aiq)ears to be great in air and 
sitingen (1476), let us obsme the pbrnomena 
te air first. 

I'^l. The gmetal case is best understood by 
a r^erenee to surfaces of considerable size 
rathar than to points, whidi involve (as a sec- 
cadary effect) the formation of currento (1562). 
My investigation, thaefore, was carried on 
with baUs and tenmnataons of differait diam- 
and the following are some of the prin- 
(apalresdts. 

' 1482. If two ba& of very different dimen- 
sicns, as fw instuioe one-ludf an inch, and the 
other three mches in diameter, be arranged at 
(he ends of tods so that tether can be electrified 
by a machine and made to discharge by Sparks 
to the otbar, which is at the sune time unin- 
' eokted;then,asi8Wdlknown,farlongerBpariks 
«e ^t^ed when the snudi ball is poative 
«nd the large bail nega'tive, than whai the 
sbobU ball is negative and the large ball posi- 
tivB. In the forma* case, the sparks are 10 or 12 
jaihes in length; in the latto*, an huh or an 
i&di and a half only. 


. ; 1483. But previous to the description of fur^ 
< e!Q)ahnaitB, I will menti<m two words, 
lor’ wiu^ with many others I am indebted to a 
, . Mehd, and which I thhdc it would be expedioit 
to iatopduee and use. It is impmtant in otdi- 
‘ naiy induct action, to distingaish at uhi<h 


ctouged surface toe indudion origboates and is 
'lhdlainedu.e., if two or more metallic balls, or 
4i|w masses of matter, are in inductive 


tion, to e^^iw which are charged oiihnally, 
and which are brought by them into tM op- 
podte electrical condition. I propose m call 
those bodies which are origjnaily chargea, to- 
duetric bodies; and those which assume toe op- 
pcmte state, in consequence of toe inducmn, 
inducteoue bodies. This distinction is not nM- 
ful because there is any difference between the 
sums of the indtidrie and the indueteous forces; 
but principally because, when a ball A is in- 
ductric, it not merdy brings a ball B, which is 
opposite to it, into an induciteous state, but al- 
so many other surrounding conductors, thou|^ 
some of them may be a considerable distance 
off, and the consequence is, that the balls do 
not bear toe same prerise rdation to each other 
^en, first one, and then the other, is made the 
inducitric bail; though, in each case, the same 
baU be made to assume the same state. 

1484. AnothOr liberty which I may also oc- 
caaondly take in language I will explain and 
limit. It is that of calling a particular spark or 
brush, posftwe or negatm, according as it may 
be considaed as originating at a positive or a 
negative torface. We qpesk of the brush as pos- 
itive or negative when it thoots out from 8tt^ 
faces previously in those states; and the'expe^ 
iments of Mr. Wheatstone go to prove that it 
really begins at toe chai^ surface, and from 
thence extends intcL.toe air (1437, 1438) or 
other dielectric. According to my view, sparks 
also originate or are determined at one particu- 
lar imot (1370), namriy, that vhere the tenrion 
first rises up to toe maximum degree; imd when 
this can be determined, as in the simultaneoos 
use of large and small balks, in which ease toe 
discharge begins or is determined by (he latto*, 
I wouid crii that c^scharge which passes at 
once, a positive spark, if it was at (he poritive 
surface (hat the maximum intouity was first 
oMained; ctt a native qwtk, if tom necflitory 
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ipB &at tMiaitnd at a^thm 

1485^ An apparatus was arranged, as in PL 
XI, Fig. 2\ A and B ww brass balls of very 
different diameters attached to metal ixkIs, 
moving through sockets on msulating pillars, 
so that the distance between the balls could be 
varied at pleasure. The large ball A, 2 inches in 
diameter, was connected with an insulated brass 
conductor, which could be rendered positive or 
negative directly from a cylinder machine: the 
sn^ ball B, 0.25 of an inch in diameter, was 
connected with a discharging train (292) and 
perfectly uninsulated. The brass rods sustain- 
ing the balls were 0.2 of an inch in thickness. 

1486. When the large ball was and 

inductric (1483), negative sparks occurred un- 
til the interval was 0.49 of an inch; then mixed 
brush and spark between that and 0.51; and 
from 0^52 and upwards, negative brush alone. 
When the large ball was made mgatwe and in- 
ductric, then positive spark alone occurred un- 
til the inteiW was as great as 1.15 inches; 
spark and brush from that up to 1.55; and to 
have the positive brush alone, it required an 
interval of at least 1.65 inches. 

1487. The balls A and B were now changed 
for each other. Then making the small ball B 
inductric positively^ the positive sparks alone 
continued only up to 0.67; spark and brush oc- 
curred from 0.68 up to 0.72; and positive brudb 
alone from 0.74 and upwards. Rendering the 
small ball B inductric and negative, negative 
sparks alone occurred up to 0.40; then spark 
and brush at 0.42; whilst from 0.44 and up- 
wards the noisy negative brush alone took place. 

1488. We thus find a great difference as the 
balls aie rendered inductric or inducteous; the 
small ball rendered positive inducteously giving 
a spark nearly twice as long as that produced 
when it was charged positive inductrically , and 
a corresponding difference, though not, under 
the ohctmistances, to the same extent, was 
manifest, when it was rendered negative} 

1489. Other results are, that the small ball 

rendered positive gives a much longer spark 
than when it is rendered native, and that the 
small ball rendered negative gives a brushmore 
readily than when positive, in relation ip the 
effect produced by mcreeaing the distani^ be- 
tween the two balls. /" 

1490. When &e interval was bdow! 0.4 of mi 
mch, eo that ^small ball should ^ibi^ks, 


whether positive or negative, I cookt nol oi>* 
serve that thm was any constant diffemee, 
either in their ready occurr^ice or the nusd:^^ 
which passed in a given iamk But when theh^l 
terval was such that the small bail when nega* 

tivegaVe a brush, then the discharges from it, 
as separate negative brushes, were far mere 
numerous than the corresponding discharges 
from it when rendered positive, whether those 
positive discharges were as sparks or brumes. 

1491. It is, therefore, evident that, when a 
ball is discharging electricity in. the form' of 
brushes, the brumes are far more numeibuQ, 
and each contains or carries off far less electric 
force when the electricity so discharged is neg- 
ative, than when it is positive. 

1492. In all such experiments as those 
scribed, thepointof change from spark to brudi 
is very much governed by the working state of 
the electrical machine and the size of the con- 
ductor connected with the discharging tetU. If 
the machine be in strong action and the con- 
ductor large, so that much power is accumu- 
lated quickly for each discharge, then the in- 
terval is greater at which the sparlm are replaced 
. by brushes; but the general effect is the same.^ 

1493. These results, though indicative of 
very striking and peculiar relations of the elec- 
tric force or forces, do not show the relative 
degrees of chaige which the small ball acquires, 
before discharge occurs, Le., they do not tdl 
whether it acquires a higher condition in the 
negative, or in the positive state, immediatdy 
preceding that discharge. To illustrate this im- 
portant point 1 arranged two places of dis- 
charge as represented, PL XI, Fig. 3. A and D 
are brass balls 2 inches in diameter, B and C 
are smaller brass balls 0.25 of an inch in di- 
ameter; the forks L and R supporting them 
were of brass wire 0.2 of an in(^ in diametor: 
the spa^ between the large and small ball on 
the s^e fork was 5 inches, that the two places 
of discharge n and o might be sufficiency re- 
moved from each other's influence. The fork 
L was connect^ with a projecting cylindrical 
conductor, whidbi could be rendered positive or 
negative at pleasure, by an electrical machine 
and the fork R was attached to another cbiih 
duotor, but thrown into an uninsulated state, 
by connection with a disdbaiging train | 
11)6 two intervals or places of discharge 

0 could be varied at pleasure, thdir ext^t be? 
ing measured by the occasional intioducticm ^ 
a diagcmal scale. It » evident that, as tee baSs 

* iPVvr in tesaiif 
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A and B wiCh the eaane eonductcnr 

are always charged at once, and that discharge 
may take place to either of the balls connected 
with the discharging tram, the intervals of dis- 
charge n and o may be properly compared to 
each other, as respects the influence of large 
and small balls when charged positively and 
negatively in air. 

1494. When the intervals n and o were each 
made =0.9 of an inch, and the balls A and B 
inductric positively ^ the discharge was all at n 
from the small ball of the conductor to the large 
ball of the discharging train, and mostly by 
positive brush, though once by a spark. When 
the balls A and B were made inductric negor 
lively^ the discharge was still from the same 
small ball, at n, by a constant negative brush. 

1495* I diminished the intervals n and o to 
0.6 of an inch. When A and B were inductric 
positively f all the discharge was at n as a posi- 
tive brush: when A and B were inductric negor 
lively f still all the discharge was at n, as a 
negative brush. 

1496. The facility of discharge at the positive 
and negative small balls, therefore, did not ap- 
pear to be very different. If a diffei-ence had 
existed, there were always two small balls, one 
in each state, that the discharge might happen 
at that most favourable to the effect. The only 
difference was that one was in the inductric, 
and the other in the inducteous state, but which- 
soever happened for the time to be in that 
state, whether positive or negative, had the 
advantage. 

1497. To counteract this interfering influ- 
ence, I made the interval n = 0,79 and interval 
0 = 0.58 of an inch. Then, when the balls A and 
B were inductive posUivCf the discharge was 
about equal at both intervals. When, on the 
other hand, the balls A and B were inductric 
n^ative, there was discharge, still at both, but 
most at n, as if the small ball negative could dis- 
charge a little easier than the same ball positive, 

1498. Ihe small balls and terminations used 
in these and similar experiments may very cor- 
rectly be compared, in their action, to the same 
balls and ends when electrified in free air at a 
much greater distance from conductors, than 
they were in those cases from each other. In 
the first place, the disdmrge, even when as a 
spark is, according to my view, determined, 
SAd, so to speak, begins at a spot on the sur- 
face of the small ball (1374), occurring when 
the intensity there has risen up to a certain 
iQaximum degree (1370); this determinatioB of 
discharge at a partund^ 


traced from the q>ark into the brush, by hr 
creasing the distance, so as, at last, even te 
render the time evident which is necessary for 
the production of the effect (1436, 1438). In 
the next place, the large balls which I have 
used might be replaced by larger balls at a still 
greater distance, and so, by successive degreeSf 
may be considered as passing into the sides of 
the rooms; these being under general circum- 
stances the inducteous bodies, whilst the small 
ball rendered either positive or negative is the 
inductric body, 

1499. But, as has long been recognised, the 
small bail is only a blunt end, and, electrically 
speaking, a point only a small ball; so that 
when a point or blunt end is throwing out its 
brushes into the air, it is acting exactly as the 
small balls have acted in the experiments al- 
ready described, and by virtue of the same 
properties and relations. 

1500. It may very properly be said with re- 
spect to the experiments, that the large nega- 
tive ball is as essential to the discharge as the 
small positive ball, and also that the large neg- 
ative ball shows as much superiority over the 
large positive ball (which is inefficient in caus- 
ing a spark from its opposed small negative 
ball) as the small positive ball does over the 
small negative ball; and probably when we un- 
derstand the real cause of the difference, and 
refei* it rather to the condition of the particles 
of the dielectric than to the sizes of the con- 
ducting balls, we may find much importance 
in such an observation. But for the present, 
and whilst engaged in investigating the point, 
we may admit, what is the fact, that the forces 
are of higher intensity at the surfaces of the 
smaller balls than at those of the larger (1372, 
1374); that the former, therefore, determine 
the discharge, by first rising up to that exalted 
condition which is necessary for it; and that, 
whether brou^t to this conation by inducticm 
towards the walls of a room or the large balls 
I have used, these may fairly be compel one 
with the other in their influence and actions. , 

1501. The conclusions I arrive at are: first, 
that when two equal small conducting surfaces 
equally placed in air are electrified, one posi- 
tively and the other negatively, that whi^ j|l 
negative can discharge to the air at a tenstoita 
little lower than that reqiured for the poritive 
ball: second, that when discharge does 
place, much more passes at each time from the 
positive tlian from the negative surface {1491). 
The last coftcjurion is very abundkii^^ 

by the optical analysis of the positive nop 
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x^iKttof^ychufMbeii^rf^^ twodiw^til(Mt.lf«6m8Qpio«i^ 

iOT’ times oftooier tiian tibe former;^ ing off brashes with raxoificatioss ten ixudiQB 

1^. If, now, a small ball be made to giw9 tong, how can the bell affect that part of a rami^ 
br^es or brushy sparks by a powerful ma- fieatioxi which is five inches from it? Yet the 
ehtee, we can, in some measure, understand portion beyond that place has the same char- 
1 ^ i^te the diff^nce perceiv^ whm it is acter as that preceding it, and no doubt has 
tendered positive or negative. It is known to that character impressed by the same general 
l^ve when positive a much larger and more principle and law. Looking upon the action of 
powerful sp^k than when negative, and with the contiguous particles of a dielectric as fully 
greater facility (1482): in fact, the spark, al* proved, 1 see, in such a ramification, a propa- 
thpugh it takes away so much more electricity gation of discharge from particle to particle, 
at once, commences at a tension higher ohly in each doing for the one next it what was done 
a small degree, if at all. On the other hand, if for it by the preceding particle, and what was 
i^dered negative, though discharge may oom- done for tlrntot particle by the charged metal 
mence at a lower degree, it continues but for a against which it was situated. ] 

very short period, very little electricity passing 1505. With respect to the general condition 

away each time. These circumstances are di- and relations of the positive and negativenrush- 
rectly related; for the extent to which the posi- es in dense or rare air, or in other media and 
live spark can reach, and the size and extent of gases, if they are produced at different Wes 
ibe positive brush, are consequences of the and places they are of course independent of 
capability which exists of much dectricity pass- each other. But when they are produced from 
ix|| off at one discharge from the positive sur- opposed ends or balls at the same time, in the 
face (1468, 1501). same vessel of gas (1470, 1477), they are fre- 

1503. But to refer these effects only to the quently related; and circumstances may be so 
fbnn and size of the conductor, would, accord- arranged that they shall be isochronous, occur- 
xng to my notion of induction, be a very im- ring in equal numbers in equal times; or shall 
pe^ect mode of viewing the whole question occur in multiples, i.e., with two or three nega- 
0623, 1600). I apprdhend that the effects are tives to one positive; or shall alternate, or be 
due fdtogether to the mode in which the parti- quite irregular. All these variations I have wit- 
cles of tiie inteiposed dielectric polarize, and I nessed; and when it is considered that the air 
have already given some expeiim^tal indica- in the vessel, and also the glass of the vessel, 
tions of the d^erences presented by different can take a momentary charge, it is easy to 
electrics in this respect (1475, 1476) . The modes comprehend their general nature and cause, 

of polarization, as I shall have occasion here- 
after to show, may be very diverse in different 1506. Similar experiments to those in air 
didectrics. With respect to ^common air, what (1485, 1498) were made in different gases, the 
ieexxiuB to be the consequence of a superiority in results of which 1 will describe as briefiy as 
the positive force at the surface of the small possible. The apparatus is represented PI. XI, 
t)0&} ulay be due to the more exdted condition Fig. ^ consisting of a bell-glass eleven inches 
iff W negative polarity of the partides of air, in diameter at the widest part, and ten and a 
Of of tho nitrogen in it (the n^ative part be- half inches h%h up to the bottom of the neck. 

p^haps, more compressed, whilst the pos- The balls areletteied, as in PL XI, Fig. and 
it^.part k mme diffuse, or moi& vena [1^7, are in the same rdation to each other; but A 
4bKD; for sud^ a condition could detenffineoer- and B were on separate sliding wires, which, 
teia effbete at the positive ban which would however, were generally joined by a cross wire, 
^ take ]^ce to tiie same degree at the nega- tn, above, and tiiat connected with the brass 
tivs tofi; just as well as if the positive ball 1^ conductor, which received its positive or nega- 
poisensed some lEip^oid and independent power tive charge from the machine. The rods of A 
^f itsewm ^ and B were graduated at tiie part moving 

' l6(Mu Tim that the effects are lAom thrcaigh the stuiBng-box, so that tiie applica- 

Hltoy to be depdident thedidectric than tion cl a diagonal s^e applied tbm told what 

; : ^ ^ ' was the dtotance between tiiese balls and these 

A wy ^ exambins the ttiatipn beneath them. As to the position of tiie bails in 



rmmm nmmmm m 


b«ii^4bim#e{Hamp|^ jBUd tbe 

<Ust»&oebetw^ aay.of ihei ball«ia&d the 
of the meh aftd three-quarters at least, 
and g^eraUy more. The balls A and D were two 
inehee in diam^, as before (1493); the balls 
B and C only 0.15 of an inch in diameter. 

Another a{>paratu8 was occasionally used in 
connection with that just described, being an 
open discharger (PL XI, Fig, 5), by which a 
comparison of the discharge in air and that in 
gases could be obtained. The balls E and F, 
each 0.6 of an inch in diameter, were connected 
with sliding rods and other balls, and were in- 
sulated. When used for comparison, the brass 
conductor was associated at the same time 
with the balls A and B of Figure 4 and ball E of 
this aj^aratus (Fig. 5 ) ; whilst the balls C, D and 
F were connected with the discharging train. 

1507. 1 will first tabulate the results as to the 
restraining power of the gases over discharge. 
The balls A and C (Fig, 4) were thrown out of 
action by distance, and the effects at B and D, 
or the interval n in the gas, compared with 
those at the interval p in the air, between E 
and F (Fig. 5). The table sufficiently explains 
itself. It will be understood that all discharge 
was in the air, when the interval there was less 
than that expressed in the first or third col- 
umns of figures; and all the discharge in the 
gas, when the interval in air was greater than 
that in the second or fourth column of figures. 
At intermediate distances the discharge was 
occasionally at both places, i.e., sometimes in 
the air, sometimes in the gas. 

Interval p io parta of an inch 

Constant When the small ball B When the small ball B 


interval n was induotrie and 

between jtontive the 

BandD * discharse was all 

1 inch at p in at n in the 

air before gaa after 

waainduotrioand 
negative the 
diHcbarge waa all 
at p in at ft in the 
air before gas lifter 

P ■* 

p - 

P - 

p - 

In Air 0.40 

0.50 

0.28 

0.83 

In Nitrogen 0.30 

0.65 

0.31 

0.40 

In Oxygen 0.33 

0.52 

0.27 

0.30 

In Hy<hrogen 0.20 

0.40 

0.22 

0.24 

In Coal gas 0.20 

In Garble 

0.90 

0.20 

0.27 

acid 0.64 

1.30 

0.30 

0.45 


1508. These results are the same generally, 
S8 far as they go, as those of the like nature in 
the last seriqs (1388), and confirm the oondu- 
sion that Afferent gases restrain discharge in 
very different proportions. They ore protobly 
not so good as the former ones, for, the glass 
jar not being varnished acted irreimlc^lyy aome- 
times taking Ik oortsm 4egr6e of <harge, as a 
non-omda(^« times acti^ as a 


(x>i:giucto in the 

of that diarge. Anc^ber cause of d^^eacO in 
the ratios is, no doubt, the relative sises of 
discharge balls in air; in the former case tlmy 
were of very different size, h«re they were alike. 

1509. In future experiments intended to have 
the character of accuracy, the influeuee of 
these circumstances ought to be ascertained, 
and, above all things, the gases themsdves 
ought to be contained in vessels of metal, and 
not of glass. 

1510. The next set of results are those ob- 
tained when the intervals n and o (PL XI, Fig, 
4) were made equal to each other, and relate to 
the greater facility of discharge at the small 
ball, when rendered positive or negative (1493). 

1511. In air, with the intervals =*0.4 of an 
inch, A and B l^ing inductric and positive, dis- 
charge was nearly equal at n and o; whmi A 
and B were inductric and negative, the dis- 
charge was mostly at n by negative brush. 
When the intervals were * 0.8 of an inch, with 
A and B inductric positively, all discharge was 
at n by positive brurfi; with A and B inductric 
negatively, all the discharge was at n by a neg- 
ative brush. It is doubtful, therefore from these 
results, whether thenegative ball basanygreatesr 
facility than the positive. 

1512. Nitrogen, Intervals n and o»0.4 of an 
inch: A, B inductric positive, discharge at both 
intervals, most at n, by positive sparks; A, B 
inductric negative, disch^ge equal at n mid o. 
The intervals made»0.8 of an inch: A, B in- 
ductric positive, discharge all at n by positive 
brush; A, B inductric negative, discharge most 
at 0 by positive bruidi. In this gas, th^^ore, 
though ^e difference is not dedsive, it would 
seem that the positive small ball caused the 
most ready discharge. 

1513. Oxygen, Intervds n and o«0.4 of an 
inch: A, B inductric positive, discharge nearly 
equal; inductric negative, discharge mostly at 
n by negative brush. Made the intervals »0.8 of 
an inch: A, B inductric positive, discharge ho&i 
at n and o; inductric negative, discharge all alt 
o by negative brush. So here the negative smaR 
ball seems to ^ve the most ready dischaige. 

1514. Intervals n and an 

inch: A, B inductric x>ositive, discharge mxsAf. 
eraal: inductric negative, disdiarge moit^ 

0. IntervElS4«6.8 of an inch: A and B 
positive, dischargemostly at n,afipo8itivebhub; 
inductric negative, discharge mostly at o, as 
positive bni^. Here the positive (Bseharge 
seetns most ladle. 
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1515. C&d gu6, n and d«0.4 of an moh; A, B 
indotitrie positive, discharge nearly all at o by 
negative spark: A, B inductric negative, dis- 
ehitfge nearly all at n by negative spark. In- 
terv^nO.8 of an inch, and A, B inductric 
positive, discharge mostly at o by negative 
brush: A, B inductric negative, discharge all at 
n by negative brush. Here the negative dis* 
charge most facile. 

1516. Carbonic acid gas, n and o»0.4 of an 
inch: A, B inductric positive, discharge nearly 
all at 0 , or negative: A, B inductric negative, 
discharge nearly all at n, or negative. Inter- 
vals ==0.8 of an inch: A, B inductric positive, 
discharge mostly at o, or negative: A, B induc- 
tric negative, discharge all at n, or negative. 
In this case the negative had a decided ad- 
vantage in facility of discharge. 

1517. Thus, if we may trust this form of 
e^pOrimcnt, the negative small ball has a de- 
dkied advantage in facilitating disruptive dis- 
charge over the positive small ball in some 
gases, as in carbonic acid gas and coal gas 
(1899), whilst in others that conclusion seems 
more doubtful; and in others, again, there 
seems a probability that the positive small ball 
may be superior. All these results were obtained 
at very neaiiy the same pressiue of the atmos- 
phere. 


1518. 1 made some experiments in these gases 
whilst in the air jar (PI. XI, Fig, 4), as to the 
change from spark to brush, analogous to those 
in the open air already described (1486, 1487). 
1 will give, in a table, the results as to when 
brush l^an to appear mingled with the spark; 
but the after results were so varied, and the nar 
ture of the discharge in different gases so dif- 
ferent, that to insert the results obtained with- 
out further investigation, would be of little 
use. At intervals less than those expressed the 
discharge was always by spark. 


Discharge Discharge 

between balls between 

B and D balls A and C 


Air 

Hitrpgen 

Oayfeen 

ij^orogen 

C^algas 

iQftiboiucacid 


Small 

ballB 

induo- 

trio 

P09, 

Small 

ballB 

induo- 

trio 

neg. 

liarge 
ball A 
induo- 
tric 

POB, 

Largo ball A 
inductrio neg. 

0.55 

0.30 

0.40 

0.75 

0.30 

0.40 

0.52 

0.41 

0.70 

0.20 

0.30 

0.10 

0.45 

0.82 

0.13 

0.30 

0.30 

0.14 

0.82 

0.43 

1.60 

above 1.80; 
had not 
stiaoe. 


1519. It is to be understood that sparks o©- 
eurred at much higher intervals than these; 
the table only expresses that distance beneath 
which all discharge was as spark. Some curious 
relations of the different gases to discharge are 
already disceniible, but it would be useless to 
consider them until illustrated by further ex- 
periments. 

1520. 1 ought not to omit noticing here, that 
Professor Belli of Milan has published a very 
valuable set of experiments on the relative dis- 
sipation of positive and negative electricity in 
the air;' he finds the latter far more ready, in 
this respect; than the former. [ 

1521. I made some experiments of a similar 
kind, but with sustained high charges; tke re- 
sults were less striking than those of Signore 
Belli, and I did not consider them as ^tis- 
factory. I may be allowed to mention, in Con- 
nexion with the subject, an interfering effect 
which embarrassed me for a long time, ’^en I 
threw positive electricity from a given point 
into the air, a certain intensity was indicated 
by an electrometer on the conductor connected 
with the point, but as the operation continued 
this intensity rose several degrees; then mak- 
ing the conductor negative with the same point 
attached to it, and all other things remaining 
the same, a certain degree of tension was ob- 
served in the first instance, which also gradu- 
ally rose as the operation proceeded. Returning 
the conductor to the positive state, the tension 
was at first low, but rose as before; and so also 
when again made negative. 

1522. This result appeared to indicate that 
the point which had been giving off one elec- 
tricity was, by that, more fitted for a short 
time to give off the other. But on closer exam- 
ination I found the whole depended upon the 
inductive reaction of that air, which being 
charged by the point, and gradually increasing 
in quantity before it, as the positive or nega- 
tive issue was continued, diverted and removed 
a part of the inductive action of the surround- 
ingwall,andthusapparentlyaffectedthepowers 
of the point, whilst really it was the dielectric 
itself that was causing the change of tension. 

1523. The results connected with the differ- 
ent conditions of positive and negative dis- 
diarge will have a far greater influence on the 
philosojAy of electrical science than we at pres- 
ent imagine, especially if, as I believe, they de- 
pend on the peculiarity and degree of polarised 

i Siblio(Mgus UmversdU,1i8^, September, p. 152. 
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condition which the molecules of the didectrics 
concerned acquire (1503, IGOO). Thus, for in- 
stance, the relation of our atmosphere and the 
earth within it, to the occurrence of spark or 
brush, must be especial and not accidental 
(1464). It would not else consist with other 
meteorological phenomena, also of course de- 
pendent on the special properties of the air, 
and which being themselves in harmony the 
most perfect with the functions of animal and 
vegetable life, are yet restricted in their ac- 
tions, not by loose regulations, but by laws the 
most precise. 

1624. Even in the passage through air of the 
voltaic current we see the peculiarities of posi- 
tive and negative discharge at the two char- 
coal points; and if these discharges are made to 
take place simultaneously to mercury, the dis- 
tinction is still more remarkable, both as to the 
sound and the quantity of vapour produced. 

1525. It seems very possible that the remark- 
able difference recently observed and described 
by my friend Professor Daniell,^ namely that 
when a zinc and a copper ball, the same in size, 
were placed respectively in copper and zinc 
spheres, also the same in size, and excited by 
electrolytes or dielectrics of the same strength 
and nature, the zinc ball far surpassed the zinc 
sphere in action, may also be connected with 
these phenomena; for it is not difRcult to con- 
ceive how the polarity of the particles shall be 
affected by the circumstance of the positive 
surface, namely the zinc, being the larger or 
the smaller of the two inclosing the electrolyte. 
It is even possible, that with different electro- 
lytes or dielectrics the ratio may be consider- 
ably varied, or in some cases even inverted. 

OUnv Discharge 

1626. That form of disruptive discharge which 
appears as a glow (1359, 1405), is very peculiar 
and beautiful: it seems to depend on a quick 
and almost continuous charging of the air close 
to, and in contact with, the conductor. 

1527. Diminution of the charging surface will 
produce it. Thus, when a rod 0.3 of an inch in 
diameter, with a rounded termination, was ren- 
dered positive in free air, it gave fine brushes 
from the extremity, but Occasionally these dis- 
appeared, and a quiet phosphorescent continu- 
ous glow took their place, covering the whole 
of the end of the wire, and extending a very 
small distance from the metal into the air. With 
a rod 0.2 of an inch in diameter the ^ow was 
Jaore readily produced. With still smaller rods, 

^ PhUoaopMeid Transaeti&M, 1838, p. 47. 
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and also with blunt conical points, it occurred 
still more readily; and with a fine point I could 
not obtain the brush in free air, but only this 
glow. The positive glow and the positive star 
are, in fact, the same. 

1528. Increase of power in the machine tends 
to produce the glow; for rounded terminations 
which will give only brushes when the machine 
is in weak action, will readily give the glow 
when it is in good order. 

1529. Rarefaction of the air wonderfully fa- 
vours the glow phenomena. A brass ball, two 
and a half inches in diameter, being made posi- 
tively inductric in an air-pump receiver, be- 
came covered with glow over an area of two 
inches in diameter, when the pressure was 
reduced to 4.4 inches of mercury. By a little 
adjustment the ball could be covered all over 
with this light. Using a brass ball 1.25 inches in 
diameter, and making it inducteously positive 
by an inductric negative point, the phenomena, 
at high degrees of rarefaction, were exceedingly 
beautiful. The glow came over the positive 
ball, and gradually increased in brightness, un- 
til it was at last very luminous; and it also 
stood up like a low flame, half an inch or more 
in height. On touching the sides of the glass jar 
this lambent flame was affected, assumed a 
ring form, like a crown on the top of the ball, 
appeared flexible, and revolved with a com- 
paratively slow motion, i.e., about four or five 
times in a second. This ring-shape and revolu- 
tion are beautifully connected with the me- 
chanical currents (1576) taking place within 
the receiver. These glows in rarefied air are 
often highly exalted in beauty by a spark dis- 
charge at the conductor (1551, note), 

1530. To obtain a negative glow in air at com- 
mon pressures is difficult. I did not procure it 
on the rod 0.3 of an inch in diameter by my 
machine, nor on much smaller rods; and it is 
questionable as yet, whether, even on fine points, 
what is called the negative star is a very re- 
duced and minute, but still intermitting brush, 
or a glow similar to that obtained on a positive 
point. 

1531. In rarefied air the negative glow can 
easily be obtained. If the rounded ends of two 
metd rods, about 0.2 of an inch in diameter, 
are introduced into a globe or jar (theair within 
being rarefied), and bemg opposite to each 
other, are about four inches apart, the glow 
can 1^ obtained on both rods, covering 
only the ends, but an inch or two of the part 
behind. On using halls in the aiispuxnp jar, and 
adjo^gthedistanceandeachauetio&ithenegs^ 


EIJ5X3TWGITy 



m wmmAT 


live ball 001:^4 be covered with whether 
it were the Muetric or the indacteoue surfaoe. 
. 1532. When rods are used it is necessary to 
he sware that, if placed conc^trically in the 
jar or gjobe, the light on one rod is often re- 
ieeted by the sides of the vessel on to the other 
todi end makes it apparently luminous, when 
reeiUy it is not so. Ihis effect may be detected 
by shifting the eye at the time of observation, 
or avoided by using blackened rods. 

. 1533. It is curious to observe the relation of 
glow^ bruahj and spark to each other, as pro- 
duct by positive or negative surfaces; thus, 
beginning with spark discharge, it passes into 
brush much sooner when the surface at which 
the discharge commences (1484) is negative, 
than it does when positive; but proceeding on- 
wards in the order of change, we find that the 
positive brush passes into glow long before the 
jMgative brush does. So that, though each pre- 
sents the three conditions in the same general 
Older, the series are not precisely the same. It 
is probable, that, when these points are mi- 
nutely examined, as they must be shortly, we 
shall find that each different gas or dielectric 
presents its own peculiar results, dependent 
upon the mode in which its particles assume 
polar electric condition. 

1534. The glow occurs in all gases in which 
I have looked for it. These are air, nitrogen, 
oxyg^, hydrogen, coal gas, carbonic acid, 
muriatic acid, sulphurous acid and ammonia. I 
thought also that I obtained it in oil of turpen- 
tine, but if so it was very dull and small. 

.1535. The glow is always accompanied by a 
wind proceeding either dir^Uy out from the 
glowing part, or directly towards it; the former 
hmg the most general case. This takes place 
eyw when the ^ow occurs upon a ball of con- 
siderable sise: and if matters be so arranged 
tbat tbe ready and regular access of air to a 
part exhibiting the glow be interfered witii or 
prevmted, the glow then disappears. 

1536. 1 have never been able to analyse or 
snwiate the i^ow into visible elementary in- 
t€Hinitting (fischarges (1427, 1433), nor to ob- 
the other evidence of intermitting action, 
nsdpoely an audible sound (1431). The want of 
success, asreepects tnalsnuuleby ocularmeans^ 
d^»Bid upon the large sise of the glow 
^ Ideating theseparation the visible images: 
and, indent if H does intermit, it is not UMy 
tfiat ail paHs intermit at once witi^ a 
^ lesrulaiitv. 

j f{ 1^. the eSMs tend to. diQW, that glow 
l contpunnts ebaage nr discharge of 


air; in the fmim case hemg wx^panied by a 
current from, and in the latter by one to, ^ 
place of the glow. As the surrounding air comes 
up to the charged conductor, on attaining thjEd* 
Bpot at which the tension of the particles is 
raised to the sufficient degree (1370, 1410), it 
becomes charged, and then moves off, by the 
joint action of the forces to which it is subject; 
and, at the same time that it makes way for 
other particles to come and be charged in turn, 
actually helps to form that current by which 
they are brought into the necessary position. 
Thus, through the regularity of the forces, a 
constant and quiet result is produced; and that 
r^ult is, tbai^rging of successive portions of 
air, the production of a current, and of [a con- 
tinuous glow. 

1538. I have frequently been able to Wake 
the termination of a rod, which, when left to 
itself, would produce a brush, produce in pref- 
erence a glow, simply by aiding the form^on 
of a current of air at its extremity; and, on the 
other hand, it is not at all difficult to convert 
the glow into brushes, by affecting the current 
of air (1574, 1579) or the inductive action 
near it. 

1539. The transition from glow, on the one 
hand, to brush and spark, on the other, apd, 
therefore, their connexion, may be estal^hed 
in various ways. Those circumstances which 
tend to facilitate the charge of the air by the 
exdted conductor, and al^ those which tend 
to keep the tension at the same degree notwith- 
standing the discharge, assist in producing the 
glow; whereas those which tend to resist the 
charge of the air or other dielectric, and those 
which favour the accumulation of electric force 
prior to discharge, which, sinking by that act, 
has to be exalted before the tension can again 
acquire the requisite degree, favour intermit- 
ting discharge, and, therefore, the production 
of brush or spark. Thus, rarefaction of the air, 
the removal of large conducting surfaces from 
the neighbourhood of the glowing termination, 
the presentation of a sharp point towards it, 
help to sustain m produce the glow: but the 
condensation of the sir, the presentation of the 
hand or other lar^ surface, the gmdual ap- 
proximation ctf a discharging ball, tend to oon^ 
vert the into brush or even Bpax}u AU 
these circumstances may be traoedand reduced, 
inamanner easily comprelumsibl^ to thw retar 
tivepowerofa88istingtoproduce,mtha’ac<mtfn- 
mms discharge to the air, which gives the ^ow; 
or antntemiplsdone, which produceathe 

and, in a more eaeaW copditimi, the 





16^, Thexotinded efid of o br^rodi'Q^^^f 
aaindfai in <&i&^y vm eoreredirith a poA* 
tive glow by tho working of an electrical mar 
chine: on stopping the machine, so that the 
charge of the connected conductor should fall, 
the glow changed for a moment into brushes 
just before the discharge ceased altogether, il- 
lustrating the necessity for a certain high con- 
tinuous cWge, for a certain sized termination. 
Working the machine so that the intensity should 
be just low enough to give continual brushes 
from the end in free air, the approach of a fine 
point changed these brumes into a glow. Work- 
ing the machine so that the termination pre- 
sented a continual glow in free air, the gradual 
approach of the hand caused the glow to con- 
tract at the very end of the wire, then to throw 
out a luminous point, which, becoming a foot 
stalk (1426) , finally produced brushes with large 
ramifications. All these results are in accord- 
ance with what is stated above (1539). 

1541. Greasing the end of a rounded wire 
will immediately make it produce brushes in- 
stead of glow. A ball having a blunt point 
which can be made to project more or less be- 
yond its surface, at pleasure, can be made to 
produce every gradation from glow, through 
brush, to spark. 

1542. It is also very interesting and instruo 
tive to trace the transition from spark to glow, 
through the intermediate condition of stream, 
between ends in a vessel containing air more or 
less rarefied; but 1 fear to be prolix. 

1543. All the effects show, that the glow is in 
its nature exactly the same as the luminous 
part of a brush or ramification, namely a charg- 
ing of air; the only difference being, that the 
glow has a ccmtinuous appearance from the 
constant renewal of the same action in the 
same place, whereas the ramification is due to 
a moment^, independent and intermitting 
action of the same kind. 

Dark Dkcharge. 

1544. I will now notice a very remarkaUe 
circumstance in the luminous discharge accom- 
panied by negative glow, which may, perhaps, 
be correc^y traced hereafter into c&charges of 
much higher intensity. Two brass rods, 0*8 of 
an boh in dameter, entering a glass globe on 
opposite sides, had their ends brought mto con- 
tact, and the air about them very mrx(k rare- 
hed. A discharge of electrioity from the ma- 
chine w«u3 then made through &em, and whilst 
that Was pbntim^ the ei^ were setaaiiated 
from eatf othec. At the moment of separation 


a cbntimibUi g|iow eabe the ebd Of thb 
negative rod, the positive termination ransdbe* 
ing quite dark. As the dic^ce was bcreasCd^ 
a purple stream or haze appeared on the end of 
the positive rod, and proceeded directly outr 
wards towards the negative rod; elongating as 
the interval was enlarged, but never joining 
the negative glow, there bting always a short 
dark space between. This space, of about Krth 
or Hoth of an inch, was apparently invariable 
in its extent and its position, relative to the 
negative rod; nor did the negative glow vary. 
Whether the negative end where inductric or 
mducteous, the same effect was produced. It 
was strange to see the positive purple haze 
diminish or len^hen as the ends were sepa- 
rated, and yet this dark space and the negative 
glow remain unaltered (PI. XI, Fig. 6). 

1545. Two balls were then used in a large 
air-pump receiver, and the air rarefied. The 
usual transitions b the character of the dis- 
charge took place; but whenever the luminous 
stream, which appears after the spark and the 
brush have ceas^, was itself changed bto glow 
at the balls, the dark space occurred, and that 
whether the one or the other ball was made b- 
ductric, or positive, or negative. 

1546. Sometimes when the negative ball was 
large, the machine in powerbl action, and the 
rarefaction high, the ball would be covered over 
half its surface with glow, and then, upon a 
hasty observation, would seem to exhibt ho 
dark space: but this was a deception, aiismg 
from the overlapping of the convex termba- 
tion of the negative glow and the concave 
termination of the positive stream. More care- 
ful observation and experiment have convinced 
me, that when the negative glow occurs, ii 
never visibly touches the luminous part of the 
positive discharge, but that the dark space is 
always there. 

1547. This singular i^paration of the posi* 
tive and negative discharge, as far as concerns 
their luminous character, under circumstances 
which one would have thought very favourable 
to their coalescence, is prob^ly connected with 
their diff^^ces when in the form of brus^, 
and is perhaps evm dependent on the Sanie 
cause. Farther, there is every likelihood that, 
the dark parts which occur b feeble sparks 
also connected with these phmomena.^ Tb Unr‘ 
derstand them would be very important, 

is quite dear that in many of the expetibent^ 
bdeed b aU that I have quoted, dlsoharge k 

^'See Ptclesm Jobn8on*8 expedment^ 

Ji&umal, 30£v, p. 57. 
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taJdng plibce aeroeis the dark part of the dieleo* 
ino to an extent quite ^ual to what occurs in 
the luminous part. This difference in the re- 
sult would seem to imply a distinction in the 
modes by which the two electric forces are 
brou^t into equilibrium in the respective parts; 
and looking upon all the phenomena as giving 
adcUtional proofs, that it is to the condition of 
the particles of the dielectric we must refer for 
the principles of induction and discharge, so it 
would be of great importance if we could know 
accurately in what the difference of action in 
ti^e dark and the luminous parts consisted. 

1548. The dark discharge through air (1552), 
which in the case mentioned is very evident 
(1544), leads to the inquiry, whether the par^ 
tides of air are generally capable of effecting 
discharge from one to another without becom- 
ing luminous; and the inquiry is important, be- 
cause it is connected with that degree of t^- 
sion which is necessary to originate discharge 
(1368, 1370). Discharge between air and con- 
dudor^ without luminous appearances are very 
common ; and non-luminous discharges by carry- 
ing currents of air and other fluids (1562, 1595) 
are also common enough: but these are not 
cases in point, for they are not discharges be- 
tween insulating particles. 

1549. An arrangement was made for dis- 
charge between two balls (1485) (PI. XI, Fig, 

but, in place of connecting the inducteous 
b^ directly with the discharging train, it was 
put in communication with the inside coating 
of a Leyden jar, and the discharging train with 
the outside coating. Then working the mar 
chine, it was found that whenever sonorous 
and luminous discharge occurred at the balls 
A B, the jar became charged; but that when 
these did not occur, the jar acquired no charge: 
and such was the case when small rounded ter- 
minations were used in place of the balls, and 
also in whatever manner they were arranged. 
Under these circumstances, therefore, discharge 
even between the air and conductors was al- 
ways luminous. 

1550. But in other cases, the phenom^ia are 
such as to mske it almost certain that dark dis- 
cibaige can take place across air. If the rounded 
end of am^al r^, 0.15 of an inch in diameter, 
be made to give a good native brush, the ap- 
proach of a smaller end or a blunt point op* 
pofiote to it will, at a certain distance, cause a 
diminution of the brush, and a glow will appear 
ma ^ positive inducteous wire, accompanied 
l:^a current of m passing from it. Now, as the 
mr 18 being charg^ both at the positive and 


negative surfaces, it seems a reasonable con- 
clusion, that the charged portions meet some- 
where in the interval, and there discharge to 
each other, without producing any luminous 
phenomena. It is possible, however, that the 
air electrified positively at the glowing end 
may travel on towards the negative surface, 
and actually form that atmosphere into which 
the visible negative brushes dart, in which case 
dark discharge need not, of necessity, occur. 
But I incline to the former opinion, and think, 
that the diminution in size of the negative 
brush, as the positive glow comes on to the end 
of the opposed wire, is in favour of that view. 

1551. Using rjarefied air as the dielectriq, it is 
very easy to obtain luminous phenomei 
brushes, or glow, upon both conducting \ 

or terminations, whilst the interval is 
and that, when the action is so moment 
that I think we cannot consider currents i 
fecting discharge across the dark part. ThuV if 
two balls, about an inch in diameter, and 4 or 
more inches apart, have the air rarefied about 
them, and are then interposed in the course of 
discharge, an interrupted or spark current be- 
ing produced at the machine,^ each termination 
may be made to show luminous phenomena, 
whilst more or less of the interval is quite dark. 
The discharge will pass as suddenly as a re- 
tarded spark (295, 334), i.e., in an interval of 
time almost inappreciably small, and in such a 
case, I think it must have passed across the 
dark part as true disruptive discharge, and not 
by convection. 

1552. Hence I conclude that dark disruptive 
discharge may occur (1547, 1550); and also, 
that, in the luminous brush, the visible rami- 
fications may not show the full extent of the 
disruptive discharge (1444, 1452) , but that each 
may have a dark outside, enveloping, as it 
were, every part through which the discharge 
extends. It is probable, even, that there are 
such things as dark discharges analogous in 
form to the brush and the spark, but not lumi- 
nous in any part (1446). 

1553. The occurrence of dark discharge in 
any case shows at how low a tension disruptive 
discharge may occur (1548), and indicates that 
tiie light of the ultimate brush or spark is in no 
relation to the intensity required (1368, 1370). 
So to speak, the discharge begins in darkness, 
and the light is a mere consequence of the 

1 By spark current I mean one passing in a series 
of spark between the conductor of the machine mo 
the apparatus: by a continuous current one that 
passes through metallic conductors, and in that re- 
spect without interruption at the same place. 
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quantitywMdi, after disohai^liasooi^^ 
flows to t2iat sp^t and there finds its most fsr 
die passage (1418« 1435). As an illustration of 
the growth generally of discharge, I may re- 
mark that, in the experiments on the transition 
in oxygen of the discharge from spark to brush 
(1518), every spark was immediately preceded 
by a short , brush, 

1554. The phenomena relative to dark dis- 
charge in other gases, though differing in cer- 
tain characters from those in air, confirm the 
conclusions drawn above. The two rounded 
terminations (1544) (PI. XI, Fig, 6 ) , were placed 
in muriatic acid gas (1445, 1463) at the pressure 
of 6.5 inches of mercury, and a continuous ma- 
chine current of electricity sent through the 
apparatus: bright sparks occurred until the in- 
terval was about or above an inch, when they 
were replaced by squat brushy intermitting 
glows upon both terminations, with a dark 
part between. When the current at the ma- 
chine was in spark, then each spark caused a 
discharge across the muriatic acid gas, which, 
with a certain interval, was bright ; with a larger 
interval, was straight across and flamy, like a 
very exhausted and sudden, but not a dense 
sharp spark; and with a still larger interval, 
produced a feeble brush on the inductric posi- 
tive end, and a glow on the inducteous nega- 
tive end, the dark part being between (1544); 
and at such times, the spark at the conductor, 
instead of being sudden and sonorous, was dull 
and quiet (334). 

1555. On introducing more muriatic acid gas, 
until the pressure was 29.97 inches, the same 
terminations gave bright sparks within at small 
distances; but when they were about an inch 
or more apart, the discharge was generally with 
very small brushes and glow, and frequently 
with no light at all, though electricity had 
passed through the gas. Whenever the bright 
spark did pass through the muriatic acid gas at 
this pressure, it was bright throughout, pre- 
senting no dark or dull space. 

1556. In coal gas, at common pressures, when 
the distance was about an inch, the discharge 
was accompanied by short brushes on the ends, 
and a dark interval of half an inch or more be- 
tween them, notwithstanding the discharge had 
the sharp quick sound of a dull spark, and 
could not have depended in the dark part on 
convection (1562). 

1557. This gas presents several curious points 
in relation to the bright and dark parts of spark 
discharge. Wh^ bright sparks passed between 
the rod ends 0.3 of an inch in diameter (1544), 


very suddaa dark parts would oecm next to 
the hrightei^ portions of the spark. Again, with 
these ^ds and also with balls (1422), the Mght 
sparks would be sometimes red, sometimes 
green, and occasionally green and red in differ- 
ent parts of the same spark. Again, in the ex- 
periments described (1518), at certain inter- 
vals a very peculiar pale, dull, yet sudden dis- 
charge would pass, which, though apparently 
weak, was very direct in its course, and accom- 
panied by a sharp snapping noise, as if quick in 
its occurrence. 

1558. Hydrogen frequently gave peculiar 
sparks, one part being bright red, whilst the 
other was a dull pale gray, or else the whole 
spark was dull and peculiar. 

1559. Nitrogen presented a very remarkable 
discharge, between two balls of the respective 
diameters of 0.16 and 2 inches (1506, 1618), 
the smaller one being rendered negative either 
directly or inducteously . The peculiar discharge 
occurs at intervals between 0.42 and 0.68, and 
even at 1.4 inches when the large ball was in- 
ductric positively; it consisted of a little brushy 
part on the small negative ball, then a dark 
space, and lastly a dull straight line on the 
large positive ball (PL XI, Fig, 7), The posi- 
tion of the dark space was very constant, and 
is probably in direct relation to the dark space 
described when negative glow was produced 
(1644). When by any circumstance a bright 
spark was determined, the contrast with the 
peculiar spark described was very striking; for 
it always had a faint purple part, but the place 
of this part was constantly near the positive 
ball. 

1560. Thus dark discharge appears to be de- 
cidedly established. But its establishment is ac- 
companied by proofs that it occurs in different 
degrees and modes in different gases. Hence 
then another speciflc action, added to the many 
(1296, 1398, 1399, 1423, 1464, 1603) by which 
the electrical relations of insulating dielectrics 
are distinguished and established, and another 
argument in favour of that molecular theory 
of induction, which is at present under exam- 
ination.^^ 

1561. What I have had to say regarding cfis- 
ruptive discharge has extended to some length, 
but I hope will be excused in consequence of 
theimportanceofthesubject.Beforecondiuding 
my remarks, I will again intimate in ih& f<xrm 

1 1 cannot rcrist referring here by a note to BjoVs 
plnloaophioal view of the nature of the lisht of 
elefctrio diaoharge. AnnaUs do Uu, 
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tbe %mkm or retontion aod after die- 
^tge m ^ or other inaulating dielectrics, to 
toe same thing with retardation and discharge 
in a metal wire, differing only, but almost in- 
finitdy, in degree (1334, 1336). In other words, 
c^'we not, by a gradual chain of association, 
otory tip discharge from its occurrence in air^ 
through spermaceti and water, to solutions, 
and then on to chlorides, oxides and metals, 
without any essential change in its character; 
and, at the same time, connecting the insen- 
sible conduction of air, through muriatic acid 
gas and the dark discharge, with the better 
conduction of spermaceti, water, and the all 
but perfect conduction of the metals, associate 
toe phenomena at both extremes? and may it 
not be, that the retardation and ignition of a 
wire are effects exactly correspondent in their 
nature to the retention of charge and spark in 
flir? If BO, here again the two extremes in prop- 
erty amongst dirieotrics will be found to be in 
intimate relation, the whole difference prob- 
ably dep^ding upon the mode and degree in 
which their particles polarize under the influ- 
ence of inductive actions (1338, 1603, 1610). 

f X. Cmfectiorif or Carrying Discharge 

1562. The last kind of discharge which I 
have to consider is that effected by the motion 
tA chaiged particles from place to place. It is 
apparently very different in its nature to any 

the former modes of discharge (1319), but, 
as the result is the same, may be of great im- 
portance in illustrating, not merely the nature 
of discharge itself, but also of what we call the 
Metric curr^t. It often, as^ before observed, 
in cases of brush and glow (1440, 1535), joins 
its effect to that of disruptive discharge, to 
j6om{dete the act of neutralization amongst the 
electric forces. 

1563. The particles which bring charged, then 
trovri, may be either of insulatmg or conduct- 
hgg matter, large or small. The consideration 
in too&st place of a large particle of conduct- 
mg matter may perhaps help our conceptions. 

1564. A copper boiler 3 feet in diameter was 
insulated and electrified, but so feebly that dis- 
rijtofacm by toutoes or disruptive dischaige did 
jito occur at its edges Cr projecting parts in a 
aenribie degree. A brass ball, 2 inches in di- 
ameter, suspended by a cleah white silk thread, 
was brought towaids it, and it was found that, 

^ ball was held t<x a second or two near 
part of the charged soriace of the boiler, at 
distance (two inefaes store or less) as nto 


to receive any diretoriiaige'fto^ 
itself (harged, totitough ksbU^ toe whole 
time; and its electricity was the rmrmxA that 
of the boiler. 

1565. This effect was the strongest opposite 

the edges and projecting parts of the boiler, 
and weaker opposite the sides, or those to- 
tended portions of the surface wkeh, according 
to Cotdomb’s results, have the weakest charge. 
It was very strong opposite a rod projecting a 
little way the boiler. It occuri^ when the 
copper was charged negatively as well as posi- 
tivriy: it was produced also with small balls 
down to 0.2 of an inch and less in diameter, 
and also with smaller charged conductors than 
the copper.* K is, indeed, hardly possible in 
some cases to carry an insulated ball within an 
inch or two of a char^ plane or convex sur- 
face without its receiving a charge of theWn- 
trary kind to that of the surface. \ 

1566. This effect is one of induction bet^mn 
the bodies, not of communication. The ball, 
when related to the positive charged surface by 
the intervening dielectric, has its opposite sides 
brought into contrary states, that side towards 
the boiler being negative and the outer side 
positive. More inductric action is directed to- 
wards it than would have passed across the 
same place if the ball had not been there, for 
severd reasons; amongst others, because, be- 
ing a conductor, the resistance of the particles 
of the dielectric, which otherwise would have 
been there, is removed (1298); and also, be- 
cause the reacting positive surface of the ball 
bemg projected farther out from the boiler 
than when there is no introduction of conduct- 
ing matter, is more free therefore to act through 
the rest of the dielectric towards surrounding 
conductors, and so favours the exaltation of 
that inductric polarity which is directed in its 
course. It is, as to the exaltation of force upon 
its outer surface beyond that upon the induc- 
tric surface of the boiler, as if the latter were 
itself protuberant in that direction. Thus it ac- 
quires a state like, but higher than, that of the 
surface of the boiler which causes it; and suf- 
ficiently exalted to discharge at its positive sur- 
face to the mr, or to affect small {articles, as it 
is itsdf affeotto by the boiler, and they flying 
to it, take a charge and pass off; and so the 
ball, as a whrie, is brought into ihe codtrary 
inducteous state. The consequence is,' that, if 
free to move, its tendency, under the influence 
of all the iorolBB, : to approach the boiler is in- 
afoaoBd, whUst it to the same time becomes 
latore azid more exalted in its cemditkm, both of 
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p6Uutity and alb a dia- 

taaee, diadiarge talm pla^, it aoquim tiiia 
same abate as &e boiler, is reeled, and pasa- 
ioEg to that oonduetor moat favouraUy eircum- 
stanoed to discharge it, there resumes its first 
indifferent condition. 

1567. It seems to me, that the maimer in 
which inductric bodies affect uncharged float- 
ing or moveable conductors near them, is very 
frequently of this nature, and generally so when 
it Bids in a canning operation (1562, 1602). 
The manner in which, whilst the dominant in- 
ductrio body cannot give off its electricity to 
the air, the inducteous body can effect the dis- 
charge of the same kind of force, is curious, 
and, in the case of elongated or irregularly 
shaped conductors, such as filaments or parti- 
cles of dust, the effect will often be very ready, 
and the consequent attraction immolate. 

1568. The effect described is also probably 
influential in causing those variations in spark 
discharge referred to in the last series (1386, 
1390, 1391) : for if a particle of dust were drawn 
towards the axis of induction between the balls, 
it would tend, whilst at some distance from 
that axis, to commence discharge at itself, in 
the manner described (1566), and that com- 
mencement might so far facilitate the act (1417, 
1420) as to make the complete discharge, as 
spark, pass through the particle, thou^ it 
might not be the shortest course from ball to 
ball. So also, with equal balls at equal dis- 
tances, as in the experiments of comparison al- 
ready described (1493, 1506), a particle being 
between one pair of balls would cause discharge 
there in preference; or even if a particle were 
between each, difference of sise or shape would 
give one for the time a predominance over the 
other. 

1569. The power of particles of dust to carry 
off electricity in cases of high tension is well 
known, and I have already mentioned some in- 
stances of the kind in the use of the inductive 
apparatus (1201). The general operation is very 
well shown by large light objects, as the toy 
called the electrical spider; or, if smaller ones 
are wanted for philosophical investigation, by 
the smoke of a glowing greeh wax taper, which, 
presenting a successive stream of such parti- 
cles, makes tiieir course visible. 

1570. On using oU of turpentine as the di- 

dectric, the action and course of small con- 
ducting carrying particles in it can be well ob- 
served. A few short pieoes of thread will supply 
the place of caedeae, and their progressive ac- 
tion isieicQoedmi^ i : 


iSSh A strlkmgeffert bn 

oil (ff turpentine, which, whether it was doe te 
the carrying power of the ps^cles in it, or to 
any other action of them, is perhaps as yrt 
doubtful. A portion of that fluid in a glass ves- 
sel had a large uninsulated diver dii^ at the 
bottom, and an electrified metal rod with a 
round termination dipping into it at tlie'top. 
The insulation was very gM>d, and the attrac- 
tion and other phenomena striking. The rod 
end, with a drop of gum water attached to it; 
was then electrified in the fluid; the gum water 
soon spun off in fine threads, and was quickly 
dissipated through the oil of turpentine. By 
the time that four drops had in this way been 
commingled with a pint of the dielectric, the 
latter had lost by far the greatest portion of its 
insulating power; no sparks could be obtained 
in the fluid; and all the phenomena dependent 
upon insulation had sunk to a low degree. The 
fluid was very slightly turbid. Upon being fil- 
tered through paper only, it resumed its first 
clearness, and now insulated as well as before. 
The water, therefore, was merely diffused 
through the oil of turpentine, not combined 
with or dissolved in it: but whether the minute 
particles acted as carriers, or whether they 
were not rather gathered together in the line of 
highest inductive tension (1350), and there, 
being drawn into elongated forms by the elec- 
tric forces, combined their effects to produce a 
band of matter having considerable conduct- 
ing power, as compared with the oil of turpen- 
tine, is as yet questionable. 

1572. The analogy between the action of 
solid conducting carrying particles and that of 
the charged particles of fluid insulating sub- 
stances, acting as didectrics, is very evident 
and simple; but in the latter cose the result is, 
necessarily, currents in the mobile media* Par- 
ticles are brought by inductric action into a 
polar state; and the latter after rising to a cer- 
tain tension (1370), is followed by the com- 
munication of a part of the force originally on 
the conductor; the particles ccmsequently be- 
come charged, and then, under the joint influ- 
ence of the repellent and attractive forces, are 
urged towards a discharging place, or to tl^ 
spot where these inductric forces are most eai^ 
compensated by the contrary inducteous fbrpes*^ 

' ' ‘/'u' 

1&73. Vfh7 a point i^uM be eo 
favoorabler to tto pnxbiGlaoa of enneiila to a 
fluid ioniiating di^tric, as air, 
dent. It k at tbe extremity of tba pc^ that 
the ixkensity neoeeKury to idUHgetitoairia&et 
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acquired (L374); it is Ir^ tbeoce that the 
dharged partida recedes; and the meehanieal 
force which it impresses on the air to form a 
eurrent is in every way favoured by the shape 
and position of the rod, of which the point 
forans the termination. At the same time, the 
point, having become the origin of an active 
mechanical force, does, by the very act of caus- 
ing that force, namely, by discharge, prevent 
any other part of the rod from acquiring the 
same necessary condition, and so preserves and 
sustains its own predominance. 

, 1574. The very varied and beautiful j^ie- 
nomena produced by sheltering or enclosing 
the point, illustrate the production of the cur- 
rent exc^ingly well, and justify the same 
conclusimis; it being remembered that in such 
cases the effect upon the discharge is of two 
kinds. For the current may be interfered with 
by stopping the access of fredh uncharged air, 
or retarding the removal of that which has 
been charged, as when a point is electrified in a 
tube of insulating matter closed at one extrem- 
ity; or the electric emd^Uion of the point itself 
may be altered by the relation of other parts in 
its neighbourhood, also rendered electric, as 
when the pmnt is in a metal tube, by the metal 
itself, or when it is in the glass tube, by a simi- 
lar a^ion of the charged parts of the glass, or 
even by the surrounding air which has been 
charged, and which cannot escape. 

1676. Whenever it is intended to observe 
such inductive phenomena in a fiuid dielectric 
as have a direct relation to, and dependence 
upon, the fluidity of the medium, such, for in- 
stance, as discharge from points, or attractions 
and repulsions, 4:c., then the mass of the fluid 
diould be great, and in such proportion to the 
distance between the inductiic and inducteous 
surfaces as to include all the lines of inductive 
force (1369) between them; otherwise, the ef- 
fects of currents, attraction, &c., which are the 
resultants of all these forces, cannot be ob- 
tained. The phenomena which occur in the 
air, or in the middle of a globe filled with 
oH of turpentine, will not take place in the 
same media if confined in tubes of glass, shel- 
lac, sulphur, or other such substances, though 
thay be excdlent insulating dielectrics; ncff can 
they be expected: for in such cases, the polar 
forces, instead of being all dispers^ amongst 
fluid particles which taid to move under their 
influenoe, are now associated in many parts 
partidesihat, notwithstanding their tend- 
ency to motion, are eemstrained by their solid- 
ity to remain quiesicmit. 


1576. Thevaiteddieumstaiicesunderwhich, 
with conductors differently formed and con- 
stituted, currents mi occur, all illustrate the 
same simplicity of production. A baUj if the in- 
tensity be raised suflSciently on its surface, and 
that intensity be greatest on a part consistent 
with the production of a current of air up to 
and off from it, will produce the effect like a 
point (1537); such is the case whenev^ the 
glow occurs upon a ball, the current being es- 
sential to that phenomenon. If as large a sphere 
as can well be employed with the production of 
glow be used, the glow will appear at the place 
where the current loaves the ball, and that will 
be the part directly opposite to the connection 
of the ball aAcf rod which supports it; but by 
increasing the tension elsewhere, so as to raise 
it above the tension upon that spot, whichWn 
easily be effected inductively, then the placfe of 
the ^ow and the direction of the current will 
also change, and pass to that spot which for 
the time is most favourable for their produc- 
tion (1591), 

1577. For instance, approaching the hand 
towards the ball will tend to cause brush ( 1 539) , 
but by increasing the supply of electricity the 
condition of glow may preserved; then on 
moving the hand about from side to side the 
position of the glow will very evidently move 
with it, 

1578. A point brought towards a glowing 
ball would at twelve or fourteen inclies dis- 
tance make the glow break into brush, but 
when still nearer, glow was reproduced, prob- 
ably dependent upon the discharge of wind or 
air passing from the point to the ball, and this 
glow was very obedient to the motion of the 
point, following it in every direction. 

1579. Even a current of wind could affect 
the place of the glow; for a varnished glass tube 
being directed sideways towards the ball, air 
was sometimes blown through it at the ball 
and sometimes not. In the former case, the 
place of the glow was changed a little, as if it 
were blown away by the current, and this is 
just the result which might have been antici- 
pated. All these effects illustrate beautifully the 
general causes and relations, both of the glow 
and the current of air accompanying it (1574). 

1680. Flame facilitates the production of a 
eurrent in the dielectric surrounding it. Thus, 
if a ball which would not occasion a current in 
the air have a flame, whether large or small, 
formed on its surface, the current is produced 
with the greatest ease; but not the least diffi-* 
culty can occur in comprehending the i^ective 
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action of the flame in this case, if its relation, 
as part of the surrounding dielectric, to the 
electrified ball, be but for a moment considered 
(1375, 1380). 

1581. Conducting fiuid terminations, instead 
of rigid points, illustrate in a very beautiful 
manner the formation of the currents, with 
their effects and influence in exalting the con- 
ditions under which they were commenced. 
Let the rounded end of a brass rod, 0.3 of an 
inch or thereabouts in diameter, point down- 
wards in free air; let it be amalgamated, and 
have a drop of mercury suspended from it; and 
then let it be powerfully electrized. The mer- 
cury will present the phenomenon of glow\ a 
current of air will rush along the rod, and set 
off from the mercury directly downwards; and 
the form of the metallic drop will be slightly af- 
fected, the convexity at a small part near the 
middle and lower part becoming greater, whilst 
it diminishes all round at places a little removed 
from this spot. The change is from the form of 
a (PL XI, Fig. 8) to that of 6, and is due al- 
most, if not entirely, to the mechanical force of 
the current of air sweeping over its surface. 

1582. As a comparative observation, let it be 
noticed, that a ball gradually brought towards 
it converts the glow into brushes, and ulti- 
mately sparks pass from the most projecting 
part of the mercury. A point does the same, 
but at much smaller distances. 

1583. Take next a drop of strong solution of 
muriate of lime; being electrified, a part will 
probably be dissipated, but a considerable por- 
tion, if the electricity be not too powerful, will 
remain, forming a conical drop (PI. XI, Fig. 
9)f accompanied by a strong current. If glow 
be produced, the drop will be smooth on the 
surface. If a short low brush is formed, a mi- 
nute tremulous motion of the liquid will be 
visible; but both effects coincide with the prin- 
cipal one to be observed, namely the regular 
and successive charge of air, the formation of a 
wind or current, and the form given by that 
current to the fiuid drop. If a discharge ball be 
gradually brought toward Ike cone, sparks will 
at last pass, and these will be from the apex of 
the cone to the approached ball, indicating a 
considerable degree of conducting power in 
this fiuid. 

1584. With a drop of water, the effects were 
of the same kind, and were best obtained when 
a portion of giim water or of syrup hung from a 
ball (PL XI, Fig. 10). When the machine was 
worked sbwly, a fine large quiet conical iteop, 


with concavdatera! outiline, and a smafi rounded 
end, was produced, on which the glow appealed, 
whilst a steady wind issued, in a direction from 
the point of the cone, of sufficient force to de- 
press the surface of uninsulated water held op^ 
posite to the termination. When the machine 
was worked more rapidly some of the water 
was driven off; the smaller pointed portion 
left was roughish on the surface, and the sound 
of successive brush discharges was heard. With 
still more electricity, more water was dispersed ; 
that which remain^ was elongated and con- 
tracted, with an alternating motion; a stronger 
brush discharge was heard, and the vibrations 
of the water and the successive discharges of 
the individual brushes were simultaneous. When 
water from beneath was brought towards the 
drop, it did not indicate the same regular strong 
contracted current of air as before; and when 
the distance was such that sparks passed, the 
water beneath was attracted rather than driven 
away, and the current of air ceased. 

1585. When the discharging ball was brought 
near the drop in its first quiet glowing state 
(1582), it converted that glow into brushes, 
and caused the vibrating motion of the drop. 
When still nearer, sparks passed, but they were 
always from the metal of the rod, over the sur- 
face of the water, to the point, and then across 
the air to the ball. This is a natural conse- 
quence of the deficient conducting power of 
the fluid (1584, 1585). 

1586. the drop vibrated, changing its 
formbetweentheperiodsofdischargingbrushes, 
so as to be more or less acute at particular in- 
stants, to be most acute when the brush issued 
forth, and to be isochronous in its action, and 
how the quiet glowing liquid drop, on assum- 
ing the conical form, facilitated, as it were, the 
first action, are points, as to theory, so evi- 
dent, that I will not stop to speak of them. The 
principal thing to obs^e at present is, &e 
formation of the carrying current of air, and 
the manner in which it exhibits its existence 
and influence by giving form to the drop. 

1587. That the drop, when of water, or a 
better conductor than water, is formed into a 
cone principally by the current of air, is shown 
amongst other ways (1594) thus. A diarp pQimt 
b^g held opposite the conical drop, the te^tter 
soon lost its pointed form; was retract^' mvl 
became round ; the current of air from it oeasedf 
and was replaced by one from: the poifit 1^ 
neath, whi<h, if the latter were hdkl nearenoiil^ 
to the drop, actually blew it eside* and ten* 
dered it concave in form. 
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'■y 1 S8B. It ia hitrctf y tieeassaiy to aay what 
]^6d with still ^orse conductors than water, 
as'dl, or oil of turpentihel; the fltdd itsdf was 
then spun out into threads and carried off, not 
tndy ^because the air rushing over its surface 
helped to sweep it away, hut also because its 
InSiffating particles assumed the same charged 
:at^e as the particles of air, and, not being able 
to discharge to them in a much greater degree 
than the air particles themselves could do, were 
carried off by the same causes which urged 
thesO in their course. A similar effect with 
melted sealing-wax on a metal point forms an 
old and well-known experiment. 

1589. A drop of gum water in the exhausted 
receiver of the air-pump was not sensibly af- 
fected in its form when electrified. When air 
was let in, it began to show change of shape 
wh^ the pressure was ten inches of mercury. 
At the pressure of fourteen or fifteen inches the 
cb^ge was more sensible, and as the air in- 
creased in density the eff^ts increased, until 
thoy were the same as those in the open at- 
mosphere. The diminished effect in the rare air 
1 refer to the relative diminished energy of its 
current; that diminution depending, in the first 
place, on the lower electric condition of the 
idectrified ball in the rarefied medium, and in 
the next, on the attenuated condition of the di- 
electric, the cohesive force of water in relation 
to rarefied air being something like that of 
mercury to dense air (1581), whilst that of 
Water in dense air may be compared to that of 
mercury in oil of turpentine (1697). 

1590. When a ball is covered with a thick 
conducting fluid, as treacle or syrup, it is easy 
; inductive action to determine the wind from 
ateost any part of it (1577); the experiment, 
Which before was of rather ^flicult perform- 
imce, being rendered facile in consequence of 
^ fluid enabling that part, which at first was 
le^le iu its action, to rise into an exalted con- 
dition by assuming a pointed form. 

1591. To produce the current, the electric in- 
t«nsi^ muiU rise and continue at one spot, 
namely at theori^!! of the current, higher than 
eb^here, and t^, air having a unfform and 
Mdy acciM, tiie cun^ is produced. If no 
tnrimit be ^owed (1574), then discharge may 

placoiby brush or spark. But whether it 
' be by brush or spark, or wind, it seems very 
vjprdsable that the inithd intensity or tension at 
Mhih a, particle of a |;iven pseous dielectiic 
i^hiargeS, or commences (flscharge, is, under the 
OfmditkmB before expressed; always thie same 
<1410). 


150S^.> It is not supposed the aSr 

which ent^ into motion is electrified; on the 
contraxy, mudx that is not charged is carried 
on into the stream. The part which is really 
charged may be but a small proportion of that 
which is ultimately set in motion (1442). 

1593. When a drop of gum water (1584) is 

made ncpafire, it presents a larger cone than 
when made positive; less of the fluid is thrown 
off, and yet, when a ball is approached, sparks 
can hardly be obtained, so pointed is the cone, 
and so free the discharge. A point held oppo- 
site to it did not cause the retraction of the 
cone to such an extent as when it was positive. 
All the effects^re so different from thos^ pre- 
sented by the positive cone that I ha^ no 
doubt such drops would present a very instruc- 
tive method of investipting the different* of 
positive and negative discharge in air and ofter 
dielectrics (1480, 1501). i 

1594. ThatImaynotbemisunderstood(1587), 
I must observe here that I do not consider the 
cones produced as the result only of the cur- 
rent of air or other insulating dielectric over 
their surface. When the drop is of badly con- 
ducting matter, a part of the effect is due to 
the electrified state of the particles, and this 
part constitutes almost the whole when the 
matter is melted sealing-wax, oil of turpentine, 
and similar insulating bodies (1588). But even 
when the drop is of good conducting matter, as 
water, solutions, or mercury, though the effect 
above spoken of will then be insensible (1607), 
still it is not the mere current of air or other di- 
electric which produces all the change of form; 
for a part is due to those attractive forces by 
which the charged drop, if free to move, would 
travel along the line of strongest induction, 
and not being free to move, has its form elon- 
gated until the sum of the different forces tend- 
ing to produce this form is balanced by the 
cohesive attraction of the fluid. The effect of 
the attractive forces are well shown when trea- 
cle, gum water, or syrup is used; for the long 
threes which spin out, at the same time that 
they form the axes of the currents of air, which 
may still be considered as determined at their 
points, are like flexible cmiduetors^ and shew 
by tiieir directions in what way the attractive 
forces draw them. 

1595. When the phenomena of currents are 
observed in dense msulatmg dielectrics, they 
present us with extraordinary degrees d me- 
chanical lorqei Thus, if a pint of wdl-«ectified 
and filtoed <iS71) oU of tuipentinebe put Into 
a vessel^ and two wim be dippedi^ it 



mmmmrrt m 


is dtSermiidam/aiidleaiiiii^ 
sxachine, and tfaeotiier toihe traini 

on woxlixig the nutcfaine the fluid will be thrown 
into violent motion throughout its whole mass, 
whilst at'the same time it will rise two» three 
or four inches up the machine wire, and dart 
off in jets from it into the air. 

16^. If very clean uninsulated mercury be 
at the bottom of the fluid, and the wire from 
the machine be terminated either by a ball or a 
point, and also pass through a glass tube ex- 
tending both above and below the surface of 
the oil of turpentine, the currents can be better 
observed, and will be seen to rush down the 
wire, proceeding directly from it towards the 
mercury, and there, diverging in all directions, 
will ripple its surface strongly, and mounting 
up at the sides of the vessel, will return to re- 
enter upon their course. 

1597. A drop of mercury being suspended 
from an amalgamated brass ball, preserved its 
form almost unchanged in air (1581) ; hxtt when 
immersed in the oil of turpentine it became 
very pointed, and even particles of the metal 
could be spun out and carried off by the cur- 
rents of the dielectric. The form of the liquid 
metal was just like that of the syrup in air 
(1584), the point of the cone being quite as 
fine, though not so long. By bringing a sharp 
uninsulated point towards it, it could also be 
effected in the same manner as the syrup drop 
in air (1587), though not so readily, because of 
the density and limited quantity of the dielec- 
tric. 

1598. If the mercury at the bottom of the 

fiuid be connected with the electrical machine, 
whilst a rod is held in the hand terminating in 
a ball three quarters of an inch, less or more, 
in diameter, and the ball be dipped into the 
electrified fluid, very striking appearances en- 
sue. When the ball is raised again so as to be at 
a level nearly out of the fluid, large portions of 
the latter will seem to cling to it (PI. XI, Fi^. 
11). If it be raised higher, a column of the oil of 
turpentine will still connect it with that in the 
basin below (Fig. 1%). If the machine be ex- 
cited into more poweiM action, this will be- 
come more bulky, and may then also be raised 
higher, asguming the form (F«p. 1$); and ail 
the time that tibm effects continue, currents 
and oountOrNCurrents, sometimes running 
close together, may be observed in the raised 
column fluid. . i , 

1599. Jt is vergr difficult to decide by 
the diieetioh jpf the cumuts in such 
^ti as U^psirticles of sQk are intros 


duced Ubiety c3iag ^slxmt the oonductdm^ but 
udbug of water and mercury, the coursocd 
the fluid dielectric seems wdl indicated. Thus^ 
if a drop of water be placed at the end of a rod 
(1571) over the uninsulated mercury, it is soon 
swept away in particles streaming downwards 
towards the mercury. If another drop be placed 
on the mercury beneath the end of the rod, it 
is quickly dispersed m all directions in tiie form 
of streaming particles, the attractive forces 
drawing it into elongated portions, and the 
currents carrying them away. If a drop of miesy 
cury be hung from a ball used to raise a column 
of the fluid (1598), then the shape of tiie dn^ 
seems to show currents travelling in the fluid 
in the direction indicated by the arrows (PL 
XI, Fig. 14). 

1600. A very remarkable effect is produced 
on these phenomena, connected with positive 
and negative charge and discharge, namely that 
a ball charged positively raises a much higher 
and larger column of the oil of turpentine than 
when charged negatively. There can be no doubt 
that this is connected with the difference of 
positive and negative action already spoken of 
(1480, 1525), and tends much to strengthen 
^e idea that such difference is referable to the 
particles of the dielectric rather than to the 
charged conductors, and is dependent upon 
Ibe mode in which these particles polarize (1503, 
1523). 

1601. Whenever currents travel in insulating 
didectrics they really effect discharge; and it is 
important to observe, though a very natursd 
result, that it is indifferent which way the cur- 
rent or particles travel, as with reversed direct 
tion their state is reversed. The change is easily 
made, either in air or oil of turpentine, between 
two opposed rods, for an insulated ball being 
placed in connexion with either rod and brought 
near its extremity, will cause the current to set 
towards it from tl&e opposite end. 

1602. The two currents often occur at onc^^ 
as wh^ both terminations present brushes, and 
frequently whto they exhibit the glow (1531)1 
In such cases, tibe charged particles, or many 
of them^ meet and mutually discharge eadk 
other (1548^ 1612)^ If a smol^ wax tapsr b^ 
held at the end of m insulating rod towiii^ i 
chaiged prime conductor, it will very i elte 
happen two currents will form, eed 
rendered visible by its vapour, one passingisdk^a ' 
fifle filament of emoky pfertides dn^y ^ the 
charged epnductor, a^d the 

directly isom the same tap^ 
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and from conductor: the prindiples of in* 
duetric action and charge, wtuoh were referred 
to in considering the relation of a carrier ball 
and a conductor (1566), being here also called 
into play. 

1603. The general analogy and, I think I 
may say, identity of action found to exist as to 
insulation and conduction (1338, 1561) when 
bodies, the best and the worst in the classes of 
insulators or conductors, were compared, led 
me to believe that the phenomena of convection 
in badly conducting media were not without 
their parallel amongst the best conductors, 
such even as the metals. Upon consideration, 
the cones produced by Davy^ in fluid metals, 
as mercury and tin, seemed to be cases in point, 
and probably also the elongation of the metal- 
lic medium through which a current of electric- 
ity'was passing, described by Ampere (1113);* 
for it is not difficult to conceive, that the dim- 
inution of convective effect, consequent upon 
the high conducting power of the metallic m^ia 
used in these experiments, might be fully com- 
pensated for by the enormous quantity of elec- 
tricity passing. In fact, it is impossible not to 
expect some effect, whether sensible or not, of 
the kind in question, when such a current is 
passing through a fluid offering a sensible re- 
ristance to the passage of the electricity, and, 
thereby, giving proof of a certain degree of in- 
sulating power (1328). 

1604. 1 endeavoured to connect the convec- 
tive currents in air, oil of turpentine, <&c., and 
those in metals, by interm^iate cases, but 
found this not easy to do. Qn taking bodies, 
for instance, which, like water, acids, solutions, 
fused salts or chlorides, &c., have intermediate 
conducting powers, the minute quantity of 
electricity which the common machine can sup- 
{dy (371, 861) is exhausted instantly, so that 
the cause of the phenomenon is kept either 
very low in intensity, or the instant of time 
during which the effect lasts is so small that 
one cannot hope to observe the result sought 
for. If a voltaic battery be used, these bodies 
are all electrolytes, and the evolution of gas, or 
the production of other changes, interferes and 
preventi^ observation of the ^ect required. 

1605. There are, nevertheless, some expert 
tnnhits which illustrate the connection. Two 
piatina wires, foiming thedeotrodes of a power- 
ful voltaic battery, were placed side by side. 
Mar each other, in distilled water hermetically 

' i nUoaot^kal Transaetiotia, 1823, p. 156. 

ssmaSS^ UniveraOU, XXI, 47. 


sealed up in a strong ^ass tube, some nmmte 
vegetable fibres being present in the water. 
When, from the evolution of gas and the coo^ 
sequent increased pressure, the bubbles formed 
on the electrodes were so small as to produce 
but feebly ascending currents, then it could be 
observed that the filaments present were at- 
tracted and repelled between the two wires, as 
they would have been between two oppositely 
charged surfaces in air or oil of tuipentine, 
moving so quickly as to displace and disturb 
the bubbles and the currents which these tended 
to form. Now I think it cannot be doubted 
that under similar circumstances, and with an 
abundant supply of electricity, of suflinient 
tension also, convective currents might nave 
been formed; the attractions and repulsions of 
the filaments were, in fact, the elements of ^ch 
currents (1572), and therefore water, though 
almost infinitely above air or oil of turpentine 
as a conductor, is a medium in which similar 
currents can take place. 

1606. 1 had an apparatus made (PI. XI, Fig, 
16) in which a is a plate of shellac, h a fine 
platina wire passing through it, and having 
only the section of the wire exposed above; c a 
ring of bibulous paper resting on the shellac, 
and d distilled water retained by the paper in 
its place, and just sufficient in quantity to 
cover the end of the wire 5; another wire, e, 
touched a piece of tinfoil lying in the water, 
and was also connected with a discharging train ; 
in this way it was easy, by rendering h either 
positive or negative, to send a current of elec- 
tricity by its extremity into the fluid, and so 
away by the wire 6. 

1607. On connecting h with the conductor of 
a powerful electrical machine, not the least 
disturbance of the level of the fluid over the 
end of the wire during the working of the ma- 
chine could be observed; but at the same time 
there was not the smallest indication of elec- 
trical charge about the conductor of the ma- 
chine, so complete was the discharge. I conclude 
that the quantity of electricity passed in a 
given Ume had been too small, when compared 
with the conducting power of the fluid to pro- 
duce the desired effect. 

1608. 1 then charged a large Leyd^ battery 
(291), and discharged it though the wire b, 
interposing, however, a wet thread, two feet 
long, to prevent a spark in the water, and to 
reduce what would else have been a sudden 
violent disdbarge into one of more moderate 
character, enduring for a sensible l^gth of 
time (334). I now d)tain a very briefs 
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vation of the water orer the e&d of the wire; 
and though a few minute bubbles of gas were 
at the same time formed there, so as to prevent 
me from asserting that the effect was une- 
quivocally the same as that obtained by Davy 
in the metals, yet, according to my best judge- 
ment, it was partly, and I believe principally, 
of that nature. 

1609. I employed a voltaic battery of 100 
pair of four-inch plates for experiments of a 
similar nature wilii electrolytes. In these cases 
the shellac was cupped, and the wire h 0.2 of 
an indi in diameter. Sometimes I used a posi- 
tive amalgamated zinc wire in contact with 
dilute sulphuric acid ; at others, a negative cop- 
per wire in a solution of sulphate of copper; 
but, because of the evolution of gas, the pre- 
cipitation of copper, &c., I was not able to ob- 
tain decided results. It is but right to mention, 
that when I made use of mercury, endeavour- 
ing to repeat Davy’s experiment, the battery 
of 100 pair was not sufficient to produce the 
elevations.^ 

1610. The latter experiments (1609) may 
therefore be considered as failing to give the 
hoped-for proof, but I have much confidence 
in the former (1605, 1608), and in the consider- 
ations (1603) connected with them. If I have 
rightly viewed them, and we may be allowed 
to compare the currents at points and surfaces 
in such extremely different bodies as air and 
the metals, and admit that they are effects of 
the same Idnd, differing only in degree and in 
proportion to the insulating or conducting pow- 
er of the dielectric used, what great additional 
argument we obtain in favour of that theory, 
which in the phenomena of insulation and con- 
duction also, as in these, would link the same ap- 
parently dissimilar substances together (13^, 
1661); and how completely the general view, 
which refers all the phenomena to the direct 
action of the molecules of matter, seems to 
embrace the various isolated phenmnena as 
they successively come under consideration! 

1611. The connection of this convective or 
carrying effect, which depends upon a certain 
degree of insulation, with conduction; i.e., the 
occurrence of both in so many of the substances 
r^erred to, as, for instance, the m^s, water, 
air, &c., would lead to many very curious the- 

' In the experiments at the Royal Institution, Sir 
n. Davy usm, 1 think, 600 or 600 pairs of plates. 
Those at the Xiondon Instittttion were made with the 
apparatus of Mr. 1?eipya (qpnsiating of an enori^us 
pair of piateB>;uesonbed in the PkHtoaopniee^ 
^mnmeUom te 1828, p. m. 


oretieal generalizalicm, whidii I must not m* 
dulge in here. One point, however, I shall v^- 
ture to refer to. Conduction appears to be es- 
sentially an action of contiguous particles, and 
the considerations just stated, togetha* witih 
others formerly expressed (1326, 1336, &c.), 
lead to the conclusion, that all bodies conduct, 
and by the same process, air as well as metals; 
the only difference being in the necessary de- 
gree of force or tension between the particles 
which must exist before the act of conduction 
or transfer from one particle to another can 
take place. 

1612. The question then arises, what is this 
limiting condition which separates, as it were, 
conduction and insulation from each other? 
Does it consist in a difference between the two 
contiguous particles, or the contiguous poles of 
these particles, in the nature and amount of 
positive and negative force, no communication 
or discharge occurring unless that difference 
rises up to a certain degree, variable for differ- 
ent boffies, but always the same for the same 
body? Or is it true that, however small the 
difference between two such particles, if time 
be allowed, equalization of force will take place, 
even with the particles of such bodies as air^ 
sulphur or lac? In the first case, insulating 
power in any particular body would be propor- 
tionate to the degree of the assumed necessary 
difference of force; in the second, to the time 
required to equalize equal degrees of difference 
in different bodies. With regard to airs, one is 
almost led to expect a permanent difference of 
force; but in all other bodies, time seems to be 
quite sufficient to ensure, ultimately, complete 
conduction. The difference in the modes by 
which insulation may be sustained, or conduc- 
tion effected, is not a mere fanciful point, but 
one of great importance, as being essentially 
connect with the molecular theory of induc- 
tion, and the manner in which the particles of 
bodies assume and retain their polarized state* 

f xL RelaHm ef a Vacuum to Eledrical 
Phenomena 

1613. It would seem strange, if a theory 
which refers all the phenomena of insulation 
and conduction, i«e., all electrical phenomena, 
to the action of contiguous parti<^, were to 
omit to notice the assumed posslUe case of n 
vacuum. Admitting that a vacuum can be 
duced, it would be a very curious matto* in- 
deed to know what its relation to deetrieal 
phenomena would be; andaa jdiellae.and metal 
are directly opposed to each btiuw^ whetiier a 
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bc) opposed to & 0 m both, and 
allow afiilte of induction or conduction aotoss 

Mr. Mtnisan^ has said that a vacuum does 
mt conducts; Sir H. Davy concluded from his 
jj^Vestig^tions, that as perfect a vacuum as 
Cpidd ^ made^ did conduct, but does not con- 
sider the prepared spaces wUch he used as ab- 
Sfdiute vacua. In such experiments I think 1 
have observed the luminous discharge to be 
principally on the inner surface of the glass; 
and it does not appear at all unlikely that, if 
ti^e vacuum refused to conduct, still the sur- 
face of glass next it might carry on that action. 

1614. At one time, when I thought inductive 
force was exerted in right lines, 1 hoped to il- 
tiwtrate this important question by making ex- 
periments on induction with metallic mirrors 
(used only as conducting vessels) exposed to- 
wards a very clear sky at night time, and of 
8U(^ concavity that nothing but the firma- 
ment could be visible from the lowest part of 
the concave n (PI. XI, Fig. 16). Such mirrors, 
when electrified, as by coimection with a Ley- 
den jar, and examined by a carrier ball, readily 
gave electricity at the lowest part of their con- 
pavity if in a room; but I was in hopes of find- 
mg t^t, circumstanced as before stated, they 
would give little or none at the same spot, if 
the atmosphere above really terminated in a 
vacuum. I was disappointed in the conclusion, 
for I obtained as much electricity there as be- 
fore; but on discovering the action of induction 
m curved lines (1231), found a full and satis- 
factory explanation of the result. 

1615. My theory, as far as I have ventured 
It, does not pretend to decide upon the conse- 
quences of a vacuunx. It is not at present limited 
sufficientiy, or rendei^ precise enough, either 

experiments relating to spaces void of mat- 
hW| or those of other kinds, to indicate what 
would happen in the vacuum case. I have only 
as endeavoured to establish, what all the 
foc& eeem to prove, that when electrical phe* 
nomena, as those of induction, conduction, in- 
sulation and discharge occur, they depend on, 
sad are produced by the action of cantiguauB 
particles of matter, the next existing particle 
bring odximdeied^a^ contiguous one; and I 
bave furtimr gmumed, that these particles are 
ixdarised; that earix exhibits the two forces, or 
Hbm force in two direetioiiB (1295, 1298); and 
'^t th^ act at a distance, only by actii^ on 

emUgwm and mtfmediate partiries. 
511 ^ 16 , Butassimiing;^ vacuum 

JWlawpauriZ ^VCnritSClefftll,' 1785, p. 272. 


were to intwireiie in (he eotnae ofltbe lixiei of 
mductive acti<m (1304) , it does net follow from 
this theory, that Ihepakieies on c^osite sides 
of such a vacuum could not act on each other. 
Suppose it possible for a positivdy riteetrified 
particle to be in the centre of a vacuum an inch 
in diameter, nothing in my present views for- 
bids that the particle should act at the dis- 
tance of half an inch on all the particles form- 
ing the inner superficies of the bounding sphere, 
and with a force consistent with the well-^own 
law Of the squares of the distance. But 8uj)pose 
the sphere of an inch were full of insulating 
matter, tiie eiecj;rified particle would not then, 
according to'diy notion, act du*ectly on the 
distant particles, but on those in immediam as- 
sociation with it, employing oZZ its powqr in 
polarising them; producing in them negative 
force equal in amount to its own positive force 
and directed towards the latter, and positive 
force of equal amount directed outwards and 
acting in the same manner upon the layer of 
particles next in succession. So that ultimately, 
those particles in the surface of a sphere of 
half an inch radius, which were acted on di- 
rectly when that sphere was a vacuum, will now 
be acted on indirectly as respects the central 
particle or source of action, i.e., they will be 
polarised in the same way, and witii the same 
amount of force. 

§ 19. Nature of the Electrical Current 

1617. The word current is so expressive in 
common language that when applied in the 
consideration of electrical phenomena we can 
hardly divest it sufficiently of its meaning, or 
prevent our minds from being prejudiced by it 
(283, 511). I shall use it in its common dectri- 
cal sense, namely to express generally a certain 
condition and relation of electrical forces sup- 
posed to be in progression. 

1618. A current is produced botii by excite- 
ment and discharge; and whatsoever the varia- 
tion of the two general causes may be, the ef- 
fect remains the same. Thus excitement may 
occur m many ways, as by friction, chemical 
actixm, influence of heat, t^nge of condition, 
induotion, Ac.; and dis^arge has the forms 
of conduction, eleetvolyxation, disruptive dis- 
chasrge, and convection; yet tilie current con- 
nect^ witix these actions, when it occurs^ ap- 
pears in all cases to be the same. This constancy 
in the character of the cu!mt, notedthfi^d^ 
ing the pBiticokcr andgiwatwari^^ 

icay be mode in tiie nude of its ^ 

mtoeedkgly steiking aiad impotent; andits fo* 
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ply themtOBt open andi advantageonu road to a 
and intimate understanding of the nature 
of electrical forces. 

1619. As yet the phenomena of the current 
have presented nothing in opposition to the 
view I have taken of the nature of induction as 
an action of contiguous particles. I have en- 
deavoured to divest myself of prejudices and 
to look for contradictions, but I have not per- 
ceived any in conductive, electrolytic, convec- 
tive, or disruptive discharge. 

1620. Looking at the current as a cotise, it 
exerts very extraordinary and diverse powers, 
not only in its course and on the b^ies in 
which it exists, but collaterally, as in inductive 
or magnetic phenomena. 

1621. Electrolytic action. One of its direct ac- 
tions is the exertion of pure chemical force, 
this being a result which has now been exam- 
ined to a considerable extent. The effect is 
found to be constant and definite for the quan- 
tity of electric force dischai'ged (783, Ac.) ; and 
beyond that, the intensity required is in rela- 
tion to the intensity of the affinity or forces to 
be overcome (904, 906, 911). The current and 
its consequences are here proportionate; the 
one may be employed to represent the other; 
no part of the effect of either is lost or gained; 
so that the case is a strict one, and yet it is the 
very case wliich most strikingly illustrates the 
doctrine that induction is an action of contigu- 
ous particles (1164, 1343). 

1622. The process of electrolytic discharge 
appears to me to be in close analogy, and per- 
haps in its nature identical with another proc- 
ess of discharge, which at first seems very dif- 
ferent from it, 1 mean corwedion (1347, 1572). 
In the latter case the particles may travel for 
yards across a chamber; they may produce 
strong winds in the air, so as to move ma- 
chinery; and in fluids, as oil of tuipentme, may 
even shak6 the hand, and carry heavy metallic 
bodies about;^ and yet I do not see that the 
force, either in kind or action, is at all diffeiwt 
to that by whirii a particle of hydrog^ leaves 
one particle of oxygen to go to another, or by 
which a particle of ox^en travels in the con- 
trary direction. 

^ If a sietalfio vessel three or four i&Ches dslep, 
^utaiaing ofi of turpentitie» be insulaM and electnir- 
aed, and a rod with a ball (an inch or more in duun- 
at the end have the ball immersed in ’die fluid 
whilst the end ie held in the hand, the m^ebhnitnl 
force Memted when the baU is moved to ^md from 
the sides cl thevesiwl will aoon be ^dent ex- 
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1638; ttevriUlig piM 
feet efaan^ Judt as irdl as 

taet of a fixed platina eleetrode, or that c^:a 
combizdag electrode, or the ions of a dMmr 
posing dectrolyte (453, 471) ; and in the exper- 
iment formerly described, wh^e eight placies 
of decomposition were rendered active by one 
current (469), and where charged particles of 
air in motion were the only electrical means of 
connecting these parts of the current, it seems 
to me that the action of the particles of tibe 
electrolyte and of the air were essentially the 
same. A particle of air was rendered positive; 
it travelled in a certain determinate direction, 
and coming to an electrolyte, communicated 
its powers; an equal amount of positive fwce 
was accordingly acquired by another particle 
(the hydrogen), and the latter, so charged, 
travelled as the Wmer did, and in the same di- 
rection, until it came to another particle, and 
transferred its power and motion, making that 
other particle active. Now, though the particle 
of air travelled over a visible and occasionally 
a large space, whilst the particle of the electro- 
lyte moved over an exceedingly small one; 
though the air particle might be oxygen, nitro- 
gen, or hydrogen, receiving its charge from 
force of high intensity, whilst the electrolytic 
particle of hydrogen had a natural aptness to 
receive the positive condition with extr^e far 
cility ; though the air particle might be charged 
with very little electricity at a very high ia- 
tensity by one process, whilst the hydrogen 
particle might be charged with much electric- 
ity at a very low intensity by another process; 
these are not differences of Und, as r^tes to 
the final discharging action of these partiries, 
but only of degree; not essential differences 
which make things unlike, but such differences 
as give to things, similar in their nature, that 
great variety which fits them for their office In 
the system of the universe. 

1624. So when a particle of air, or of dust in 
it, electrified at a negative point, moves on 
throu^ the influence of the inductive forced 
(1572) to tiie next positive surface, and after 
disch^ge passes away, it seems to me to repre^ 
B&Dtt exi^y that particle of oxygen wMdlE^ 
having been render^ negative in the died^ 
lyte, is urged by the same disposition of iai^e^ 
tive forces, and going to the poritive 
electrode, is there discharged, and then paMl 
away, as the air or dust did before it. 

1625. Heat is another dir^ effect of the stur- 
rent upon substances in which it ocoaxs^ audit 
becximesaveryimpoiinntquestiox^aetotimi^ 
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Iati<mof the electric and beatmg forces, whether 
the latter is always definite in amount.^ There 
are many cases, even amongst bodies which 
conduct without change, that at present are 
irreconcileable with the assumption that it is;^ 
but there are also many which indicate that, 
when proper limitations are applied, the heat 
produced is definite. Harris has shown this for 
a given length of current in a metallic wire, 
using common electricity;^ and De la Rive has 
proved the same point for voltaic electricity by 
his beautiful application of Breguet’s thermom- 
eter/ 

1626. When the production of heat is ob- 
served in electrolytes under decomposition, the 
results are still more complicated. But impor- 
tant steps have been taken in the investigation 
of this branch of the subject by De la Rive® 
and others; and it is more than probable that, 
when the right limitations are applied, con- 
stant and definite results will here also be ob- 
tained. 

1627. It is a most important part of the 
character of the current, and essentially con- 
nected with its very nature, that it is always 
the same. The two forces are everywhere in it. 
There is never one current of force or one fluid 
only. Any one part of the current may, as re- 
spects the presence of the two forces there, be 
considered as precisely the same with any other 
part; and the numerous experiments which im- 
ply their possible separation, as well as the 
theoretical expressions which, being used daily, 
assume it, are, I think, in contradiction with 
facts (511, &c.). It appears to me to be as im- 
possible to assume a current of positive or a 
current of negative force alone, or of the two at 
once with any predominance of one over the 
other, as it is to give an absolute charge to 
matter (516, 1169, 1177). 

1628. The establishment of this truth, if, as 
I think, it be a truth, or on the other hand the 
disproof of it, is of the greatest consequence. 
If, as a first principle, we can establish that the 
centres of the two forces, or elements of force, 
never can be separated to any sensible dis- 
tance, or at all events not farther than the 

>See De la Rive’s Researohes, Bib, Univereelle, 
1829, XL. p. 40. 

« Amongst others, Davy, PhUoaophical Transact 
iiens, 1821, p. 438. Pelletier’s important results, 
AnnaUa de Chimie, 1834, LVI, p. 371 and Becque- 
r^’s non-heating current, Bib, VnivereeUe^ 1835, LX, 
218. 

PhiLoeophietd Tranaadioni, 1824, pp. 225, 228. 

* AnnaLea da Chimie, 1836. LXII, 177. 

» m UniteradU. 1829, 49; and Ritchie, PhU. 

fVnns. 1832, p. 296. 


spi^e between two contiguous particles (1615), 
or if we can establidi the contrary conclusion, 
how much more clear is our view of what lies 
before us, and how much less embarrassed the 
ground over which we have to pass in attain- 
ing to it, than if we remain hriting between 
two opinions! And if, with that feeling, we rig- 
idly test every experiment which bears upon 
the point, as far as our prejudices will let us 
(1161), instead of permitting them with a theo- 
retical expression to pass too easily away, are 
we not much more likely to attain the real 
truth, and from that proceed with safety to 
what is at present unknown? 

1629. 1 say.tl^ese things, not, I hope, to /ad- 
vance a particular view, but to draw the strict 
attention of those who are able to investimte 
and judge of the matter, to what must m a 
turning point in the theory of electricity; to a 
separation of two roads, one only of which can 
be right: and I hope I may be allowed to go a 
little further into the facts which have driven 
me to the view I have just given. 

1630. When a wire in the voltaic circuit is 
heated, the temperature frequently rises first, 
or most at one end. If this effect were due to 
any relation of positive or negative as respects 
the current, it would be exceedingly impor- 
tant. I therefore examined several such cases; 
but when, keeping the contacts of the wire and 
its position to neighbouring things unchanged, 
I altered the direction of the current, I found 
that the effect remained unaltered, showing 
that it depended, not upon the direction of the 
current, but on other circumstances. So there 
is here no evidence of a difference between one 
part of the circuit and another. 

1631. The same point, i.e., uniformity in 
every part, may be illustrated by what may be 
considered as the inexhaustible nature of the 
current when producing particular effects; for 
these effects depend upon transfer only, and do 
not consume the power. Thus a current which 
will heat one inch of platina wire will heat a 
hundred inches (853, n&te). If a current be sus- 
tained in a constant state, it will decompose 
the fluid in one voltameter only, or in twen- 
ty others if they be placed in the circuit, in 
each to an amount equal to that in the single 
one. 

1632. Again, in cases of disruptive discharge, 
as in the spark, there is frequently a dark part 
(1422) which, by l?rofessor Johnson, has been 
called the neutral point;® and this has given 
rise to the use of exprei^ons implying 

• mirnan'a J4>umdl, 1834, XXV, p. 67. 
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there are two dectridtiies enstiag separatdy, 
which, passing to that spot, there coxnl&e and 
neutralize each other But if such expressions 
are understood as correctly mdicating &at posi- 
tive electricity alone is moving between the 
positive ball and that spot, and negative elec- 
tricity only between the negative ball and that 
spot, then what strange conditions these parts 
must be in; conditions, which to my mind are 
every way unlike those which really occur! In 
such a case, one part of a current would con- 
sist of positive electricity only, and that mov- 
ing in one direction; another part would con- 
sist of negative electricity only, and that mov- 
ing in the other direction; and a third part 
would consist of an accumulation of the two 
electricities, not moving in either direction, 
but mixing up together, and being in a relation 
to each other utterly unlike any relation which 
could be supposed to exist in the two former 
portions of the discharge. This does not seem 
to me to be natural. In a current, whatever 
form the discharge may take, or whatever part 
of the circuit or current is referred to, as much 
positive force as is there exerted in one direc- 
tion, so much negative force is there exerted in 
the other. If it were not so we should have bod- 
ies electrified, not merely positive and nega- 
tive, but on occasions in a most extraordinary 
manner, one being charged with five, ten, or 
twenty times as much of both positive and 
negative electricity in equal quantities as an- 
other. At present, however, there is no known 
fact indicating such states. 

1633. Even in cases of convection, or carry- 
ing discharge, the statement that the current 
is everywhere the same must in effect be true 
(1627); for how, otherwise, could the results 
formerly described occur? When currents of 
air constituted the mode of discharge between 
the portions of paper moistened with iodide of 
potassium or sulphate of soda (466, 469), de- 
composition occurred; and I have since ascer- 
tained that, whether a current of positive air 
issued from a spot, or one of negative air passed 
towards it, the effect of the evolution of iodine 
or of acid was the same, whilst the reversed 
currents produced alkali. So also in the mag- 
netic experiments (307) whether the discharge 
was effected by the introduction of a wire, or 
the occurrence of a spark, or the passage of 
convective currents either one way or the other 
^depending on the electrified state of the par- 
ticles)^ the result was the same, being in all 
cases dependent u];^n the perfect current 

^ Thomson on Hwt and Elee^ric&y^ p. 471. 


1634. Hence, the section of a current com- 
pared with other sections of the same current 
must be a constant quantity, if the actions 
exerted be of the same kind; or if of different 
kinds, then the forms under which the effects 
are produced are equivalent to each other, and 
experimentally convertible at pleasure. It is in 
sections, therefore, we must look for identity 
of electrical force, even to the sections of sparks 
and carrying actions, as well as those of wires 
and electrolytes. 

1635. In illustration of the utility and im- 
portance of establishing that which may be the 
true principle, I will refer to a few cases. The 
doctrine of unipolarity, as formerly stated, and 
I think generally understood,* is evidently in- 
consistent with my view of a current (1627); 
and the later singular phenomena of poles and 
fiames described by Erman and others^ par- 
take of the same inconsistency of character. If 
a unipolar body could exist, i.e., one that Could 
conduct the one electricity and not the other, 
what very new characters we should have a 
right to expect in the currents of single electric- 
ities passing through them, and how greatly 
ought they to differ, not only from the com- 
mon current which is supposed to have both 
electricities travelling in opposite directions in 
equal amount at the same time, but also from 
each other! The facts, which are excellent, have, 
however, gradually been more correctly ex- 
plained by Becquerel,* Andrews® and others; 
and I understand that Professor Ohms® has 
perfected the work, in his close examination of 
all the phenomena; and after showing that rim- 
ilar phenomena can take place with good con- 
ductors, proves that with soap, &c., many of 
the effecte are the mere consequences of the 
bodies evolved by electrolytic action. 

> Erman, Annalea de Chimie, 1807, LXI, p. 115. 
Davy's Elementa, p. 168. Biot, Bncydopcedia Britan^ 
nica [7th edition], Supp. IV, p. 444. Becquerel, 
Traiti, I, p. 167. De la Rive, Bib. Univ., 1837, VII, 
392. 

• Erman, Annales de Chimie, 1824, XXV, 278. 
Becquerel, /&«d., XXXVI, p. 329. 

4 Beoquerd, Annulee de Chimie, 1831, XLVI, p. 
283 

• Andrews, PhUoeophieal Magazine, 1836, IX, 182. 

• Sohweigger’s Jahthuh der Chimie, Ao. 1830. 
Heft 8. Not understanding German, it is with ex- 
treme regret I confess I have not access, and cannot 
do Justice, to the many most valuable papers in ex- 
perimental electricity published in that lang^e. 1 
take this opportunity also of stating another circum- 
stance whiw occasions me great double, and, lus 1 
find by experience, may make me seeming regard- 
loss of the labours of others:— it is a gradiudi lose of 
memory for some years past; and now, often when 1 
read a memoir, 1 remember that I have seen it be- 
fore, and would have rejoieed if at die right time I 
could have recollected and referred to it in the prog- 
ress of my own papers.—M. F. 
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whicli the doetrme of nhipolarit;]^ 
leutided 9xe not adverse to that unity and in- 
dividbihty of character which I have stated 
the cuirent to possess, any more than the pher 
nbmena of the pile itself (which might well 
betiur comparison with those of unipolar bod- 
ies), are opposed to it. Probably the effects 
which have been called effects of unipolarity, 
and the peculiar differences of the positive a^ 
negative surface when discharging into air, 
gases, or other dielectrics (1480, 1525) which 
have been already referred to, may have con- 
sideiuble relation to each other 

1687. M. de la Rive has recently described a 
peculiar and remarkable effect of heat on a 
current when passing between electrodes and a 
fluid.^ It is, that if platina electrodes dip into 
acidulated water, no change is produced in the 
passing current by making the positive elec- 
trode hotter or colder ; whereas maUng the nega- 
tive electrode hotter increased the deflexion of 
a galvanometer affected by the current, from 
12® to 30® and even 45®, whilst making it colder 
diminished the current in the same high pro- 
portions. 

1638* That one electrode should have this 
striking relation to heat whilst the other re- 
mised absolutely without, seem to me as in- 
ecnnpatible with what I conceived to be the 
character of a current as unipolarity (1627, 
1635), and it was therefore with some anxiety 
that I repeated the experiment. The electrodes 
wMchlused were platina; the electrolyte, water 
eontalning about one sixth of sulphuric acid by 
wel|^t: the voltaic battery consisted of two 
{HUTS of amalgamate zinc and platina plates 
to dilute sulphuric acid, and the galvanometer 
in the drcuit was one with two needles, and 
when the arrangement was complete a de- 

xion of 10® or 12®. 

J$39. Under these circumstances heatmg 
dther electrode increased the current; heating 
pi^uced still more ^ect. When both 
imti heated, if dihier were cooled, the effect on 
the curr^t fell in proportion. The proportion 
of, effect due to heafing this or that electrode 
wlcd, but on the whole beating the negative 
eeemed to favour passa^ of the current 
i^etwhat more than beating Ihe positive. 
Whether the apirfication of heat were by a 
applied tmdemeafh, or one directed by a 

See also Hm in SiRimanU Jowmal, 1833, XXIY, 
{/fiteerMSe, 1887, VU, 388. 


l^w|^ fiem ibote, or hf » Rdt iron mr 
coal, the effect the same. ' 

1640. Having tiius r^oved the difficulty 
out of the way of my views regarding a cur- 
rent, I did not pursue this curious experiment 
further. It is probable, that the difference be- 
tween my results and those of M. de la Rive 
may depend upon the relative values of the 
currents used; for I employed only a weak one 
resulting from two pairs of plates two inches 
long and half an inch wide, whilst M. de la Rive 
used four pairs of plates of sixteen square in- 
ches in surface. 

1641. ElectrifeT discharges in the atmospnere 
in the form of balls of fire have occasioiklly 
been described. Such phenomena appear toWe 
to be incompatible with all that we knovTof 
electricity and its modes of discharge. As 

is an eluent in the effect (1418, 1436) it is p^ 
sible perhaps that an electric discharge might 
really pass as a ball from place to place; but as 
everything shows that its velocity must be al- 
most infinite, and the time of its duration ex- 
ceedingly small, it is impossible that the eye 
should perceive it as anything else than a line 
of light. That phenomena of balls of fire may 
appear in the atmosphere, I do not mean to 
deny; but that they have an 3 rthing to do with 
the discharge of ordinary electricity, or are at 
all related to lightning or atmospheric electric- 
ity, is much more than doubtful. 

1642. All these considerations, and many 
others, help to confirm the conclusion, drawn 
over and over again, that the current is an in- 
divisible thing; an axis of power, in every part 
of which bo^ electric forces are present in 
equal amount’ (517, 1627). With conduction 
and electrolyzation, and even discharge by 
spark, such a view will harmonize without hurt- 
ing any of our preconceived notions; but as re- 
lates to convection, a more startling result ap- 
pears, which must therefore be considered. 

1643. If two balls A and B be electrified in 
opposite states and held within each other^s in- 
fluence, the moment they move towards each 
other, a current, or those effects which ^are un- 
derstood by tiie wend current, will be produced. 
Whether A move towards B, or B move in the 
opposite direction towards A, a current, and in 
both cases having the same diraetton, will re- 

• I am glad toivfar here to the reeultB obtsiiied by 
hlr. Chriatie withinfMnketo-eleotriQi^y, PkS/OBOphM 
TramaetionB, 1833, p. 113, note* As regifHrds tjhe cur- 
rent in a wire, eonfinn einiryttunz that 1 sm 
contending for.,. ^ 
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(nirr^ b t^eopptMnto 4i[rect^ or ^ni^^^but 
effects, will be pvoduoed. 

1644. Or, as charge exists only by induction 
(117S, 1299), and a body whm electrified is 
necessarily in relation to otiber bodies in the 
opposite state; so, if a ball be electrified posi- 
tively in riie middle of a room and be thep 
moved in any direction, effects will be pro- 
duced, as if a current in the same direction (to 
use the conventional mode of expression) bad 
existed: or, if the ball be negatively electrified, 
and then moved, effects as if a current in a di- 
rection contrary to that of the motion had been 
formed, will be produced. 

1645. 1 am saying of a single particle or of 
two what I have before said, in effect, of many 
(1633). If the former account of currents be 
true, then that just stated must be a necessary 
result. And, though the statement may seem 
startling at first, it is to be considered that, ac- 
cording to my theory of induction, the charged 
conductor or particle is related to the distant 
conductor in &e opposite state, or that which 
terminates the extent of the induction, by all 
the intermediate particles (1165, 1295), these 
becoming polarized exactly as the particles of a 
solid electrolyte do when interposed between the 
two electrodes. Hence the conclusion regard- 
ing the unity and identity of the current in the 
case of convection, jointly with the former cases, 
is not so strange as it might at first appear. 


1646. There is a very remarkable phenome- 
non or effect of the electrolytic discharge, first 
pointed out, I believe, by Mr. Porrett, of the 
accumulation of fluid imder decomposing ac- 
tion in the current on one side of an interposed 
diaphragm.^ It is a mechanical result; and as 
the liquid passes from the positive towards the 
negative dectrode in all the known cases, it 
seems to establish a relation to the polar con- 
dition of the dielectric in which the current 
exists (1164, 1525). It has not as yet been suf- 
ficiently investigated by experiment; for De la 
Rive says,® it requires that the water should be 
abadcQnductor,as, for instance, distilled water, 
the effect not happening with strong solutions; 
whereas, Putro^et says® the contrary is the 
case, and that, the effect is not directly due to 
the electric current. 

1647, Becquerd, in his TruiU de VEhdirir 
has brought together the considerations 


1 

« ^WMlw . CMMft, 1U2, XLIX^ p. 



wMch arise feir and aga^ ophdop 
the effect generally is an electric effect.® 

I have no decisive fact tp quote at preseh^ t 
cannot refrain from venturmg an opinion, that 
the effect is analogous both to combination 
and convection (1623), being a case of carry- 
ing due to the relation of the diaphragm and 
the fluid in contact with it, through which the 
electric discharge is jointly effect^; and fur- 
ther, that the peculiar relation of positive and 
negative small and large surfaces already re- 
ferred to (1482, 1503, 1525), may be the direct 
cause of the fluid and the diaphragm travelr 
ling in contrary but determinate directions. A 
very valuable experiment has been made by 
M. Becquerel with particles of clay,® which 
will probably bear importantly on this point. 

1648. As Umg as the terms current and eUor 
tr(Hiynamic are used to express those rela- 
tions of the electric forces in which progresrion 
of either fluids or effects are supposed to occur 
(283), so long will the idea of velocity be aa- 
sociated with them; and this will, perhaps, be 
more especially the case if the hypothesis of a 
fluid or fluids be adopted. 

1649. Hence has arisen the desiie of esti- 
mating this velocity either directly or by some 
effect dependent on it; and amongst the en- 
deavours to do this correctly, may be menr 
tioned especially those of Dr. Watson® in 174$, 
and of Professor Wheatstone^in 1834; the elec- 
tricity in the early trials being supposed to 
travel from end to end of the arrangement, but 
in thelaterinvestigationsadistinction occasion- 
ally appearing to be made between the trans- 
mission of the effect and of the supposed fluid 
by the motion of whose particles that effect as 
produced. 

1650. Electrolytic action has a remarkable 
bearing upon this question of the velocity oi 
the current, especi^ly as connected with 
theory of an electric fluid or fluids. In it there 
is an evident transfer of power with the trans- 
fer of each particle of the anion or cathioa 
present, to the next particles of the cathion or 
anion; and as the amount of power is defini^ 
we ^ve in tins way a means of localizing ns i% 
were the force, identifying it by the part^ 
and dealing it out in successive portioxts^ 
leads, I think, to very striking results, , 

1651. Suppose, for instance, that wate^ ls 
undergoing decomposition by the powers el n 

«Vol.,jV/p. 192,197. 

• TrUiU JeTEUefridtS, 1, p. 28S. 

« PhfiasophkKU Tran$actionSt 1748. 
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voltaic battery. Each particle of hydrogen as it 
moves one way^ or of oxygen as it moves in the 
other direction, will tranrfer a certain amount 
of electrical force associated with it in the form 
of chemical affinity (822, 852, 918) onwards 
through a distance, which is equal to that through 
which the particle itself has moved. This trans- 
fer will be accompanied by a corresponding 
movement in the electrical forces throughout 
every part of the circuit formed (1627, 1634), 
and its effects may be estimated, as, for in- 
stance, by the heating of a wire (853) at any 
particular section of the current however dis- 
tant. If the water be a cube of an mch in the 
side, the electrodes touching, each by a sur- 
face of one square inch, and being an inch apart, 
then, by the time that a tenfli of it, or 25.25 
grains, is decomposed, the particles of oxygen 
and hydrogen throughout the mass may be 
considered as having moved relatively to each 
other in opposite directions, to the amount of 
the tenth of an inch; i.e., that two particles at 
first in combination will after the motion be 
the tenth of an inch apart. Other motions which 
occur in the fluid will not at all interfere with 
this result; for they have no power of acceler- 
ating or retarding the electric discharge, and 
possess in fact no relation to it. 

1652. The quantity of electricity in 25.25 
grains of water is, according to an estimate of 
the force which I formerly made (861), equal 
to above 24 millions of charges of a large Ley- 
den battery; or it would have kept any length 
of a platina wire xJt an inch in diameter 
red-hot for an hour and a half (853). This re- 
sult, though given only as an approximation, I 
have seen no reason as yet to alter, and it is 
confirmed generally by the experiments and 
results of M. Pouillet According to Mr. Wheat- 
stone’s experiments, the influence or effects of 
the current would appear at a distance of 576, 
000 miles in a second.* We have, therefore, in 
this view of thematter, on theonehand, an enor- 
mous quantity of power equal to a most destruc- 
tive thunder-storm appearing instantly at the 
distance of 576,000 miles from its source, and on 
the other, a quiet effect, in producing which the 
power had taken an hour and a half to travel 
throng the tenth of an inch: yet these are the 
equiv^entstoeach other, being effects observed 
atthesections of one and thesame current (1634). 

1658. It is time that I diould call attention 
to the lateral or transverse forces of the cur- 

<Beequerd. TrtM de VSUckidU, V, p. 273. 

f PhilmopMeal TVanaoe^umt, 1834. p. 589. .. 


rent. Thegreatthings whiehhavebeenachieved 
by Oersted, Arago, Ampere, Davy, De la Rive, 
and others, and the high degree of simplifica- 
tion which has been introduced into their ar- 
rangement by the theory of Ampere, have not 
only done their full service in advancing most 
rapidly this branch of knowledge, but have se- 
cured to it such attention that there is no ne- 
cessity for urging on its pursuit. I refer of 
course to magnetic action and its relations; 
but though this is the only recognised lateral 
action of the current, there is great reason for 
believing that others exist and would by their 
discovery reward a close search for them (951). 

1654. The ma^etic or transverse action of 
the current seems to be in a most extraorai- 
nary degree independent of those variationaor 
modes of action which it presents directly in ^ts 
course; it consequently is of the more value to 
us, as it gives us a higher relation of the power 
than any that might have varied with each 
mode of discharge. This discharge, whether it 
be by conduction through a wire with infinite 
velocity (1652), or by electrolyzation with its 
corresponding and exceeding slow motion 
(1651), or by spark, and probably even by con- 
vection, produces a transverse magnetic ac- 
tion always the same in kind and direction. 

1655. It has been shown by several experi- 
menters that whilst the discharge is of the same 
kind the amount of lateral or magnetic force is 
very constant (216, 366, 367, 368, 376). But 
when we wish to compare discharge of differ- 
ent kinds, for the important purpose of ascer- 
taining whether the same amount of current 
will in its different forms produce the same 
amount of transverse action, we find the data 
very imperfect. Davy noticed that when the 
electric current was passing through an aque- 
ous solution it affect^ a magnetic needle,® and 
Dr. Ritchie says, that the current in the elec- 
trol 3 d)e is as magnetic as that in a metallic 
wire,* and has caused water to revolve round a 
magnet as a wire carr^^g the current would 
revolve. 

1656. Disruptive discharge produces its mag- 
netic effects : a strong spark, passed transversely 
to a steel needle, will magnetise it as well as if 
the electricity of the spark were conducted by 
a metallic wire occupying the line of discharge ; 
and Sir H. Davy has shown that the discharge 
of a voltaic battery in vacuo is affected and has 
motion given to it by approximated magnets.® 

• Philosophical TransacUons^ 1821, p. 425, 

*Ihid., 1832 j;>. 294, 

*lbid.,p.m. 
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1667, Thu* the three very different modes of 
discharge, namely, conduction, electrolyzation, 
and disruptive discharge, agree in producing 
the important transverse phenomenon of mag- 
netism. Whether convection or carrying dis- 
charge will produce the same phenomenon has 
not been determined, and the few experiments 
1 have as yet had time to make do not enable 
me to answer in the affirmative. 

1658. Having arrived at this point in the 
consideration of the current and in the en- 
deavour to apply its phenomena as tests of the 
truth or fallacy of the theory of induction 
which I have ventured to set forth, I am now 
very much tempted to indulge in a few specu- 
lations respecting its lateral action and its pos- 
sible connection with the transverse condition 
of the lines of ordinary induction (1165, 1304).^ 
I have long sought and still seek for an effect 
or condition which shall be to statical electric- 
ity what magnetic force is to current electric- 
ity (1411); for as the lines of discharge are 
associated with a certain transverse effect, so it 
appeared to me impossible but that the lines of 
tension or of inductive action, which of neces- 
sity precede that discharge, should also have 
their correspondent transverse condition or ef- 
fect (951). 

1659. According to the beautiful theory of 
Ampere, the transverse force of a current may 
be represented by its attraction for a similar 
current and its repulsion of a contrary current. 
May not then the equivalent transverse force 
of static electricity be represented by that lat- 
eral tension or repulsion which the lines of in- 
ductive action appear to possess (1304)? Then 
again, when current or discharge occure be- 
tween two bodies, previously under inductrical 
relations to each other, the lines of inductive 
force will weaken and fade away, and, as their 
lateral repulsive tension diminishes, will con- 
tract and ultimately disappear in the line of 
discharge. May not this be an effect identical 
with the attractions of similar currents? i.e., 
may not the passage of static electricity into 
current electricity, and that of the lateral ten- 
sion of the lines of inductive force into the 
lateral attraction of lines of similar discharge, 
have the same relation and dependences, and 
run parallel to each other? 

1660. The phenomena of mduction amongst 
currents which 1 had the good fortune to dis- 
cover some years ago (6, &c,, 1048) may per- 

> Hefer for further Investigations to 1709 — 1736. 
•nZ>ec. 1838. 


chance here form a connecting link in the series 
of ^ects. When a current is first formed, it 
tends to produce a current in the contrary di- 
rection in all the matter around it; and if that 
matter have conducting properties and be fitly 
circumstanced, such a current is produced. On 
the contrary, when the original current is 
stopped, one in the same direction tends to 
form all around it, and, in conducting matter 
properly arranged, will be excited. 

1661. Now though we perceive the effects 
only in that portion of matter which, being in 
the neighbourhood, has conducting properties, 
yet hypothetically it is probable, that the non- 
conducting matter has also its relations to, and 
is affected by, the disturbing cause, though we 
have not yet discovered them. Again and again 
the relation of conductors and non-conductors 
has been shown to be one not of opposition in 
kind, but only of degree (1334, 1603); and, 
therefore, for this, as well as for other reasons, 
it is probable, that what will affect a conductor 
will affect an insulator also; producing perhaps 
what may deserve the term of the electrotonic 
state (60, 242, 1114). 

1662. It is the feeling of the necessity of 
some lateral connection between the lines of 
electric force (1 1 14) ; of some link in the chain of 
effects as yet unrecognised, that urges me to 
the expression of these speculations. The same 
feeling has led me to make many experiments 
on the introduction of insulating dielectrics 
having different inductive capacities (1270, 
1277) between magnetic poles and wires carry- 
ing currents, so as to pass across the lines of 
magnetic force. I have employed such bodies 
both at rest and in motion, without, as yet, be- 
ing able to detect any influence produced by 
them; but I do by no means consider the ex- 
periments as sufficiently delicate, and intend, 
very shortly, to render them more decisive.* 

1663. 1 think the h 3 rpothetical question may 
at present be put thus: can such considerations 
as those already generally expressed (1658) ac- 
count for the transverse effects of electrical 
currents? are two such currents in relation to 
each other merely by the inductive condition 
of the particles of matter between them, or are 
they in relation by some higher quality mid 
condition (1654), which, acting at a dzrtaiiice 
and not by the intermediate particles, has, like 
the force of gravity, no relation to them? 

1664. If the latter be the case, then, when 
electricity is acting upon and in matter, its 
direct and its , transverse action are esscoir 

» See onwards 1711— 1726.— IXsc. 1838. 
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it fitm eotrect, wiM depend upoa tlie eon- 
particles, and the latter will not. As 
. I hiavie sfi^ before, this may be so, and I in- 
dine to that view at present; but I am desir- 
ous of suggesting considerations why it may 
that the question may be thorou^ly 

1 ^. The transverse power has a character 
of polarity impressed upon it. In the simplest 
forms it appears as attraction or repulsion, ac- 
cording as the currents are in the same or dif- 
ferent directions : in the current and the magnet 
it takes up the condition of tangential forces; 
and in magnets and their particles produces 
poles. Since the experiments have b^n made 
which have persuaded me that the polar forces 
of electricity, as in induction and electrolytic 
action (1298, 1343), show effects at a distance 
only by means of the polarized contiguous and 
intervening particles, I have been led to expect 
tiiat all polar forces act in the same general 
manner; and the other kinds of phenomena 
whidi one can bring to bear upon the subject 
seem fitted to strengthen that expectation. 
Thus in crystallizations the effect is transmitted 
from particle to particle; and in this manner, 
in acetic acid or freezing water a crystal a 
few inches or even a couple of feet in length 
will form in less than a second, but progres- 
sively and by a transmission of power from 
particle to particle. And, as far as 1 remem- 
ber, no case of polar action, or partaking of 
polar action, except the one under discussion, 
can be found which does not act by contiguous 


partkdes;^^ It 

polar f«n*besthatsc^fil^^ be 1 &eease,forilie 
one force either finds or deVelopes the contmz^jr 
force near to it, and has, thereforCj no occasion 
to sedE for it at a distance. 

1666, But leaving these hypothetical notions 
resisting the nattire of the lateral action out 
of sight, and returning to tiie direct effects, 1 
think that the phenomena examined and rea- 
soning employed in this and the two preceding 
papers tend to confirm the view first taken 
(1164), namely that ordinary inductive action 
and the effects dependent upon it are due to an 
action of the contiguous particles of the dielec- 
tric between the charged ^rfaces or 

parts which constitute, as it were, thb termina- 
tions of the effect. The great point of distinc- 
tion and power (if it have any) in the theory is, 
the making the dieletric of essential sy|nd speci- 
fic importance, instead of leaving it se it were 
a mere accidental circumstance or thi^ simple 
representative of space, having no more influ- 
ence over the phenomena than the space oc- 
cupied by it. I have still certain other results 
and views respecting the nature of the electri- 
cal forces and excitation, which are connected 
with the present theory; and, unless upon fur- 
ther consideration they sink in my estimation, 
I shall very shortly put them into fomi as an- 
other series of these electrical researches. 

Royal InstUviion, February 14, 1838 

> 1 mean by oontiguous partiolee tboae which are 
next to each other, not that there is no space be- 
tween them. See (1616). 
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I 20. Nature o/ Oie Electric Force or Forces 
1667. The t^eoiy induction set forth and 
hutmted in the tiuee preceding series of exper* 
fanoital resear^es does not assume anything 
new as to the nature ol the electric force or 
{fovees, but oidy ae #itheir distribution. The 
effects may depend upim. the association oi one 
'«%tric the paitidee of mattm-, as in 

« t|ieory of FranUini i^mnis, Cavendish, 
, 3 ^QS 8 otri; or they may dq>end tqxm ^ 
" on of tmeleatrio ffufds, as in the the- 


ory of Dufay and Poissem; or they may not de- 
pend upon anything which can pr(^>eriy be 
called the electric fluid, but on vibrations or 
other affections of the matter in which they 
appear. The timory is unaffected by such dif- 
ferences in the mode of viewing the nature of 
the fenoes; and though it professes to perform 
the important (^Bce of stating how the powers 
are arrimged (at Ijssst in induerive phenomena), 
it does not, as far as I can yet Dotmte, aujqily 
a sing^ experimmt whi«h can be eohdtfawdac 
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16@8. But, to ascertain how tiie forces are ar- 
rangodf to trace them in thdr various relations 
to the particles of matter, to determine their 
general laws, and also the specific differences 
which occur under these laws, is as important 
as, if not more so than, to know whether the 
forces reside in a fluid or not; and with the hope 
of assisting in this research, I shall offer some 
further developments, theoretical and experi- 
mental, of the conditions under which I sup- 
pose the particles of matter are placed when 
exhibiting inductive phenomena. 

1669. The theory assumes that all the parfj- 
des, whether of insulating or conducting mat- 
ter, are as wholes conductors. 

1670. That not being polar in their normal 
state, they can become so by the influence of 
neighbouring charged particles, the polar state 
being developed at the instant, exactly as in an 
insulated conducting mass consisting of many 
particles. 

1671. That the particles when polarized are 
in a forced state, and tend to return to their 
normal or natural condition. 

1672. That being as wholes conductors, they 
can readily be charged, either bodily or polarl^, 

1673. That particles which being contiguous^ 
are also in the line of inductive action can com- 
municate or transfer their polar forces one to 
another more or less readily. 

1674. That those doing so less readily require 
the polar forces to be raised to a higher degree 
before this transference or communication takes 
place. 

1675. That the ready communication of forces 
betwe^ contiguous particles constitutes con- 
dticHon, and the dtffictdt communication insu- 
lation; conductors and insulators being bodies 
whose particles naturally possess the property 
of communicating their respective forces easUy 
or with dfficulty ; having these differences just 
as they have differences of any other natural 
property. 

1676. That m^nary induction is the effect 
resulting from the action of matter charged 
with excited <» free electricity upon insulating 
matter, t^dingtoproduceinitan equal amount 
of the contrary state. 

1677. That it can do this only by polarizing 
the partfcles contiguous to it, which perform 
the same office to tiie next, and these again to 
those beyohd; and ihat thus the action is prop- 
ogAted iMb the exmted body tb the next eon- 


ducting eoi^bwry 

force evident in consequence of the eff^ of 
communication which suplavenes in the coh^ 
ducting mass upon the polarization of the pat^ 
tides of that body (1676). 

1678. That therefore induction can only take 
place through or across insulators; that induo 
tion is insulation, it being the necessary conse- 
quence of the state of the particles and the 
mode in which the influence of dectrical forces 
is transferred or transmitted through or acioss 
such insulating media. 

1679. The particles of an insulating didec- 

tric whilst under induction may be compared 
to a series of small magnetic needles, or more 
correctly still to a series of small insulated con- 
ductors. If the space round a charged globe 
were filled with a mixture of an insulating di- 
electric, as oil of turpentine or air, and smaM 
globular conductors, as shot, the latter being 
at a little distance from each other G|p as to be 
insulated, then these would in their condition 
and action exactly resemble what I consider to 
be the condition and action of the particles of 
the insulating dielectric itself (1337). If the 
globe were charged, these little conductors 
would all be polar; if the globe were discharged^ 
they would all return to their normal state^ to 
be polarized again upon the recharging of the 
globe. Thestatedevelopedbyinduction through 
such particles on a mass of conducting matter 
at a distance would be of the contrary kind^ 
and exactly equal in amount to the force in the 
inductric globe. There would be a lateral dif- 
fusion of force (1224, 1297), because each po- 
larized sphere would be in an active or tense 
relation to all those contiguous to it, just as 
one magnet can affect two or more magnetic 
needles near it, and these again a still greater 
number beyond them. Hence would result the 
production of curved lines of inductive force if 
the inducteous body in such a mixed dielee^ , 
w&e an uninsulat^ metallic ball (1219, &c.} 
or other properly idiaped mass. Such curved 
lines are the consequences of the two electrm 
forces arrant as I have assumed them to be: 
and, that the inductive force can be directed . 
in such curved lines is the strongest prooi M \ 
the pres^ce of the two powers and &e poi^ 
condition of the dielectric particles. . 

1680. 1 think it is evident that, m ihs esib . 
stated, action at a distance can Pnfy 
through an action of the contiguous condue&ig 
partides. Th^ is no reason why the indtietivb 
body shouki pt^at^or 
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leave those near it, namely the particles of 
tiie dielectric, unaffected: and everything in 
the form of fact and experiment with conduct- 
ing masses or particles of a sensible size con- 
tradicts such a supposition. 

1681. A striking character of the electric 
power is that it is limited and exclusive, and 
that the two forces being always present are 
eamctly equal in amount. The forces are related 
in one of two wa 3 rs, either as in the natural nor- 
mal condition of an uncharged insulated con- 
ductor; or as in the charged state, the latter 
being a case of induction. 

1682. Cases of induction are easily arranged 
so that the two forces being limited in their di- 
rection shall present no phenomena or indica- 
tions external to the apparatus employed. Thus, 
if a Leyden jar, having its external coating a 
little higher than the internal, be charged and 
then its charging ball and rod removed, such 
jar will present no electrical appearances so 
long as its outside is uninsulated. The two 
forces which may be said to be in the coatings, 
or in the particles of the dielectric contiguous 
to them, are entirely engaged to each other by 
induction through the glass; and a carrier ball 
(U81) applied either to the inside or outside of 
the jar will show no signs of electricity. But if 
the jar be insulated, and the charging ball and 
rod, in an uncharged state and suspended by 
an insulating thread of white silk, restored 
to their place, then the part projecting above 
the jar will give electrical indications and 
charge the carrier, and at the same time the 
oiUeide coating of the jar will be found in the 
opposite state and inductric towards external 
surrounding objects. 

1683. These are simple consequences of the 
theory, 'Wliilst the charge of the inner coating 
could induce only through the glass towards 
the outer coating, and the latter contained no 
more of the contrary force than was equivalent 
to it, no induction external to the jar could be 
perceived; but when the inner coating was ex- 
tended by the rod and ball so that it could in- 
duce through the air towards external objects, 
then the tension of the polarized glass mole- 
cules would, by their tendency to return to the 
normal state, fall a little, and a portion of the 
charge passing to the surface of this new part 
of the inner conductor, would produce induc- 
tive action through the air towards distant ob- 
jects, whilst at the same time a part of the 

in the outer coating previously directed 
' would now be, at liberty, and indeed 

iK^netrauied to induct outwards through the 
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air, producing in that outer coating what is 
sometimes called, though I think very improp- 
erly, free charge. If a small Leyden jar be con- 
verted into that form of apparatus, usually 
known by the name of the electric well, it will 
illustrate this action very completely. 

1684. The terms /ree charffe and dissimvlated 
dectridty convey therefore erroneous notions 
if they are meant to imply any difference as to 
the mode or kind of action. The charge upon 
an insulated conductor in the middle of a room 
is in the same relation to the walls of that room 
as the charge upon the inner coating of a Ley- 
den jar is to the outer coating of the same jar. 
The one^is not more free or more diesimidated 
than the other; and when sometimes we make 
electricity appear where it was not ^ident be- 
fore, as upon the outside of a chared Jar, when, 
after insulating it, we touch the inner coating, 
it is only because we divert more or less of the 
inductive force from one direction inro anoth- 
er; for not the slightest change is in ^ch cir- 
cumstances impressed upon the character or 
action of the force. 

1685. Having given this general theoretical 
view, I will now notice particular points relat- 
ing to the nature of the assumed electric po- 
larity of the insulating dielectric parti(fles. 

1686. The polar state may be considered in 
common induction as a forced state, the parti- 
cles tending to return to their normal condi- 
tion. It may probably be raised to a very high 
degree by approximation of the inductric and 
inducteous bodies or by other circumstances; 
and the phenomena of electrolyzation (861, 
1652, 1706) seem to imply that the quantity of 
power which can thus be accumulated on a sin- 
gle particle is enormous. Hereafter we may be 
able to compare corpuscular forces, as those of 
gravity, cohesion, electricity, and chemical af- 
finity, and in some way or other from their ef- 
fects deduce their relative equivalents; at pres- 
ent we are not able to do so, but there seems no 
reason to doubt that their electrical, which are 
at the same time their chemical forces (891, 
918), will be by far the most energetic. 

1687. 1 do not consider the powers when de- 
veloped by the polarization as limited to two 
distinct points or spots on the surface of each 
particle to be considered as the poles of an axis, 
but as resident on large portions of that surface, 
as they are upon the surface of a conductor of 
sensible size when it is thrown into a polar 
state. But it is very probable, notwithstanding, 
that the particles^)! different bodies may pre- 
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sent fiped&c differences in this respect, ti^ 
powers not bdng equally diffused thou^ equal 
in quantity; other circumstances also, as form 
and quality, giving to each a peculiar polar re- 
lation. It is perhaps to the existence of some 
such differences as these that we may attribute 
the specific actions of the different dielectrics 
in relation to discharge (1394, 1508). Thus with 
respect to oxygen and nitrogen singular con- 
trasts were presented when spark and brush 
discharge were made to take place in these 
gases, as may be seen by reference to the table 
in paragraph 1518 of the Thirteenth Series; for 
with nitrogen, when the small negative or the 
large positive ball was rendered inductric, the 
effects corresponded with those which in oxy- 
gen were produced when the small positive or 
the large negative ball was rendered inductric. 

1688. In such solid bodies as glass, lac, sul- 
phur, &c., the particles appear to be able to be- 
come polarized in all directions, for a mass 
when experimented upon so as to ascertain its 
inductive capacity in three or more directions 
(1690), gives no indication of a difference. Now 
as the particles are fixed in the mass, and as 
the direction of the induction through them 
must change with its change relative to the 
mass, the constant effect indicates that they 
can be polarized electrically in any direction. 
This accords with the view already taken of 
each particle as a whole being a conductor 
(1669), and, as an experimental fact, helps to 
confirm that view. 

1689. But though particles may thus be po- 

larized in any direction under the influence of 
powers which are probably of extreme energy 
(1686), it does not follow that each particle 
may not tend to polarize to a greater degree, or 
with more facility, in one direction than an- 
other; or that different kinds may not have 
specific differences in this respect, as they have 
differences of conducting and other powers 
(1296, 1326, 1395). 1 sought with great anxiety 
for a relation of this nature; and selecting crys- 
talline bodies as those in which all the particles 
are symmetrically placed, and therrfore best 
fitted to indicate any result which might de- 
pend upon variation of the direction of the 
forces to the direction of the particles in which 
they were developed, experimented very care- 
fully with them. I was the more strongly stim- 
ulated to tins inquiry by the beautiful electri- 
^ condition df the crystalline bodies tourma- 
line ^d boracite, and hoped also to discover a 
relation between electric polarity and that of 
<^telH«MfctiQniorevenof (1316). 


My exp^rim^ts have not establiElied any con* 
nexion of the kind sought for. But as 1 thi^it 
of equal importance to shew either that there 
is or is not such a relation, I diall brid9y te* 
scribe the results. 

1690. The form of experiment was as follows. 
A brass ball 0.73 of an inch in diameter, fixed 
at the end of a horizontal brass rod, and that 
at the end of a brass cylinder, was by means ol 
the latter connected with a large Leyden bat* 
tery (291) by perfect metallic communications! 
the object being to keep that ball, by its con- 
nexion with the charged battery in an electri- 
fied state, very nearly uniform, for half an hour 
at a time. This was the inductric ball. The in- 
ducteous ball was the carrier of the torsion 
electrometer (1229, 1314); and the dielectric 
between them was a cube cut from a crystal, so 
that two of its faces should be perpendicular to 
the optical axis, whilst the other four were par- 
allel to it. A small projecting piece of shellac 
was fixed on the inductric ball at that, part op- 
posite to the attachment of the brass rod, tor 
the purpose of preventing actual contact be- 
tween the ball and the crystal cube. A coat of 
shellac was also attached to that side of the 
carrier ball which was to be towards the cube, 
being also that side which was farthest from 



the repelled ball in the electrometer when placed 
in its position in that instrument. The cube 
was covered with a thin coat of shellac dis- 
solved in alcohol, to prevent the deposition of 
damp upon its surface from the air. It was sup- 
port^ upon a small table of shellac fixed on 
the top of a stem of the same substance, the 
latter being of sufficient strength to sustain the 
cube, and yet flexible enough from its length to 
act as a spring, and allow the cube to 
when in its place, against the shellac on the in^ 
ductzic ball. 

1691. Thus it was easy to bring the indu^ 
teouB ball always to the same distance from the 
inductric ball, and to uninsulate and insulate 
it again in its place; and then, after meaeuHng 
the force in the eleotix>meto' (1181), to return 
it to its place <^)posite to the induettio baitt for 








ing tihte «tfmd wfaicb supi^orted cube to 
faic^g four ^)f its faces in succession towards the 
indui^c bail, and so observe the force when 
the lines of inductive action (1304) coincided 
whih, or were transverse to, the direction of 
Ifao optical axis of the crystal. Generally from 
twonty to twenty-eight observations were made 
In succession upon the four vertical faces of a 
cube, and then an average expression of the 
jjMluotive force was obtained, and compared 
wilh similar averages obtained at other times, 
every precaution being taken to secure accu- 
i!ate results. 

1602. The first cube used was of rock ery^; 
it was 0.7 of an inch in the side. It presented a 
remarkable and constant difference, the aver- 
age of not less than 197 observations, giving 
100 for the specific inductive capacity in the 
direction coinciding with the optical axis of 
the cube, whilst 93.59 and 93.31 were the ex- 
pressions for the two transverse directions. 

f693. But with a second cube of rock crystal 
ooaresponding results were not obtained. It was 
Q.77 of an inch in the side. The average of many 
eiqperiments gave 100 for the specific inductive 
capacity coinciding with the direction of the 
optical axis, and 98.6 and 99.92 for the two 
other directions. 

1694. Lord Ashley, whom I have found ever 
ready to advance the cause of science, obtained 
for me the loan of three globes of rock crystal 
bdonging to Her Grace the Duchess of Suther- 
land for the purposes of this investigation. Two 
had such fissures as to render them unfit for 
the experiments (1193, 1698). The third which 
was very superior, gave me no indications of 
any difference in the inductive force for dif- 
feient directions. 

1695. 1 then used cubes of Iceland spar. One 
Oifi of an inch in diamet^ gave 100 for the axial 
direction, and 98.66 and 95.74 for the two cross 
directions. Theoth^, 0.8 of an inch in the side, 
gave 100 for the axial direction, whilst 101.73 
and 101.86 were the numbers for the cross di- 
mition. 

4096^ Besides these differences there were 
oihsrSf which I do not think it needful to state, 
sinoe the main point is not confirmed. For 
thou^ the expmments with the first cube^ 
, raised great e:i^»eetati<m, th^ have not been 
generalized by those which followed. I have no 
of the resalts as to that cube, but they 

P t as be r^ened to crystallisaricm. 

are in tibe cube some faintly coloured 
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ter wMeh ookiiim themn^^ 
but then thelayers are also nearly parallel toa 
cross direction* and if at all infiuential should 
shew some in that direction also, which 
they did not. 

1697. In some of the experim^ts one half or 
one part of a cube showed a superiority to an- 
other part, and this 1 could not trace to any 
charge the different parts had received. It was 
found that the varnishing of the cubes prevent- 
ed any communication of charge to them, ex- 
cept (in a few experiments) a small degree of the 
negative state, or that which was contrary to 
the state of the inductric ball (1564, 1566). 

1698. 1 think it right to say that, ^ far as I 
could per^ive, the insulating characpr of the 
cubes used was perfect, or at least |bo nearly 
perfect, as to bear a comparison witk shellac, 
glass, <kc. (1255). As to the cause of t^ differ- 
ences, other than regular crystalline s^cture, 
there may be severd. Thus minute figures in 
the crystal insensible to the eye may be so dis- 
posed as to produce a sensible electrical dif- 
ference (1193). Or the crystallization may be 
irregular; or the substance may not be quite 
pure; and if we consider how minute a quan- 
tity of matter will alter greatly the conducting 
power of water, it will seem not unlikely that a 
little extraneous matter diffused through the 
whole or part of a cube, may produce effects 
sufficient to account for all the irregularities of 
action that have been observed. 

1699. An important inquiry regarding the 
electrical polarity of the particles of an insu- 
lating dielectric, is, whether it be the molecules 
of the particular substance acted on, or the 
component or ultimate particles, which thus 
act part of insulated conducting polarizing 
portions (1669). 

1700. The conclusion I have arrived at is, 
that it is the molecules of the substance which 
polarize as wholes (1347); and that however 
complicated the composition of a body may 
be, aXL those pmticles or atoms which are held 
together by chemical affinity to form one mole- 
cule of the resulting body act as one conducting 
mass or particle when inductive phenomena 
and polarization are produced in the substance 
of which it is a part. 

1701. This conclusion is founded on several 
conjriderations. Thus if we observe the insulate 
ing and conducting power qf demits when 
they are used as didectrios* W6 find some, as 
sidpbur,|fiioBphorus,ehlorii3^,iodme,&c.»whof^ 
particles inauiatebKSA^ tbei^cn^.polariip 
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^ve seai^y indkatbn of poBsesang a 
sensible proportion of this power US^)> tiieir 
particles fredy conducting one to another. Yet 
when these enter into combination they form 
substances having no direct relation apparent- 
ly, in this respect, to thdr elements; for water, 
sulphuric aci^ and such compounds formed of 
insulating elements, conduct by comparison 
freely; whilst o>dde of lead, flint glass, borate 
of l^i and other metallic compounds con- 
taining very high proportions of conducting 
matter, insulate excellently well. Taking oxide 
of lead therefore as the illustration, I conceive 
that it is not the particles of oxygen and lead 
which polarize separately under the act of in- 
duction, but the molecules of oxide of lead 
which exhibit this effect, all the elements of one 
particle of the resulting body, being held to- 
gether as parts of one conducting individual by 
the bonds of chemical affinity; which is but an- 
other term for electrical force (918). 

1702. In bodies which are electrolytes we 
have still further reason for believing in such a 
state of things. Thus when water, chloride of 
tin, iodide of lead, &c., in the solid state are 
between the electrodes of the voltaic battery, 
their particles polarize as those of any other 
insulating dielectric do (1164); but when the 
liquid state is conferred on these substances, 
the polarized particles divide, the two halves, 
each in a highly charged state, travelling on- 
wards until they meet other particles in an op- 
posite and equally charged state, with which 
they combine, to the neutralization of their 
chemical, i.e., their electrical forces, and the 
reproduction of compound particles, which can 
again polarize as wholes, and again divide to 
repeat the same series of actions (1347). 

1703. But though electrolytic particles po- 
larize as wholes, it would appear very evident 
that in them it is not a matter of entire indif- 
ference koio tiie particle polarizes (1689), since, 
wheniree to move (380, &c.) the polarities are 
ultimately distributed in reference to the ele- 
ments; and sums of force equivalent to the po- 
larities, and very definite in kind and amount, 
separate, as it were, from each other, and travel 
onwards with the elementary particles* And 

I do not pretend to know what an atcm 
iS) or how it is assodated or endowed witii elec- 
tried force, or bow this force is arranged in the 
ofr combination and deoomporition, yet 
strong bdid I have in tee electrical p<^r- 
of partides when under inductive aoti<m, 
^ t^bearing of sndi m opinion tbr gen- 


eral d^e^ of induction, wbetbd ordfamry* or 
electe)lyac, wfll be my excuse, I trust, for i 
few hypoftietical consMerations. 

1704. In electrolyzation it appears that 
polarized particles would (because of the grad- 
ual change which has been induced upon the 
chemical, i.e., the electrical forces of their ele^ 
ments [918] ) rather divide than discharge to 
each other without division (1348) ; for if tiidr 
division, i.e., their decomposition and recombi- 
nation, be prevented by giving them the solid 
state, then they will insulate electricity perhaps 
ahundred foldmoreintensethan that necessary 
for their electrolyzation (419, &c.). Hence the 
tension necessary for direct conduction in sudi 
bodies appears to be much higher than that for 
decomposition (419, 1164, 1344). 

1705. The remarkable stoppage of electro- 

lytic conduction by solidification (380, 1358), 
is quite consistent with these views of the de*- 
pendence of that process on the polarity which 
is common to all insulating matter when under 
induction, though attended by such peculiar 
electro-chemical results in the case of electro- 
Isrtes. Thus it may be expected that the first 
effect of induction is so to polarize and arrange 
the particles of water that the positive or hy- 
drogen pole of each shall be from the positive 
electrode and towards the negative electrode, 
whilst the negative or oxygen pole of each shall 
be in the contrary direction; and thus when the 
oxygen and hydrogen of a particle of water have 
separated, passing to and combining with other 
hydrogen and oxygen particles, unless these 
new particles of water could turn round they 
could not take up that position necessary for 
their successful electrol::^ie polarization. Now 
solidification, by fixing the water particles and 
preventing them from assuming that essential 
preliminary position, prevents also their elec- 
trolysis (413); and so the transfer of forces in 
that manner l^ing prevented (1347, 1703), the 
substance acts as an ordinary insulating die^ 
lectric (for it is evident by forma' experiments 
[419, 1704} that tiie insulating tension is hi^ 
er than the electrolytic tension), induction 
through it rises to a higher degree, and ^ 
polar condition of the molecules as wholes^ 
thou|^ greatly exalted, is still securely mtfm 
tain^* ' 

1706* Wben decomposition happens in afitiii 
electrolyte, I do not suppose that all the 
cuies in the same sectional plane (1634) pi^ 
with and transfer their electrified partidbm 0# 
dements at once. ProbaUy tee jNte 

for teat pfone is sozmned up on mse m fo# 
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l^idjesii whidi djecomposing, travellmg and 
j^ombining, restore the baWce of forces, 
much as in the case of spark disruptive dis- 
ehsxge (1406); for as those molecules resulting 
from particles whichhave just transferred power 
must by their position (1706) be less favour- 
ably circumstanced than others, so there must 
be some which are most favourably disposed, 
and these, by ^ving way first, will for the time 
lower the tension and produce discharge. 

1707. In former investigations of the action 
of electricity (821, &c.) it was shown, from 
many satisfactory cases, that the quantity of 
dectric power transferred onwards was in pro- 
portion to and was definite for a given quantity 
of matter moving as anion or cathion onwards 
in the electrolytic line of action; and there was 
strong reason to believe that each of the par- 
ticles of matter then dealt with, had associated 
with it a definite amount of electrical force, 
constituting its force of chemical affinity, the 
diemical equivalents and the electro-chemical 
equivalents being the same (836). It was also 
found with few, and I may now perhaps say with 
no exceptions (1341), that only those com- 
poimds containing elements in single propor- 
tions could exhibit the characters and phenom- 
cma of electrolytes (697) ; oxides, chlorides, and 
other bodies containing more than one propor- 
tion of the electro-negative element refusing to 
decompose under the influence of the electric 
current. 

1708. Probable reasons for these conditions 
and limitations arise out of the molecular the- 
ory of induction. Thus when a liquid dielectric, 
as chloride of tin, consists of molecules, each 
composed of a single particle of each of the ele- 
ments, then as these can convey equivalent 
Of^KMsite forces by their separation in opposite 
dai^tionSy both decomposition and transfer can 
result. But when the molecules, as in the bi- 
chloride of tin, consist of one particle or atom 
of one element, and two of the other, then the 
aInpUcity wi^ which the particles may be sup- 
posed to be arranged and to act, is destroyed. 
And, though it may be conceived that when 
the molecules of bichloride of tin are polarized 
as wholes by the induction across them, the 
pinritive pd^ force might accumulate on the 
one particle of tin whilst the negative polar 
Asroe accumulated on the two particles of chlo- 
rine associated with it, and that these might 
leapectively travdi right and left to unite with 
wl^two of chlorine and one of tin, in analogy 

what happens in eases of compounds con- 
pitipQHhms, yet this is not al- 


together so evident or probable. For when a 
particle of tin combines with two of dilorine, it 
is difficult to concrive that there ehould not be 
some relation of the three in the resulting mole- 
cule analogous to fixed position, the one parti- 
cle of metal being periiaps symmetrically placed 
in relation to the two of chlorine: and, it is not 
difficult to conceive of such particles ^at they 
could not assume that position dependent both 
on their polarity and the relation of their ele- 
ments, which appears to be the first step in the 
process of electrolyzation (1345, 1705). 

§ 21. Relation of the Electric and Magnetic 
Forces / 

1709. 1 have already ventured a few specula- 

tions respecting the probable relation of mag- 
netism, as the transverse force of the\cuiTent, 
to the divergent or transverse force of the lines 
of inductive action belonging to static Electric- 
ity (1658, &c.). \ 

1710. In the further consideration of this sub- 
ject it appeared to me to be of the utmost im- 
portance to ascertain, if possible, whether this 
lateral action which we call magnetism, or 
sometimes the induction of electrical currents 
(26, 1048, &c.), is extended to a distance hy the 
action of the intermediate particles in analogy 
with the induction of static electricity, 'or the 
various effects, such as conduction, discharge, 
&c., which are dependent on that induction; or, 
whether its influence at a distance is altogether 
independent of such intermediate particles 
(1662.). 

1711. 1 arranged two magneto-electric helices 
with iron cores end to end, but with an interval 
of an inch and three-quarters between them, in 
which interval was placed the end or pole of a 
bar magnet. It is evident, that on moving the 
magnetic pole from one core towards the other, 
a current would tend to form in both helices, in 
the one because of the lowering, and in the 
other because of the strengthening of the mag- 
netism induced in the respective soft iron cores. 
The helices were connected together, and also 
with a galvanometer, so that these two cur- 
rents should coincide in direction, and tend by 
their joint force to deflect the needle of the in- 
strument. The whole arrangement was so ef- 
fective and delicate, that moving the magnetic 
pole about the eighth of an inch to and fro two 
or three times, in periods equal to those re- 
quired for the vibrations of the galvanometer 
needle, was sufficient to cause considerable vi** 
bration in the latter; thus showing readily t^ 
consequence of strengthening the influem^ of 
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the raagnet on tiie one core and h^x,and di-* 


minishing it on the other. 

1712. Then without disturbing the distances 
of the magnet and cores, plates of substances 
were interposed. Thus calling the two cores A 
and B, a plate of shellac was introduced be- 
tween the magnetic pole and A for the time oc- 
cupied by the needle in swinging one way; then 
it was withdrawn for the time occupied in the 
return swing; introduced again for another 
equal portion of time; withdrawn for another 
portion, and so on eight or nine times; but not 
the least effect was observed on the needle. In 
other cases the plate was alternated, i.e., it was 
introduced between the magnet and A for one 
period of time, withdrawn and introduced be- 
tween the magnet and B for the second period, 
withdrawn and restored to its first place for the 
third period, and so on, but with no effect on 
the needle. 

1713. In these experiments shellac in plates 
0.9 of an inch in thickness, sulphur in a plate 
0.9 of an inch in thickness, and copper in a 
plate 0.7 of an inch in thickness were used with- 
out any effect. And I conclude that bodies, con- 
trasted by the extremes of conducting and in- 
sulating power, and opposed to each other as 
strongly as metals, air, and sulphur, show no 
difference with respect to magnetic forces when 
placed in their lines of action, at least under 
the circumstances described. 

1714. With a plate of iron, or even a small 
piece of that metal, as the head of a nail, a very 
different effect was produced, for then the gal- 
vanometer immediately showed its sensibility, 
and the perfection of the general arrangement. 

1715. 1 arranged matters so that a plate of 
copper 0.2 of an inch in thickness, and ten inch- 
es in diameter, should have the part near the 
edge interposed between the magnet and the 
core, in which situation it was first rotated 
rapidly, and then held quiescent alternately, 
for periods according with that required for the 
swinging of the needle; but not the least effect 
upon the galvanometer was produced. 

1716. A plate of shellac 0.6 of an inch in 
thickness was applied in the same manner, but 
whether rotating or not it produced no effect. 

1717. Occamonally the plane of rotation was 
directly across the magnetic curve: at other 
times it was made as oblique as possible; the 
<lirection of the rotation being abo changed in 
different experiments, but not the least effect 

produced. 

1718* I now removed the helices with their 
floft iron cores, and. replaced them by two fial 


m 

helices wound upon cardboard, each contain- 
ing forty-two feet of silked copper wire, and 
having no associated iron. Otherwbe the ar- 
r^ement was as before, and exceedingly sen- 
sible; for a very slight motion of the magnet 
between the helices produced an abundant vi- 
bration of the galvanometer needle. 

1719. The introduction of plates of sheUac, 
sulphur, or copper into the intervab between 
the magnet and these helices (1713), produced 
not the least effect, whether the former were 
quiescent or in rapid revolution (1716) . So here 
no evidence of the influence of the intermedi- 
ate particles could be obtained (1710). 

1720. The magnet was then removed and re- 
placed by a flat helix, corresponding to the two 
former, the three being parallel to each other. 
The middle helix was so arranged that a volta- 
ic current could be sent through it at pleasure. 
The former galvanometer was removed, and 
one with a double coil employed, one of the 
lateral helices being connected with pne coil, 
and the other helix with the other coil, in such 
manner that when a voltaic current was sent 
through the middle helix its inductive action 
(26) on the lateral helices should cause currents 
in them, having contrary directions in the coib 
of the galvanometer. By a little adjustment of 
the distances these induced currents were ren- 
dered exactly equal, and the galvanometer 
needle remained stationary notwithstanding 
their frequent production in the instrument. I 
will call the middle coil C, and the external 
coils A and B. 

1721. A plate of copper 0.7 of an inch thick 
and six inches square, was placed between coib 
C and B, their respective distances remaining 
unchanged; and then a voltaic current from 
twenty pairs of 4-inch plates was sent through 
the coil C, and intermitted, in periods fitted to 
produce an effect on the galvanometer (1712), 
if any difference had been produced in the ef- 
fect of C on A and B. But notwithstanding the 
presence of air in one interval and copper in 
the other, the inductive effect was exactly alike 
on the two coib, and as if air had occupied botibt 
intervab. So that notwithstanding the facility 
with which any induced currents might foim in 
the thick copper plate, the coil outside of it 
WBB just as much affected by the central hehx 
C as if no such conductor as the copper had 
been there (66). 

1722. Th^, for the copper plate was sob^ 
stituted one of sulphur 0.9 of an inch tlnek^ 
still theresults were exactly the same, ie., there 
was no action at the galvanmneter. 





' 1723« Thtw it a|)peaiB tii«t wheti a Altaic 
aarrent hi one ynre is exerting its inductive ac- 
tion to'produce a contrary or a similar current In 
a nd^hbouring vdre, according as the primary 
is commencing or ceasing, it makes not 
the least difference whether the intervening 
space is occupied by such insulatingbodiesas air, 
i^hur and shellac, or such conducting bodies 
as copper, and the other non-magnetic metals. 

1724. A correspondent effect was obtained 
with the like forces when resident in a magnet 
thus. A single flat helix (1718) was connected 
with a galvanometer, and a magnetic pole 
placed near to it; then by moving the magnet 
to and from the helix, or the helix to and from 
the magnet, currents were produced indicated 
by the galvanometer. 

1725. The thick copper plate (1721) was af- 
terwards interposed between the magnetic pole 

" and the helix; nevertheless on moving these to 
and fro, effects exactly the same in direction 
and amount, were obtained as if the copper had 
not been there. So also on introducing a plate 
of sulphur into the interval, not the least influ- 
ence on the currents produced by motion of the 
magnet or coils could be obtained. 

1726. These results, with many others which 
I have not thought it needful to describe, would 
lead to the conclusion that (judging by the 
amount of effect produced at a distance by 
forces transverse to the electric current, i.e., 
magnetic forces), the intervening matter, and 
therefore the intervening pailicles, have noth- 
ing to do with the phenomena; or in other 
words, that though the inductive force of static 
deetrici^ is transmitted to a distance by the 
action of the intermediate particles (1164, 
1666), the transverse inductive force of cur- 
rents, which can also act at a distance, is not 
transmitted by the intermediate pai^ticles in a 
dmilai* way. 

1727. It is however very evident that such 
a conclusion cannot be considered as proved. 
Thus when the metal copper is between the 
poleand the hdix (1715, 1710, 1725) or between 
the two hdioes (1721) we know that its parti- 
cles are affected, wd can by proper arrange- 
ments make their peculiar state for the time 
very e^ent by the production of either elec- 
trical or magnetical effects. It seems impossible 
to oonridm* this effect on the particles of the 
intervening matter as independent of that pro- 
duced by IhLe inducb^ coil or magnet C, on the 

1721);f^ since 
inducteouB body, is equally affected by 
inductric body wiu^r tibese intervening 


and affecM {m-rtictes of Are 
or not (1*^3, 1725), such a sttpporitioh wo^ 
imply that the panicles so ^ected had no 
reaction back on the origin^ inductric forces. 
The more reasonable conclusion, as it appears 
to me, is, to consider these affected particles 
as efficient in continuing the action onwards 
from the inductric to the induoteous body, 
and by this very communication producing the 
effect of no loss of induced power at the latter. 

1728. But then it may be asked what is the 
relation of the particles of insulating bodies, 
such as air, sulphur, or lac, when they intervene 
in the line of magnetic action? The answer to 
this is present merely conjectural. I have 
long thought there must be a particular con- 
dition of such bodies corresponding to the state 
which causes currents in metals and Other con- 
ductors (26, 53, 191, 201, 213); and considering 
that the bodies are insulators one would expect 
that state to be one of tension. I have by rotat- 
ing non-conducting bodies near magnexic poles 
and poles near them, and also by causing pow- 
erful electric currents to be suddenly formed 
and to cease around and about insulators in 
various directions, endeavoured to make some 
such state sensible, but have not succeeded. 
Nevertheless, as any such state must be of ex- 
ceedingly low intensity, because of thp feeble 
intensity of the currents which are used to in- 
duce it, it may well be that the state may exist, 
and may be discoverable by some more experi- 
mentalist, though I have not been able to make 
it sensible. 

1729. It appears to me possible, therefore, 
and even probable, that magnetic action may 
be communicated to a distance by the action of 
the intervening particles, in a manner having a 
relation to the way in which the inductive forc- 
es of static electricity are transferred to a dis- 
tance (1677); the intervening particles assum- 
ing for the time more or less of a peculiar con- 
dition, which (thou^ with a very imperfect 
idea) I have several times expressed by the 
term ekctro^omc state (60, 242, 1114, 1661). I 
hope it will not be understood that I hold the 
settled opinion that such is the case. I would 
rather in fact have proved the contrary, name- 
ly, that magnetic forces are quite independent 
of the matter intervening between the induc- 
tric and the inducteous bodies; but I cannot 
get over the difficulty presented by such sub- 
stances as copper, silver, lead, gold, carbon, 
and even aqueous solutions (201, 213), which 
though they are known to assume a peculiar 
state wh^t intervening babrnma the bodies 
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<1727), m iDi6iBei:itilbk- 
fm viith the final iiesult thbse wfahji 
have as yet had no peeoliarity of oond;tion dis- 
covered in them. 

1730. A remarh: important to the;vdiole of 
this investigation ought to be made here. Al- 
though I think the galvanometer used as I have 
described it (1711, 1720) is quite sufficient to 
prove that the final amount of action on each 
of the two coils or the two cores A and B (1713, 
1719) is equal, yet there is an effect which may 
be consequent on the difference of action of 
two interposed bodies which it would not show. 
As time enters as an element into these actions^ 
(125), it is very possible that the induced ac- 
tions on the helices or cores A, B, though they 
rise to the same degree when air and copper, or 
air and lac are contrasted as intervening sub- 
stances, do not do so in the same time; and yet, 
because of the length of time occupied by a vi- 
bration of the ne^le, this difference may not 
be visible, both effects rising to their maximum 
in periods so short as to make no sentiMe 
portion of that required for a vibration of 
the needle, and so exert no visible influence 
upon it. 

1731. If the lateral or transv^ie force of 
electrical currents, or what appears to be the 
same thing, magnetic power, could be proved 
to be influential at a distance independently of 
the intervening contiguous particles, then, as 
it appears to me, a real distinction of a high 
and important kind, would be established 
tween the natures of these two forces (1654, 
1664). I do not mean that the powers are inde- 
pendent of each other and might be rendered 
separately active, on the contrary they are 
probably essentially associated (1654), but it 
by no means follows that they are of l^e same 
nature. In common statical induction, in con- 
duction, and in electrolyzation, the forces at 
the opposite extremities of the particles which 
coincide with the lines of action and have com- 
monly been distinguished by the term electric, 
are polar, and in the cases of contiguous par- 
ticles act only to insensible distanm; whilst 
those which are tiansverse to the direction of 
these lines, and are calledmagnetic, are ciroum- 
ferential, act at a distance, and if not through 
the mediation d the intervening partiotes, have 
their relations to ordtnf^ matter entirely un- 
like those of the electri^ forced with which 
they are assodated. 

^ de 1883, Vol. L!, i^. 422, 

428. ■ 


1732. To decide this ifuestion of the identic 
or distinction of the two kinds of power, and es- 
tablish their true relation, would be exceeding^ 
ly important. The question seems fully withlh 
the reach of experiment, and offers a hig^ 'mr 
ward to him who will attempt its settieo^nli; 

1733. 1 have already expressed a hope of find- 
ing an effect or condition which shall bp to 
statical electricity what magnetic force fa to 
current electricity (1658). If I could have 
proved to my own satisfaction that magnetic 
forces extended their influence to a distance by , 
the conjoined action of the intervening parti- 
cles in a manner analogous to that of eleetiic^ 
forces, then I should have thought that the 
natural tension of the lines of inductive aotiou 
(1659), OF that state so often hinted at as the 
electro-tonic state (1661, 1662), was this re- 
lated condition of statical electricity. 

1734. It may be said that the state of no 
eral actum is to static or inductive force the 
equivalent of magnetim to current force; but 
that can only be upon the view that electric 
and magnetic action are in their nature essen- 
tially different (1664). If they are the same 
power, the whole difference in the results being 
the consequence of the difference of direcftoi^ 
then the normal or undeveloped state of eleetrili 
force will correspond with the state of no Icdetci 
actnon of the magnetic state of the force; the 
electric current will correspond with the lateral 
effects commonly called magnetism; butihe 
state of static induction which is between the 
normal condition and the current wiU still rer 
quire a corresponding lateral condition in Ijie 
magnetic series, presenting its own peculifar 
phenomena; for it can hardly be supposed tiiat 
the normal electric, and the inductive or polar- 
ized electric, condition, can both have tiiesame 
lateral relation. If magnetism be a separate 
and a higher relation of the powers dev^ped, 
then perhaps the argument which presses to 
this third condition of that force would not be 
so strong. 

1736. 1 cannot conclude these general fWf 
marlm upm)i the rriation of the electric aqil 
magnetic tocos without expressing myjsiii^ 
prise at the remilts obtained wi& the 
plate (1721, 1725). The experiments wi^ ^ 
flat hdiiees Represent one of the simfdestiefawfa 
of the induction of riectrieai currents (11^1; 
the effect, as fa well known, 
production of a momentary current, ina tidre si 
the instant when a current in the contrary 
direction begins to pass thrcn^ifh a 
ing parallel wire, and thei an 
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bri^l e&rmtt in t&e refverse direction 
ti^ben the determhdng current is stopped (26). 
Such being the case, it seems very extraordin^ 
Ary that this induced current which takes place 
in the helix A when there is only air between 
A and C (1720) should be equally strong when 
#»iit air is replaced by an enormous mass of 
that excellently conducting metal copper 
(1721). It might have been supposed that this 
mass would Imve allowed of the formation and 
discharge of almost any quantity of currents 
in it, which the helix C was competent to in- 
duce, and so in some degree have diminished 
if not altogether prevented the effect in A: 
instead of which, though we can hardly doubt 
that an infinity of currents are formed at the 
moment in the copper plate, still not the 
smallest diminution or alteration of the effect 
in^A appears (66). Almost the only way of 
reconciling this effect with generally received 
notions is, as it appears to me, to admit that 
magnetic action is communicated by the action 
of the intervening parlacles (1729, 1733). 

1736. This condition of things, which is very 
remarkable, accords perfectly with the effects 
observed in solid helices where wires are coiled 
over wires to the amount of five or six or more 
layers in succession, no diminution of effect on 
theouter ones being occasioned by those within. 

j 22. Note on Ekctrieal Excitation 

1737. That the different modes in which elec- 
trical excitement takes place will some day or 
other be reduced under one common law can 
hardly be doubted, though for the present we 
are bound to admit distinctions. It will be a 
great point gained when these distinctions are, 
not removed, but understood. 

1738. The'strict relation of the electrical and 
dhemical powers renders the chemical mode of 
excitement the most instructive of all, and the 
case of two isolated combining particles is prob- 
ably the mmj^est that we possess. Here how- 
ever the action is local, and we still want such 
a test of electricity as shall apply to it, to cases 
of current electridty, and also to those of static 
induction. Whenever by Virtue of the previ- 
omdy combined condition of some of the acting 
particles (023) We are miabled, as in the voltaic 
pfie, to expand or convert the local action into 
a cmrent j them chemical action can be traced 
tfirou^ its variations to the production of aU 
the phenomena of tension and the static state, 
thM being in every respect the same as if the 

lorceS produdng them had been de** 


1730; It was BCrseHus^ 1 be^ve; who fimt 
spoke of the aptness of certain particles to as* 
sume opposite states when in presence of each 
other (959). Hypothetically we may suppose 
these states to increase in intensity by increased 
approximation, or by heat, &c., until at a cer- 
tain point combination occurs, accompanied by 
such an arrangement of the forces of the two 
particles between themselves as is equivalent to 
a discharge, producing at the same time a 
particle which is throughout a conductor ( 1700) . 

1740. This aptness to assume an excited elec- 
trical state (which is probably polar in those 
forming non-conducting matter) appears to be 
a primary fkdt, and to partake of the nature of 
induction (1162), for the particles do noi seem 
capable of retaining their particular state inde- 
pendently of each other (1177) or of matrer in 
the opposite state. What appears to be definite 
about the particles of matter is their assump- 
tion of a particular state, as the positive or neg- 
ative, in relation to each other, and not of 
either one or other indifferently; and also the 
acquirement of force up to a certain amount. 

1741. It is easily conceivable that the same 
force which causes local action between two 
free particles shall produce current force if one 
of the particles is previously in combination, 
forming part of an electrolyte (923, 1738). Thus 
a particle of zinc, and one of oxygen, when in 
presence of each other, exert their inductive 
forces (1740), and these at last rise up to the 
point of combination. If the oxygen be pre- 
viously in union with hydrogen, it is held so 
combined by an analogous exertion and 
arrangement of the forces; and as the forces of 
the oxygen and hydrogen are for the time of 
combination mutually engaged and related, so 
when the superior relation of the forces be- 
tween the oxygen and zinc come into play, the 
induction of the former or oxygen towards the 
metal cannot be brought on and increased with- 
out a corresponding deficiency in its induction 
towards the hydrogen with which it is in com- 
bination (for the amount of force in a particle 
is considered as definite), and the latter there- 
fore has its force turned towards the oxygen of 
the next particle of water; thus |he effect may 
be considered as extended sensible dis- 
tances, and thrown into tM^sondition of static 
induction, which being ^i^harged and then 
r^oved' by the aotiue df other particles pro- 
duces curredts* ; 

1742. In the ddnunon voltaic battery, the 
current is oe^Sidoued by the tendency of the 
zinc to take oxygen of the water from the 
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hydrof^, the eSeetire action bdngat^pboe 
where the oxygen leaves &e previously existr 
ing electrolyte. But Schoenbein has arranged a 
battery in which the effective action is at the 
other extremity of ^ essential part of the 
arrangement, namely, where oxygen goes to 
the electrol 3 rte.^ The first may be considered as 
a case where the current is put into motion by 
the abstraction of oxygen from hydrog^, the 
latter by that of hydrogen from oxygen. The 
direction of the electric current is in both cases 
the same, when referred to the direction in 
which the elementary particles of the electro- 
lyte are moving (923, 962), and both are equal- 
ly in accordance with the hypothetical view of 
the inductive action of the particles just de- 
scribed (1740). 

1743. In such a view of voltaic excitement 
the action of the particles may be divided into 
two parts, that which occurs whilst the force in 
a particle of oxygen is rising towards a particle 
of zinc acting on it, and falling towards the par- 
ticle of hydrogen with which it is associated 
(this being the progressive period of the in- 
ductive action), and that which occurs when 
the change of association takes place, and the 
particle of oxygen leaves the hydrogen and 
combines with the zinc. The formerappears to 
be that which produces the current, or if there 
be no current, produces the state of tension at 
the termination of the battery; whilst the lat- 
ter, by terminating for the time the influence of 
the particles which have been active, allows of 
others coming into play, and so the effect of 
current is continued. 

1744. It seems highly probable that excite- 
ment by friction may very frequently be of the 
same character. Wollaston endeavoured to re- 
fer such excitement to chemical action;* but 
if by chemical action ultimate union of the act- 
ing particles is intended, then there are plenty 
of cases which are opposed to such a view. 
Davy mentions some such, and for my own 
part I feel no diflUculty in admitting other 
means of electrical excitement than chemical 
action, especially if by chemical action is meant 
a final combination of the partides. 

1745. Davy refers experimentally to the op- 
posite states which two particles having oppo- 
site chemical relations can assume when they 
are brought into f he dose vicinity of each other, 
but nof allowed to eombine.* This, I think, is 

> PhUosqpkieal MaqanMt 1838, XII, 226« 315. See 
De la Rive's restuts wiUiperozide of maiiBanese. 
Annoles de GhMU, 1836, p. 40., JDm. 1838. 


the first part of the artbn already deseribed 
(1743) ; (mt in my opinion it cannot give rise 4b 
a continuous current unless combination take 
place, so as to allow other particles to act suo- 
oessively in the same manner, imd not even 
then unless one set of the particles be present 
as an element of an electrolyte (923, 963); 
i.e., mere quiescent contact alone without 
chemical action does not in such cases produce 
a current. 

1746. Still it seems very possible that such a 
relation may produce a high charge, and thus 
give rise to excitement by friction. When two 
bodies are rubbed together to produce electric- 
ity in the usual way, one at least must be an 
insulator. During the act of rubbing, the par- 
ticles of opposite kinds must be brought more 
or less closely together, the few which are most 
favourably circumstanced being in such dose 
contact as to be short only of that which is con>^ 
sequent upon chemical combination. At such 
moments they may acquire by their mutual in- 
duction (1740) and partial discharge to each 
other, very exalted opposite states, and when, 
the moment after, they are by the progress of 
the rub removed from each other^s vicinity, 
they will retain this state if both bodies be in- 
sulators, and exhibit them upon their complete 
separation. 

1747. All the circumstances attending fric- 
tion seem to me to favour such a view. The ir- 
regularities of form and pressure will cause 
that the particles of the two rubbing surfaces 
will be at very variable distances, only a few at 
once being in that very dose relation which is 
probably necessary for the development of the 
forces; further, those which are nearest at one 
time will be further removed at another, and 
others will become the nearest, and so by con- 
tinuing the friction many will in succession be 
excited. Finally, the lateral direction of the 
separation in rubbing seems to me the best fit- 
ted to bring many pairs of particles, first of all 
into that dose vicinity necessary for their as- 
suming the opposite states by relation to each 
other, and then to remove tiiem from ead^ 
other’s influence whilst they retain that state, 

1748. It would be easy, on the sune view^ Id 
explain hypothetically, how, if one of the nib^ 
bing bodtes be a ocmductor, as the amalgam of 
an dectrical machine, the state of the 
when it comes from under the friction is a 
mass) exalted; but it would be folly to go fm* 
into such speculation before that already ad- 
vanced has been confinned qr corrected , by fit 
experimentai etddenoe. 1 do hot nish iit to be 
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tet>£tituii kmd; on the contrary, certain experi- tnrbaxm inflaendal at tiie eame tune, id|leh 

mento lead me to beUeve that in many cases, wehayenot asyetdistinguidied. 
mid perhaps in all, effects of a th^mo-electric 
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1749< WoNDBBFUL as are the laws and phe- 
nomena of electricity when made evident to us 
in inorganic or dead matter, their interest can 
bear scarcely any comparison with that which 
Attaches to the same force when connected 
with the nervous system and with life; and 
though the obscurity which for the present 
surrounds the subject may for the time also 
ve^ its importance, every advance in our knowl- 
edge of this mighty power in relation to inert 
tiikigs, helps to dissipate that obscurity, and 
to set forth more prominently the surpass- 
4ng interestof this very high branch of physi- 
cal philosophy. We are indeed but upon the 
thr^old of what we may, without presump- 
tion, believe man is permitted to know of tl^ 
matter; and the many eminent philosophers 
who have assisted in making this subject 
Imown have, as is v^ evident in their wnt- 
ihgs, felt up to the latest moment that such 
is the case, 

1750. The existence of animals able to give 
the same concussdon to Ihe living system as the 
deotrical.machine, the voltaic battery, and the 
tiiunder-storm, being with their habits made 
, losown to us by Richer, S’Oravesende, Firmin, 
WaUi, Humboldt, Sdc. &c., it became of grow** 
ing importance to identify the living power 
whidi ihcw possess, with lhat which man can 
call into action from inert matter, and by 
hto named deotiicity (265, 351). Wi^ the tor- 
pedo tins has bemi done to perfection, and 
direction of the current of force deter- 
itiimedby tbeuititedandsaoeestivelab^ of 
Wslshi^ Cavmdidi,^ Oahaiii,* Gardini^^ Hum- 
^ and Gay^J^iUssafCi* Todd,* Sir Humphry 

1773, p. 461. 

:?:^fw.a776.p. 196. 

'M' 11, 61. 

, . . 4 mSluirieiigniB Natura, 1 71, Mantua, 179Sk 
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Davy,^ Dr. Davy, *Becquerd[,* and Mdtteuoci.^ 

1751. The gymnotus has also been experi- 
mented with for the same purpose, ana the in- 
vestigations of Williamson, “ Garden,^* Hum- 
boldt, “ Fahlberg,^* and Guisan;“ have gone 
very far in showing the identity of the tiectric 
force in this animal with the electricity excited 
by ordinary means; and the two latter philoso- 
phers have even obtained the spark. 

1752. As an animal fitted for the further in- 
vestigation of this refined branch of science, 
the gymnotus seems, in certain respects, better 
adapted than the torpedo, especially (as /Hum- 
boldt has remarked) in its power of bearing 
confinement, and capability of bmng preserved 
alive and in health for a long period. A gym- 
notus has been kept for several months in activ- 
ity, whereas Dr. Davy could not preserve tor- 
p^oes above twelve or fifteen days; and Mat- 
teucci was not able out of 116 such fish to keep 
one living above three days, though every cir- 
cumstance favourable to their preservation 
was attended to.^ To obtain gymnoti has there- 
fore been a matter of consequence; and being 
stimulated, as much as 1 was honoured, by 
very kind communications from Baron Hum- 
boldt, lin the year 1835 applied to the Colonial 
Office, where 1 was prond^ every assistance 
in procuring some of these fishes, ahd continu- 
ally expect to receive either news of them or 
the animals themselves. 

1753. Sinoe that time Sir Everard Home has 
also moved g friend to send somegyxnnoti over, 

X829,p. 15. 
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to baocmoippod to Bk Rjo^^ 

DiBss our late. Preddent; and other gehtiemeu 
are also engaged in the same work. This spirit 
induces me to insert in the present communi- 
cation that part of the letter from Baron Hum- 
bddt which I received as an answer to my in- 
quiry of how they were best to be conveyed 
across l^e Atlantic. He says, ^'Tfae gymnotus, 
which is common in the Uanos de Caracas 
(near Calaboso), in all the small rivers which 
flow into the Orinoco, in English, French or 
Dutch Guiana, is not of difficult trani^orta- 
tion, We lost them so soon at Paris because 
they were too much fatigued (by experiments) 
immediately after their arrival. MM. Norder- 
ling and Fahlberg retained them alive at Paris 
above four months. 1 would advise that they 
be transported from Surinam (from Essequibo, 
Demerara, Cayenne) in summer, for the gym- 
notus in its native country lives in water of 25^ 
centigrade (or 77® Fahr.). Some are five feet in 
height, but I would advise that such as are 
about twenty-seven or twenty-eight inches in 
length be chosmi. Their power varies with their 
food, and their state of rest. Having but a small 
stomach they eat little and often, their food 
being cooked meat, not salted, small fish, or 
even bread. Trial should be made of their 
strength and the fit kind of nourishment before 
they are shipped, and those fish only selected 
alr^y accustomed to their prison. I retained 
them in a box or trough about four feet long, 
and sixteen inches wide and deep. The water 
must he fresh, and be changed every three or 
four days: the fish must not be prevented from 
coming to the surface, for they like to swallow 
air. A net should be put over and round the 
trough, for the gymnotus often springs out of 
the water. These are all the directions that I 


ceptediihm ofer. this gy:^Qtu 0 ,>aii^ 
the kind assifltapoe of Mr. Bradley of (iie Ca^ 
lery, Mr. Gassiot, and occasionally other gen- 
tlemen, as Professors Daniell, Owen and ^eat- 
stone, I have obtained every proof of the iden-' 
tity of its power with common deetrieity (26&i^ 
361., &o.)« All of these had been obtained before 
with the torpedo (1760), and some, as the 
shock, circuit, and spark U751), with the gym- 
notus; but still 1 think a brief account oi the 
results will be acceptable to the Royal Society,, 
and I give them as necessary preliminary exr 
periments to the investigations which we may 
hope to institute when the expected supply ^ 
animals arrives (1762). 

1755. The fish is forty inches long. It ^ 
caught about March 1838; it was brought to 
the Gallery on the 15th of August, but did not 
feed from the time of its capture up to the lfl|th 
of October. From the 24th of August Mr. Brad- 
ley nightly put some blood into the water# 
which was changed for fresh water next morn- 
ing, and in this way the animal perhaps ob- 
tained some nourishment. On the 19th of Octo- 
ber it killed and eat four small fish; since then 
the blood has been discontinued, and the ani- 
mal has been improving ever since, consuming 
upon an average one fish daily ; 

1756. 1 first experimented with it on the 
of September, when it was apparently langu^ 
but gave strong shocks when the hands 
favourably disposed on the body (1760, 1^3, 
&c.). The experiments were made on four dif- 
ferent days, allowing periods of rest from a 
month to a week between each. His health 
seemed to improve continually, and it was dur- 
ing this period, between the third and fourth 
days of experiment, that he began to eat. 

1757. Beside the hands two ^ds of coUeo- 


can give you. It is, however, important that the 
ank^ should not be torment or fatigued, 
for it becomes exhausted by frequent electric 
explosions. Several gymnoti nmy be retained 
in the same trough.” 

1754. A gymnotus has lately been brou^t to 
this country by Mr. Porter, and purcha^ by 
the proprietors of the Gallery in AddakleStreet : 
they immediaW uiost liberally offered me the 
lib^y of experimenting with the fi^for scien- 
tific purposes^ t^y placed it for the tipie ex- 
clusivity at ipy d^posal, that (in aoj^orilance 
with Humboldt’s di^etions (1763] ) itn powers 
mitituot be impaired^cply dedrmgme to have 
a regaid for its life and health. I was 
to t^ advantage of thtr wish to f orwaad the 
intej^ tnany thtalpi ad- 


tors were used. The one sort consisted each of a 
copper rod fifteen inches long, having a eopfm 
disc one inch and a half m (fleeter brasm^tp'/ 
one extremity, and a copper cylinder to aer^ 
asahandle, with large contact to the hand, fixed 
to the oth^, the rod from the disc upward^ 
ing well covered with a thick caoiit^ouc . 
to insulate that from the water. BylhM 
the states of particular parts of tiie fish 
in theiivatBr coidd be ascertained. 

1758. other kmd of coUectom wi^;^-v 
tended to m^ the difficulty presented % ^ 
(x>xnploto iwuerrion of the firi^ fo wa^^.ldr 
even when obtaining the spark itedf I dU 
think myself justified in asking for the removal 
of the animal into air. A plate of tapper 
, 1 Ths fish .eaten were gudosona, joarp, and pereh. 
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indies lo])(g two bches and a half widSi was 
bent mtoasadcUeshape, that it mi^t pass ovei* 
the and inclose a certain extent of the back 
and eddes, and a thick copper wire was braaed 
. to it|^ to convey the electric force to the experi- 
mental apparatus; a jacket of sheet caoutchouc 
was put over the saddle, the edges projecting 
at the bottom and the ends; the ends were 
made to converge so as to fit in some degree the 
body of the fish, and the bottom edges were 
made to spring against any horizontal surface 
on which the saddles were placed. The part of 
the wire liable to be in the water was covered 
with caoutchouc. 

1759. These conductors being put over the 
fish, collected power sufficient to produce many 
electric effects; but when, as in obtaining the 
spark, every possible advantage was needful, 
then glass plates were placed at the bottom of 
ihe water, and the fish being over them, the 
conductors were put over it until the lower 
caoutchouc edges rested on the glass, so that 
the part of the animal within the caoutchouc 
was thus almost as well insulated as if the gym- 
notus had been in the air. 

1760. Sfmk. The shock of this animal was 
very powerful when the bands were placed in a 
favourable position, i.e., one on the body near 
the head, and the other near the tail ; the near- 
er the hands were together within certain lim- 
its the less powerful was the shock. The disc 
conductors (1757) conveyed the shock very 
well when the hands were wetted and applied 
in close contact with the cylindrical handles; 
but scarcely at all if the handles were held in 
the dry hands in an ordi^^ry way. 

1761. GahaTwmeter. Using the saddle con- 
ductors (1758) applied to the anterior and pos- 
terior parts of the gymnotus, a galvanometer 
was readily affected. It was not particularly 
ddicate; for zinc and platina plates on the up- 
pbr and lower surface of the tongue did not 
cause a permanent deflection of more than 25^; 

when the fish gave a powerful discharge the 
deflexion was as much as 30°, and in one case 
eveh . The deflection was constantly in a 
^ven direction, the electric current being al- 
ways from the anterior parts of the animal 
%ou^ the galvanmneter wire to the posterior 
juirts. The former were therefore for the time 
externally positive, and the latter negative. 

1762. a moffnet. When a little helix 
1te*iteimngtwentyi-twofeetofsilkedwirewo^^ 

a mitt was put intb the circuit, and an an- 
Mted sted ne^ie placed in the the nee- 

bfNMme a magnet, and the direction of its 


polarity In everjr case indicated a ourrmt from 
the anterior to the posterior parts of the gym- 
notus through the conductors used. 

1763. Ckemiedl decmiposition. Polar decom- 

position of a solution of iodide of potassium 
was easily obtained. Three or four folds of paper 
moistened in the solution (322) were placed 
between a platina plate and the end of a wire 
also of platina, these being respectively con- 
nected with the two saddle conductors (1758). 
Whenever the wire was in conjunction With 
the conductor at the fore part of the gymnotus, 
iodine appeared at its extremity; but when con- 
nected with the other conductor, none was 
evolved at the place on the paper wh^e it be- 
fore appeared. So that here again the direction 
of the current proved to be the samelas that 
given by the former tests. \ 

1764. By this test I compared the middle 
part of the fish with other portion's before and 
behind it, and found that the conducinor A, 
which being applied to the middle was negative 
to the conductor B applied to the anterior parts 
was, on the contrary, positive to it when B was 
applied to places near the tail. So that within 
certain limits the condition of the fish externally 
at the time of the shock appears to be such that 
any given part is negative to other parts anter- 
ior to it, and positive to such as are behihd it. 

1765. EvolvJLion of heat. Using a Harris 
thermo-electrometer belonging to Mr. Gassiot, 
we thought we were able in one case, namely 
that when the deflection of the galvanometer 
was 40° (1761), to observe a feeble elevation of 
temperature. I was not observing the instru- 
ment myself, and one of those who at first be- 
lieved they saw the effect now doubts the re- 
sult.^ 

1766. 5porfc. The electric spark was obtained 
thus. A good magneto-electric coil, with a core 
of soft iron wire, had one extremity made fast 
to the end of one of the saddle collectors (1758), 
and the other fixed to a new steel file; another 
file was made fast to the end of the other Col- 
lector. One person then rubbed the point of 
one of these files over the face of the other, 
whilst another person put the collectors over 
the fish, and endeavoured to excite it to action. 
By the friction of the files contact was made 
and broken very frequently; and the object 
was to catch the moment of the current through 
the wire and helix, and by bteaking contact 
dtering the current to make the electricity sen** 
rible as a spark. 

. 1 Iv more recent eamriments of the same kiiid we 
C6md not dbtttin the effect 



m. 1888 nmrnjmi: m. 


1767. Tbd spftrk wm obta|ne4 four 

and neaily all who w«re prepeat eaw it. Tbat it 
was aot due to the mere atl^tim of the two 
piles was shown by its not occurring when the 
files were rubbed together, independently of 
the animal. Since then I have substituted for 
the lower file a revolving steel plate, cut file 
faction on its face, and for the upper file wires 
of iron, copper and silver, with all of which the 
spark was obtained.^ 

1768. Such were the general electric phenom- 
ena obtained from this gymnotus whilst living 
and active in his native element. On several oc- 
casions many of them were obtained together; 
thus a magnet was made, the galvanometer de- 
flected, and perhaps a wire heated, by one single 
discharge of the electric force of the animal. 

1769. I think a few further but brief de- 
tails of experiments relating to the quantity 
and disposition of the electricity in and about 
this wonderful animal will not be out of place 
in this short account of its powers. 

1770. When the shock is strong, it is like that 
of a large Leyden battery charged to a low de- 
gree, or that of a good voltaic battery of per- 
haps one hundred or more pair of plates, of 
which the circuit is completed for a moment 
only. I endeavoured to form some idea of the 
quantity of electricity by connecting a large 
Leyden battery (291) with two brass balls, 
above three inches in diameter, placed seven 
inches apart in a tub of water, so that they 
might represent the parts of the gymnotus to 
which the collectors had been applied; but to 
lower the intensity of the discharge, eight inch- 
es in length of six-fold thick wetted string were 
interposed elsewhere in the circuit, this being 
found necessary to prevent the easy occurrence 
of the spark at the ends of the collectors (1758), 
when they were applied in the water near to 
the balls, as they had been before to the fish. 
Being thus arranged, when the battery was 
strongly charged and discharged, and the hands 
put into the water near the balls, a shock was 
felt, much resembling that from the fish; and 
though the experiments have no pretension to 
accuracy, yet as the tension could he in some 
degree imitated by reference to the more or 
less ready production of a spark, and after that 
the shock used to indicate whether the quan- 
tity was About the same, I think we may con- 
clude that a single medium discharge of the 

* At a later meeting, at which attempts were made 
to cause the;Sttraption of gold leaves, the ^ark wae 
obtained directly between fixed surfaces, the induo- 
uve coii ( 1766 ) being removed, and only short wires 
vby eomparieon) employsd. 


fifib is at least equal to 4he electriirity qf 
den batteiy of filteen jars, containing 38^ 
square inotes of glaai coated on bol^ sides, 
dbarged to its hipest degree (291). This con-* 
elusion, respecting the great quantity of dee? 
tricity in a single gymnotus shock, is in perfect 
accordance with the degree of deflection which 
it can produce in a galvanometer needle (367, 
860, 1761), and also with the amount of cbemi^ 
cal decomposition produced (374, 860, 1763) in 
the electrolysing experiments. 

1771. Great as is the force in a single dia* 
charge, the gymnotus, as Humboldt describes^ 
and as I have frequently experienced, gives a 
double and even a triple shock; and this capa- 
bility of immediately repeating the effect with 
scarcely a sensible interval of time, is very im- 
portant in the considerations which must arise 
hereafter respecting the origin and excitement 
of the power in the animal. Walsh, Humboldt, 
Gay-Lussac, and Matteucci have remarked the 
same thing of the torpedo, but in a far more 
striking degree. 

1772. As, at the moment when the fish wills 
the shock, the anterior parts are positive and 
the posterior parts negative, it may be conclud- 
ed that there is a current from the former to 
the latter through every part of the water which 
surrounds the animal, to a considerable dis- 
tance from its body. The shock which is felt, 
therefore, when the hands are in the most fa- 
vourable position, is the effect of a very small 
portion only of the electricity which the animal 
discharges at the moment, by far the largest 
portion passing through the surrounding water. 
This enormous external current must be accom- 
panied by some effect within the fish equivakfd 
to a current, the direction of which is from the 
tail towards the head, and equal to the sum of 
all Uiese exlermlform. Whether the process of 
evolving or exciting the electricity within the 
fish includes the pr<^uction of this internal cip>- 
rent (which need not of necessity be as quick 
and momentary as theextemal one), we cannot 
at present say; but at the time of the shock the 
animal does not apparently feel the electric senr 
sation which he causes in those around him. 

1773. By the help of the accompanying diar 

gram I wUl state a few experiment^ resqlta 
which illustrate the current around the fish, i0ir 
show the cause of the difference in character^ 
the shock occarioned by the various wa^ in 
which the person is connected with ^ animal, 
or his position altered with r^pect to it« Tk^ 
large circle reiwesentstbe tub in which theaiu- 
mal is oonfined;its ^ fortyHOxiiM^ 





it is supported on dirirobden. lsg^. Tbe 
r^reunttheidafles 'Rdieie'Swimds or 
dise oonduotoTB (1767) were ei^lied, aiui 
srherethsy we dose to the figure of ^e animal, 
It b&t^es that contact with the fish was made. 
itrffldes^inatedifferentpersoBsbyAjBiCidcc., 
A tMuag the person w^ excited the fiA to 
tuiUkax. 

1774. When one hand was in the water the 
diock was felt in that hand only, whatever part 
of tile fish it was applied to; it was not very 
strong, and was only in the part immersed in 
the water. When the hand and part of the arm 
were in, tiie shock was felt in all the parts im> 
mcHsed. 



1776. When bUh hands were in the water at 
&e> imits pwt of tiie fidi, still the shock was 


OOk^paratlvdy wedc, and only in the parts im- 
qiha^. If the hands were on opposite sides, as 
sit'l, 2; or at 3, 4, or 5, 6, or if one was above 
and the other bdow at the same part, tiie ^ect 
the- same. When the disc rollectors were 
tisedlntliehe positions no effect was fdt by the 
peteott hoUfing them (and this eonmipcmds with 
tiieobtiwvatitm idl Clay*Lu8sac on torpedoes),^ 
iiMit other perscttm, vdtii both hands in at a 
dkdanee from the fiih, {tit oontidwahle diocks. 
^ . '1776. When both handkor tiiedise etilectors' 
iif^.i^tiied at pfatoee separated by a put of 
.;4^|h4eii^oftiieaidinal,a8at l,3,or 4, 6, or 3, 
'^ithen strmig ihoeks eutteDdiiiK up the anae,i 


aad of 

o^BOther 

hand in atany<rfthi^ places, 
little. The shock oonld be obtained at parts very 
near the tail, as at 8, 9. 1 think it was si^nngest 
at about 1 and 8. As the hands were brought 
nearer together the effect diminished, until be» 
ing in the same cross plane, it was, as before de- 
scribed, only sensible in t^e parts immersed 
(1775). 

1777. Bplacedhishand8atl0,ll,atleastfour 
inches from the fish, whilst A touched the ani- 
mal with a glass rod to excite it to action; B 
quickly received a powerful shock. In another 
experiment of a similar kind, as respects the 
non-necessfty of touching the fish, seveml per- 
sons received shocks indepeiMently 
of each other; thus A was at 4, 6; B 
at 10, 11; C at 16, 17; and D kt 18, 
19; all were shocked at once, and 
B very strongly, C and D feeblV. It 
is very useful, whilst experimeming 
with the galvanometerorotherinstru- 
mental arrangements, for one person 
to keep his hands in the water at a 
moderate distance from the animal, 
that he may know and give informa- 
tion when a discharge has taken place. 

1778. When B Imd both hands at 
10, 11, or at 14, 15, whilst A had but 
one h^d at 1, or 3, or 6, the former 
felt a strong ehock, whilst the latter 
had but a weak one, though in con- 
tact with the fish. Or if A had both 
hands in at 1, 2, or 3, 4, or 5, 6, the 
effect was the same. 

1779. If A had the hands at 3, 5, B 
at 14, 15, and C at 16, 17, A received 
the most powerful shock, B the next 

powerful, and C the feeblest. 

1780. When A excited Ibe gymnotus by his 
hands at 8, 9, whilst B was at 10, 11, the latter 
had a mu^ stronger shock than the former, 
though the former touched and excited the 
animal. 

1781. A excited ^e fidi by one hand at 3, 
whilst B had both hands at 10, 11 (or along), 
and C had the hands at 12, 13 (or across); A 
had the priddng shock in the immersed Imd 
only (1774); Bl^ a strong fibock up the arms; 
C fdK; but a sli|^t effect in the immersed jparts. 

1782. Tbe experiments 1 have just described 
are of such a nature as to require.mwy repeti- 
tions bef^ general rei^ts drawn from 
timm can be bomndeited as ie^biyied; nbr 4o 
1 pret^d to say t^t timy amanytihbg 
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Hbm Indioa^ns of the durecticcQ of Jhe larca imdatof ttemtei^t ilBiricb 

It is not at all impossible that the fish may The gyninotus made a turn or two tatookfott* 
have the power of throwing each of its four its prey, which havmg found he bolted, tmd 
dectric organs separately into action, and so then went searching about for more. A second / 
to a certain degree direct the diook, i.e., he may smaller fidi was given him, which being hurt in 
have tiie capability of causing the electric cur* the conveyance, riiowed but little signs of life^ 
rent to emanate from one side, and at the same and this he swallowed at once, apparenliy with*- 
time bring the other side of his body into such out shocking it. The coiling of the gymnotUS 
a condition, that it shall be as a non-conductor round its prey had, in this case, every appear* 
in that direction. But 1 think the appearances ance of being intentional on its part, to in* 
and results are such as to forbid the supposi- crease the force of the shock, and the action is 
tion, that he has any control over the direction evidently exceedingly well suited for that puvi- 
of the currents after they have entered the pose (1783), being in full accordance with the 
fluid and substances around him. well-lmown laws of tiie discharge of currents in 

1783. The statements also have reference to masses of conducting matter; and thou^ the 

the flsh when in a straight form; if it assume a fish may not always put this artifice in prac* 
bent shape, then the lines of force around it tice, it is very probable he is aware of its ad* 
vary in their intensity in a manner that may be vantage, and may resort to it in cases of need, 
anticipated theoretically. Thus if the hands 178fi. Living as this animal does in the midst 

were applied at 1,7, a feebler shock in the arms of such a good conductor as water, the first 
would be expected if the animal were curved thoughts are thoughts of surprise that it can 
with that side inwards, than if it were straight, sensibly electrifyanything,butatittleconBider* 
because the distance between the parts would ation soon makes one conscious of many points 
be diminished, and the intervening water there- of great beauty, illustrating the wisdom of the 
fore conduct more of the force. But with respect whole arrangement. Thus the very conductix^ 
to the parts immersed, or to animals, as fish in power which the water has; that which it gives 
the water between 1 and 7, they would be more to the moistened skin of the fish or animal to 
powerfully, instead of less powerfully, shocked, be struck; the extent of surface by which the 

1784. It is evident from all the experiments, fish and the water conducting the charge to it 
as well as from simple considerations, that all are in contact; all conduce to favour and iaoh 
the water and all the oonductmg matter around crease the shock upon the doomed animal, ^d. ^ 
the fish through which a discharge circuit can are in the most perfect contrast with the ineffi* 
in any way be completed, is fill^ at the mo- dent state of things which would exist if the 
nient with circulating electric power; and this gymnotus and the fish were surrounded by air; 
state might be easily represented generally in a and at the same time that the power is one of 
diagram by drawing the lines of inductive ao- low intensity, so that a dry skin wards it off, 
tion (1231, 1304, 1338) upon it: in the case of a though a moist one conducts it (1760) ; so is it 
gymnotus, surrounded equally in all directions one of great quantity (1770), that thou^ the 
by water, these would resemble generally^ in surrounding water does conduct away mucihi 
disposition, the magnetic curves of a magnet, enou^ to produce a full effect may take its 
having the same straight or curved shape as the course through the body of the fish that is tq 
animal, i.e., provided he, in such cases, em* be can^t for food, or the enemy that is to be 
ployed, as may be expected, his four electric conquered. 

organs at once. 1787. Another remarkable result of thereisr^ 

tion of the gymnotus and its prey to the medi;-, 

1785. This gymnotus can stun and IdU fish um around them is, that the larger the fidi to 
which are in very various portions to its own be kUled or stunn^, the greater will be 
body; but on one day when I saw it eat, its ao- diook to whirib; it is subject, Ihougb the 

tion seemed to me to be peculiar^ A live fiirii notos may exert only an equal power; foT: w: 
about five inches in length, cau^t not hidl a laxge fish has pa^g through its body thoos 
minute before, was di^pped into the, tub. The currents of electricity, which, in the ease of a 
gymnotus instantly turned round in sudh a smaller mie, would have been conv^^ hana* 
maimeras tpfom acml inclosmg t^ less by the water at its sides, 

latter representing adiametar acrossitiasho^ 1788. The gymnotus appears to be sensible 

passed, end th^ in an instant was when he has shocked an anima l. , being made 

Btnipit if by conBciottaof it, probably, by timaisdkinuxd sm- 
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piibe he receives, caused by the spasms into verse of this, and shown us how to convert the 

which it is thrown. When I touched him with electricity into heat, including both its relation 

my hands, he gave me shock after shock; but of hot and cold. Oersted showed how we were 
when I touched him with glass rods, or the in** to convert electric into magnetic forces, and I 
sulated conductors, he gave one or two shocks, had the delight of adding the other member of 

frit by others having their hands in at a dis** the full relation, by reacting back again and 

tance, but then ceased to exert the influence, as converting magnetic into electric forces. So per- 
il made aware it had not the desired effect, haps in these organs, where nature has provid- 
Again, when he has been touched with the con- ed the apparatus by means of which the animal 
ductors several times, for experiments on the can exert and convert nervous into electric 
galvanometer or other apparatus, and appears force, we may be able, possessing in that point of 
to be languid or indifferent, and not willing to view a power far beyond that of the fish itself, 
give shocks, yet being touched by the hands, to reconvert the electric into the nervous force, 
tiiey, by convulsive motion, have informed him 1791. This may seem to some a vejry wild 

th&t a sensitive thing was present, and he has notion, as assuming that the nervous power is 


quickly shown his power and hie willingness to 
astonish the experimenter. 

- 1789. It has been remarked by Geoffroy St. 
Hilaire that the electric organs of the torpedo, 
gymnotus, and similar fishes, cannot be consid- 
ered as essentially connected with those which 
are of high and direct importance to the life of 
the animal, but to belong rather to the common 
teguments; and it has also been found that 
such torpedoes as have been deprived of the 
use of their peculiar organs, have continued the 
functions of life quite as well as those in which 
they were allowed to remain. These, with other 
considerations, lead me to look at these parts 
with a hope that they may upon close investi- 
gation prove to be a species of natural appara- 
tus, by means of which we may apply the prin- 
ciples of action and reaction in the investigation 
of the nature of the nervous influence, 

1790. The anatomical relation of the nervous 
system to the electric organ; the evident ex- 
lAUstion of the nervous energy during the pro- 
duction of electricity in that organ; the appar- 
^ly equivalent production of electricity in 
proportion to the quantity of nervous force 
consumed; the constant direction of the cur- 
rent produced, with its relation to what we may 
belief to be an equally constant direction of 
the nervous energy thrown into action at the 
same time; all induce me to believe, tiiat it is 
not impQsrible but that, on passing electricity 
peorforee through the organ, a reaction back up- 
on the nervous system belonging to it imght 
take plaice, and tiiat a restoration, to a greater 
ex smaller degree, of that which the animal ex- 
pnods in the act of exciting a current, might 
j^rhapi^ be effected* We have the analogy in 
toheatandmagito Seebeck taught 

mhow to commute heat into electricity; and 
FeltiiP htm more lately given us tiie stiict con- 


in some degree analogous to such powers as 
heat, electricity, and magnetism. I am ^ly as- 
suming it, however, as a reason for making cer- 
tain experiments, which, according as th^ give 
positive or negative results, will regulat^ fur- 
ther expectation. And with respect to the nature 
of nervous power, that exertion of it which is 
conveyed along the nerves to the various or- 
gans which they excite into action, is not the 
direct principle of life; and therefore I see no 
natural reason why we should not be allowed 
in certain cases to determine as well as observe 
its course. Many philosophers think the power is 
electncity. Priestley put forth this view in 1774 
in a very striking and distinct foim, both as re- 
gards ordinary animals and those which are 
electric, like the torpedo.^ Dr. Wilson Philip 
considers that the agent in certain nerves is 
electricity modified by vital action.* Matteucci 
thinks that the nervous fluid or energy, in the 
nerves belonging to the electric organ at least, 
is electricity.® MM. Prevost and Dumas are of 
opinion that riectricity moves in the nerves be- 
longing to the muscles; and M. Prevost adduces 
a beautiful experiment, in which steel was mag- 
netized, in proof of this view; which, if it should 
be confirmed by further observation and by 
other philosophers, is of the utmost conse- 
quence to the progress of this high branch of 

» Priestley on Air, Vol. I, p. 277; edition of 1774. 

« Dr. Wilson Philip is of opinion, that the nerves 
which excite the muscles and effect the chemical 
changes of the vital functions, opiate by the elec- 
tric power supplied by the brain and spinal marrow, 
in its effects, unified by the vital powers of the liv- 
ing animal; because he found, as he informs me, ef 
early as 1815, that while the vital powers remain, cm 
these functions can be as well performed by voltaic 
electricity c^r the removal of the nervous influ- 
ence, as by that influence itself; and in the end os 
that year fie presented a paper to the Royal Society* 
which was at one of their meetings, giving an 
account of the experiments on which this position 
was founded. 

miners^, X837, Vol. XR, m. 
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knowledge.* Now thou^ I am not as yet ocm- 
vinoed by the facts that ihe nervotis fluid is 
only electricity, still I think that the agent in 
the nervous system may be an inorganic force; 
and if there be reasons for supposing ihsA mag* 
netism is a higher relation of force than elec* 
tricity (1664, 1731, 1734), so it may well be 
imagined that the nervous power may be of a 
still more exalted character, and yet within the 
reach of experiment. 

1792. The kind of experiment I am bold 
enough to suggest is as follows. If a gymnotus 
or torpedo has been fatigued by frequent exer- 
tion of the electric organs, would the sending of 
currents of similar force to those he emits, or of 
other degrees of force, either continuously or 
intermittingly in the same direction as those he 
sends forth, restore him his powers and strength 
more rapidly than if he were left to his natural 
repose? 

1793. Would sending currents through in the 
contrary direction exhaust the animal rapidly? 
There is, 1 think, reason to believe the torpedo 
(and perhaps the gymnotus) is not much dis- 
turbed or excited by electric currents sent only 

1 Ibid , 1837, XII, 202; XIV, 200. 


through the electric organ ; so that these experi^ 
ments do not appear, very difficult to 

1794. The disposition of the organs in the 
torpedo suggest still further experiments on tho 
same principle. Thus when a current is sent hi 
the natural direction, i.e., from below upwards 
through the organ on one side of the fish, wiU it 
excite the organ on the other ride into action? 
or if sent through in the contrary direction^ 
will it produce the same or any effect on that 
organ? Will it do so if the nerves proceedmg to 
the organ or organs be tied? and will it do so 
after the animal has been so far exhausted by 
previous shocks as to be unable to throw the 
organ into action in any, or in a similar, degree 
of his own will? 

1795. Such are some of the experiments which 
the conformation and relation of the electric 
organs of these fishes suggest, as being rational 
in their performance, and promising in antici- 
pation. Others may not think of them as I do; 
but 1 can only say for myself that, were the 

^ means in my power, they are the very first I 
would make. 

Royal ImtiitUion, November 9, 1838 
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§ 24. On the Source of Power in the Voltaic 
Pile 

1796. What is the source of power in a voltaic 
pile? This question is at present of the utmost 
importance in the theory and to the develop- 
ment of electrical science. The opinions held re- 
specting it are various ; but by far the most im- 
portant are the two which respectively find the 
source of power in contact, and in chemical 
force. The question between them touches the 
first principles of electrical action; for the opin- 
ions are in such contrast that two men respect- 
ively adopting them are thenceforward con- 
strained to differ, in every point, respecting the 
probable and intimate nature of the agent or 

* 1 It « 1x^2^ 
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1797. The theory of contact is the theory of 
Volta, the great discoverer of the voltaic pile 
itself, and it has been sustained since his day 
by a host of philosophers, amongst whom, in 
recent times, rank such men as Pfaff , MarianW, 
Fechner, Zamboni, Matteueci, Kamten, Boo- 
chardat, and as to the excitement of the power, 
even Davy; all bright stars in the exalted re- 
done of science, The theory of chemical action 
was first advanced by Fabroni,* Wollastori^^ 
and Parrot,’ and has been more or less devri- 

1 A.D. 1792, 1799. Beoquerel's TraiU de ri6Uetr%- 
eiU, 1, pp. 81-91; and Nichol9on*t Quarto Jowmed, 
III, 308; IV, 120: or Journal de Physique, VI, 348. 

t A,D. 11^1. Pmosopkieal TraneaeUme, 1801, p. 
427. 

• A.D. tSOL d» CMnm, 1829. 3ki;n. ^ 

1881. XLVI, Sei. - 



De la^ Bi^ ^ te^teony to ba^Agad tlifuk of otoem^ 
Joli^erPtn^ Schcenb^, andmany otbe^ into d^i and multicdySog facts in a piopor- 
amongst w&om Becquerd ou^t to be distin- tkm far beyond any which ^ould have been le*- 
gtiished as having contributed, from the first, quired for the proof and promulgation of a new 
a 'd^inually increasing mass of the strongest scientific truth (2017). In so doing I may ooca-. 
«i9^;)etim^tal evidence in proof that chemical tionally be mily enlargmg, yet then 1 hope 
action always evolves electricity;^ and De la strengthening, what others, and expeoially De 
BivC diould be named as most clear and con- la Bive have done. 


itant in his views, and most sealous in his pro- 
ddetion of facts and arguments, from the year 
1827 to the present time.* 

’ 17te. Examining this question by the results 
of definite electro-chemical action, I felt con- 
strained to take part with those who believed 
the origin of voltaic power to consist in chemi- 
cal action alone (875, 965), and ventured a 
paper on it in April 1834* (875, &c.), which ob- 
tained the especial notice of Marianini.^ The 
jCgnk of tiiis philosopher, the observation of 
j^hner,* and the consciousness that over the 
gxeater part of Italy and Germany the contact 
theory still prevailed, have induced me to re- 
examine the question most carefully. I wished 
not merely to escape from error, but was anx- 
ious to convince myself of the truth of the con- 
tact theory; for it was evident that if contact 
electromotive force had any existence, it must 
be a power not merely unlike every other nat- 
ural power as to the phenomena it could pro- 
duce, but also in the far higher points of limita- 
ticm, definite force, and finite production (2065) . 

1799. 1 venture to hope that the experiment^ 
results and arguments which have been thus 
gathered may be useful to science. I fear the 
detail will be tedious, but that is a necessary 
ccmsequence of the state o^^the subject. The con- 
tact theory hae long had possession of men’s 
minds, is sustain by a great weight of authori- 
ty, and for years had ahnost undisputed sway 
in tome parts of Europe. If it be an error, it can 
c^y be rooted out by a great amount of forcible 
experimental evidence; a fact sufficiently dear 
to my mind by the drcumstance, that De la 
Bivens papers have not already convinced the 


1800. It will tend to clear the question, if the 
various views of contact are first stated. Volta’s 
theory is, that the simple contact of conduct- 
ing bodies causes electricity to be developed at 
the point of contact without any change in 
nature of' the bodies themselves; add that 
thou^ such conductors as water and aqueous 
fluids have this property, yet the degree in 
which they possess it is unworthy of coiwidera- 
tion in comparison with the degree to wmch it 
rises amongst the metals.* The present views of 
the Italian and German contact philosophers 
are, I believe, generally the saine, except that 
occasionally more importance is attached to the 
contact of the imperfect conductors with the 
metals. Thus Zamboni (in 1837) considers the 
metallic contact as the most powerful source of 
electricity, and not that of the metals with the 
fluids;^ but Karsten, holding the contact the- 
ory, transfers the electromotive force to the con- 
tact of the fluids with the solid conductors.* 
Marianini holds the same view of the principle 
of contact, with this addition, that actual con- 
tact is not required to the exertion of the excit- 
ing force, but that the two approximated dissim- 
ilar conductors may affect each other’s state, 
when separated by sensible intervals of the 
Mooooth of a line and more, air intervening.* 

1801. De la Bive, on the contrary, contends 
for simple and strict chemical action, and, as 
far as I am aware, admits of no current in the 
voltaic pile that is not conjoined with and de- 
pendent upon a complete chemical effect. That 
admirable electriciaii Becquerel, though ex- 
pressing himself with great caution, seems to 


workers ^poa this subject. Hence the reason 
why I havis tiiought it imedful to add my further 


. 1 A*D* 1^^ 40^ AaaaZet de Chimie, 1824, XXY, 
XbVI, 266, 276. 337; 


^ f IMei., 1828, XWCra. 226^; XXXIX, 297; 1886, 
tm 147: or Mimoim de Chnhfe, 1829, IV, 285; 
1882, VI. 149; 1835, VII. 


: Ttetnifud^, 1834. p. 425. 

^ MirnatS dma Sotm lUdiaha in Modena, 1887, 
ZXI, p. 206. 

^ ^PI&eoMeid Maaaem^ 1888, XIH, 205; or 
I^MC^orrs Anndlen, XLu, p. 481. Fechner rekm 
ilHIote'Pfaff's reply to my paper. 1 paver oeaSs to 
toijH W t ihat the dennan is a aealed bmguage to me. 


admit the posribDity of chemical attractions 
being able to produce electrical currents when 
they are not strong enough to overcome the 
force of ooberion, and so terminate in combina- 
tiotu^ Schoenbein states that a current may be 
producedbyateiidency to chemical action, 1*9*) 

• Annalee de CMmU, m2, XL, p. 225. 

f BibHotMffueUmeereeUe, 1836, V, 387; 1837. VIH, 
189. 

• I ’Ffo. 150. ' 

• jErM^dWia Soe. BaL in Mod^um, XSJ, 
2S2-237. 

r^eetrieitt. I. pp. m, 2SS. / ■ 
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cheinically may p)x)ducia & cUtr^t^ ^ough 
tendency is not followed up by the actual com- 
bination of the substances.^ In these cases the 
assigned force becomes the same as the contact 
of Volta, inasmuch as the acting matters are 
not altered whilst producing the current* Davyds 
opinion was, that contact like that of Volta ex- 
cited the current or was the cause of it, but 
that chemical changes supplied the current. 
For myself I am at present of the opinion which 
De la Rive holds, and do not think that, in 
the voltaic pile, mere contact does anything in 
the excitation of the current, except as it is 
preparatory to, and ends in, complete chem- 
ical action (1741, 1746). 

1802. Thus the views of contact vary, and it 
may be said that they pass gradually from one 
to another, even to the extent of including 
chemical action: but the two extremes appear 
to me irreconcilable in principle under any 
shape; they are as follows. The contact theory 
assumes that when two different bodies being 
conductors of electricity aie in contact, there is 
a force at the point of contact by which one of 
the bodies gives a part of its natural portion of 
electricity to the other body, which the latter 
takes in addition to its own natural portion; 
that, though the touching points have thus re- 
spectively given and taken electricity, they 
cannot retain the charge which their contact 
has caused, but discharge their electricities to 
the masses respectively behind them (2067): 
that the force which, at the point of contact, in- 
duces the particles to assume a new state, can- 
not enable them to keep that state (2069) : that 
all this happens without any permanent alter- 
ation of the parts that are in contact, and has 
no reference to their chemical forces (2065, 
2069). 

1803. The chemical theory assumes, that at 
the place of action, the particles which are in 
contact act chemically upon each other and are 
able, under the circumstances, to throw more 
or less of the acting force into a dynamic form 
(947, 996, 1120): that in the most favourable 
circumstances, the whole is converted into dy- 
namic force (1000): that then the amount of 
current force produ<^ is an exact equivalent 
of the origmal chemical force employed; and 
that in no case (in the voltaic jrile) can any 
electric cuirent be produced, without the active 
exertion and consumption an equid amount 



of ohemictiit force, a i^ven amiDUUt : 

' rtkft.’ngA , 

1804. Marianini^s paper^ was to me a great 
motive for re-examining the subject; but the 
course I have taken was not so much for the 
purpose of answering particular objections, as 
for the procuring evidence, whether rdating to 
controverted points or not, which should be 
satisfactory to my own mind, open to recave 
either one theory or the other. This paper, there- 
fore, is not controversial, but contains further 
facts and proofs of the truth of De la Rive*s 
views. The cases Marianini puts are of extreme 
interest, and ail his objections must, one day be 
answered, when numerical results, both as to 
intensity and quantity of force, are obtained; 
but they are all debateable, and, to my mind, 
depend upon variations of quantity which do 
not affect seriously the general question. Thus, 
when that philosopher quotes the numerical re- 
sults obtained by considering two metals with 
fluids at their opposite extremities which tend 
to form counter currents, the difference whidi 
he puts down to the effect of metallic contact^ 
either made or interrupted, I think aecounir^ 
able for, on the facts partly known respecting 
opposed currents; and with me differences quite 
as great, and greater, have arisen, and are giv- 
en in former papers (1046), when metallic con- 
tacts were in the circuit. So at page 213 of his 
memoir, I cannot admit that e should give an 
effect equal to the difference of b and d; for in 
b and d the opposition presented to the excited 
currents is merely that of a bad conductor, but 
in the case of e the opposition arises from the 
power of an opposed acting source of a current* 

1805. As to the part of his memoir respecting 
the action of sulphuretted solutions,^ I hope to 
be allowed to refer to the investigations made 
further on. I do not find, as liie Italian philoso-. 
pher, that iron with gold or platina, in solution 
of the sulphuret of potassa, is positive to them/ 
but, on the oontraxy, powerfully negative, and 
for reasons given in the sequel (2049). 

1806. Wi^ respect to the discussion of tiie , 
cause of the spark before contact,^ Miu'ianiiir; 
admits the spark, but I give it up altogethi^^; 
Jacobi’s paper* convinces me I was in error 

to fAot proof of ihd existence of a state of 

I Memory dMi SoeiM ItoliaU in Modm, 

XXI, 0.206. 

* 1827, XXI, p. 217. 

♦ /Wd.,p.217. 

• /6id.,p.226. 
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in the ixietals before oontaot (dl5| d&S). I need 
not therefore do mem at present than with* 
draw my own observations. 

1807. 1 now proceed to address mysdf to the 
general argument, rather than to particular con- 
troversy, or to the discussion of eases feeble in 
power and doubtful in nature; for I have been 
impressed from the first with the feeling that it 
is no weak influence or feeble phenomenon that 
we have to account for, but such as indicates a 
force of extreme power, requiring, therefore, 
that the cause assigned should bear some pro- 
portion, both in intensity and quantity, to the 
effects produced. 

1808. The investigations have all been made 
by aid of currents and the galvanometer, for it 
seemed that such an instrument and such a 
course were best suited to an examination of the 
electricity of the voltaic pile. The electrom- 
eter is no doubt a most important instru- 
ment, but the philosophers who do use it are 
not of accord in respect to the safety and deli- 
cacy of its results. And even if the few indi- 
cations as yet given by the electrometer be 
accepted as correct, they are far too general to 
settle the question of, whether contact or 
chemical action is the exciting force in the 
voltaic battery .To apply that instrument close- 
ly and render it of any force in supplying 
affirmative arguments to either theory, it would 
be necessary to construct a table of contacts, 
or the effects of contacts, of the different metals 
and fluids concerned in the construction of the 
voltaic pile, taken in pairs (1868), expressing in 
such table both the direction and the amount of 
the contact force. 

1809. It is assumed by the supporters of the 
contact theory, that though the metals exert 
strongelectromotiveforces at their points of con- 
tact with each other, yet these are so balanced 
in a metallic circuit that no current is ever 
produced whatever their arrangement may be. 
So in PI. XII, Fig, 1 , if the contact force of 
copper and zinc is 10 — and a third metal 
be introduced at m, the effect of its contacts, 
whatever that metal may be, with the zinc and 
copper at 6 and c, will be an amount of force in 
the opposite direction * 10. Thus, if it were 
potassium, its contact force at b might be 
6 — ►, but then its contact force at c would 
be < — 15 ; or if it were gold, its contact force 
at 6 might be < — 19, but then its contact 
force at c would be 9 This is a very 
iarge assumption, and that the theory may 
agree with the facts is nectary rstill it is, I b^ 
lieve, only an assumption, for I am not aware 


of sny data, indepimdent of the theory kk 
question, which prove its truth. 

1810. On the other hand, it is assumed.ihat 
fluid conductors, and such bodies as contain, 
water, or, in a word, those which I have cidled 
electrolytes (664, 823, 921), either exert no con- 
tact force at their place of contact with the 
metals, or if they do exert such a power, then it 
is with this most important difference, that the 
forces are not subject to the same law of com- 
pensation or neutralization in the complete cir- 
cuit, as holds with the metals (1809). But this, 
I think I am justified in saying, is an assump- 
tion also, for it is supported not by any inde- 
pendent measurement or facts (1808), but only 
by the theory which it is itself intended to 
support. 

1811. Guided by this opinion, and with a 
view to ascertain what is, in an active circle, 
effected by contact and what by chemical ac- 
tion, I endeavoured to find some bodies in this 
latter class (1810) which should be without 
chemical action on the metals employed, so as 
to exclude that cause of a current, and yet such 
good conductors of electricity as to show any 
currents due to the contact of these metals with 
each other or with the fluid: concluding that 
any electrolyte which would conduct the ther- 
mo current of a single pair of bismuth and an- 
timony plates would serve the required pur- 
pose, I sought for such, and fortunately soon 
found them. 

f i. Exciting Electrolytes^ <fcc., Being Con- 
ductors of Thermo and Feeble Currents 

1812. Svlphuret of potassium. This substance 
and its solution were prepared as follows. Equal 
weights of caustic potash (potassafusa) and sulr 
phur were mixed with and heated gradually in 
a Florence flask, till the whole had fused and 
united, and the ^phur in excess began to sub- 
lime. It was then cooled and dissolved in water, 
so as to form a strong solution, which by stand- 
ing became quite clear. 

1813. A portion of this solution was included 
in a circuit containing a galvanometer and a 
pair of antimony and bismuth plates; the con- 
nection with the electrolyte was made by two 
platinum plates, each about two inches long 
and half an inch wide: nearly the whole of 
was immersed, and they were about half an ine]^ 
apart. When the circuit was completed, and 4$ 
at the same temperature, there wasno ournept; 
but the moment the junction of the antiipony 
and bismu& was either heated or copied, the 
corresponding thermo cuivant was produced^ 









cwang file gsilvaDometer-Beedle to be penne- 
nently defleotod, occasionally as inuch as 80^. 
Even the small difference of temperature oc- 
eaaoned by touching the Seebeck dement wifii 
the finger, produced a veiy sensible current 
through the electrolyte. When in place of the 
anfiznony-bismuth combination mere wires of 
copper emd platinufii, or iron and platinum were 
rnedf the application of the spirit-lamp to the 
jnhiCtion of these metals produced a thermo 
eutrent which instantly travelled round the 
dreuit. 

1814. Thus this electrol 3 rte will, as to high 
conducting power, fully answer the condition 
required (1811). It is so excellent in this respect, 
that I was able to send the thermo current of a 
single Seebeck’s element across five successive 
portions connected with each other by plati- 
num plates. 

1815. iVitrctMoctd. Yellow anhydrousnitrous 
a<^, made by distilling dry nitrate of lead, 
being put into a glass tube and included in a 
circuit with the antimony-bismuth arrange- 
ment and the galvanometer, gave no indication 
of file passage of the thermo current, though 
theiinmersed electrodes consisted each of about 
four inches in length of moderately thick plati- 
num wire, and were not above a quarter of an 
inch apart. 

1816. A portion of this acid was mixed with 
neariy its volume of pure water; the resulting 
action caused depression of temperature, the 
evolution of some nitrous gas, the formation of 
some nitric add, and a dark green fluid was 
produced. This was now such an excellent con- 
ductor of electricity, that almost the feeblest 
Current could pass it. Tlikt produced by See- 
bedc’s circle was sensible when only one-eighth 
^ an inch in length of the platinum wires 
^ped in the acid. When a couple of inches oi 

deetrode was in the fluid, the conduction 


1818. On using^k 

pure, it was to possesaiafiier more ccssh 
ducting power than the former. On empbying 
a red dtrie acid, it was found to conduct the 
thermo current very well. On adding some of 
the green nitrous add (1816) to the colourless 
nitric acid, the mixture acquired high conduct- 
ing powers. Hence it is evident fiiat nitric acid 
is not a good conductor when pure, but that 
the presence of nitrous add in it (conjointly 
probably with water), gives it this power in a 
very high degree amongst dectrolytes.* A very 
red strong nitric acid, and a weak green acid 
(consisting of one vol. strong nitric acid and 
two vols. of, water, which had been rendered 
green by life action of the negative platinum 
electrode of a voltaic battery) , were mth such 
excdlent conductors that the thermo current 
could pass across five separate portions of them 
connected by platinum plates, with s6 little 
retardation that I believe twenty interruptions 
would not have stopped this feeble current. 

1819. Sulphuric acid. Strong oil of vitriol, 
when between platinum electrodes (1813), con- 
ducted the antimony-bismuth thermo current 
sensibly, but feebly. A mixture of two volumes 
acid and one volume water conducted much 
better, but not nearly so well as the two former 
electrolytes (1814, 1816). A mixture of one vol- 
ume of oil of vitriol and two volumes saturated 
solution of sulphate of copper conducted this 
feeble current very fairly. 

Potasaa. A strong solution of caustic potassa, 
between platinum plates, conducted the ther- 
mo current sensibly, but very feebly. 

1820. I will take the liberty of describing 
here, as the most convenient place, other re- 
sults relating to the conducting power of bod- 
ies, which will be required hereafter in these 
investigations. Galena, yellow sulphuret of 


ko good, that it made very little chfference 
ai galvanometer whether the platinum 
W^es touched each other in the fluid, or were a 
of an inch apart^ 

1817. Nitric acid. Some pure nitric acid was 
boiled to drive off alt the nitrous acid, and thmi 
ediQled. Being induded in the circuit by plati- 
num plates (1813), it was found to conduct so 
badly t^t effect of the antimony-bismuth 
Pfi&^ when file difference of temperature was 
aA the greatest, was scw)dy perceptible at the 
^va^mefto. ^ 

la Rive hassk^nied^^ the faisility with whtdi 


iron, arsenical pyrites, native sulphuret of cop- 
per and iron, native gray artificial sulphuret of 
copper, sulphurets of bismuth, iron, and cop- 
per, globules of qpde of burnt iron, oxide of 
iron by heat or scale oxide, conducted the 
thermo current very well. Native peroxide of 
manganese and pmoxide of lead conducted it 
moderately well. 

1821. The foUowing are bodies, in some re- 
spect analogous m nature and composition, 
winch did not sensibly ocmduet this weak cur- 
rent when the contact surfaces were small:-^ 

« BchMibem^S experimeiits on a ompcund of aij 
trio and nitrous acids will probably, boar uvmjwa 
iliustrate thk BibUnUiiig^ UnivermUt 18i7« 

3^, 4P6.< ’ * ' “ 





flrtjfidftl gray guiphaiet of thiy blg»de,>dit!ia^ 
bat; lueitiatite, Elba iron-ore, natm magnetie 
oxide of iron, native peroxide of tin or tinetone, 
wolfram, fused and eixded protoxide of copper, 
peroxide of mercury ; 

1822. Some of the foregoing substances are 
very remarkable in thear conducting power. 
This is the case with the solution of sulphuret 
of potassium (1813) and the nitrous acid (1816), 
for the great amount of this power. The perox^ 
ide of manganese and lead are still more re- 
markable for possessing this power, because 
the protoxidea of these metals do not conduct 
either the feeble thermo current or a far more 
powerful one from a voltaic battery. This cir- 
cumstancemade me especially anxious to verify 
the point with the peroxide of lead. I therefore 
prepared some from red-lead by the action of 
successive portions of nitric acid, then boiled 
the brown oxide, so obtained, in several por- 
tions of distilled water, for days together, until 
eveiy trace of nitric acid and nitrate of lead 
had been removed; after which it was well and 
perfectly dried. StUl, when a heap of it in pow- 
der, and consequently in very imperfect con- 
tact throughout its own mass, was pressed 
between two plates of platinum and so brought 
into the thermo-electric circuit (1813), the cur- 
rent was found to pass readily. 

Tf ii. Inactive Conducting Circles Coniaifdng a 
Fluid or Electrolyte 

1823. De la Rive has ali'eady quoted the case 
of potash, iron and platina,^ to show that where 
there was no chemical action there was no cur- 
rent. My object is to increase the number of 
such cases; to use other fluids than potash, and 
such as have good conducting power for weak 
currents; to use also strong and weak solutions; 
and thus to accumulate the conjoint experi- 


dufoed' alt Ok In 

three metiitBic ooittaete '^1 {dattinum esKl inmi; 
a & and » : the first two, being opposed to eaiSh 
other, may be eonsideied as neutralinng eaA 
otheris forces; but the third, being unopposed 
by any other metallic contact, caa be con^ 
pared with either the difference of a axA b 
wh^ one is warmer than the other, Or with 
itself when in a heated or cooled state (1830), 
or with the f oree of chemical action when Siny 
body capable of such action is introduced 
there (1831). 

1825. When this arrangement is completed 
and in order, there is absolutdy no current 
circulating through it, and the galvanometer^ 
needle rests at 0*^; yet is the whole circuit open 
to a very feeble current, for a difference dF 
temperature at any one of the junctions oi 5, 
or X, causes a corresponding thermo curre^, 
which is instantly detected by the galvanom- 
eter, the needle standing permanently 
30® or 40®, or even 50®. 

1826. But to obtain this proper and normal 
state, it is necessary that certain precauticms 
be attended to. In the first place, if the circuit 
be complete in every part except for the im^ 
mersion of the iron and platinum plates into 
the cup D, then, upon their introduction, a 
current will be produced directed from the plat- 
inum (which appears to be positive) through 
the solution to the iron ; this will cmitinue p^ 
haps five or ten minutes, or if the iron has been 
caidessly cleaned, for several hours; it is dub 
to an action of the sulphuretted solution on 
oxide of iron, and not to any effect on the me- 
tallic iron; and when it h^ ceased, the dis- 
turbing cause may be considered as exhausted^ 
The experimental proofs of tiie truth of tids 
explanation, I will quote hereafter (2049). 

1827. Another precaution relates to tiie 'ele- 


mental and argumentative evidence by which 
the great question must finally be decided. 

1824. 1 first used the sulphuret of potassium 
as en electroljrte of good conducting power, 
but chemically inactive (1811) when associ- 
ated with iron and platinum in a circuit. The 
arrangement is given in PI. XII, Fig> where 
D, E represent two test-glasses containing the 
Btrongsotutionof sulphuretof potasrium (1812) ; 
and also four metallic plates, about 0.5 of an 
inch wide and two inclmlong in the immersed 
^art, of marked P, P, P were 

platinum^ andl that marked I, of dean iron: 
these* were tmnneetod by platinum 

wires, aaiaPipu 0, a ^yanometer being intro- 
18S7, XI. 275; 


feet of accidental movements of the plates in 
the solution. If two platinum plates be put ktp 
a solution of tiiis sulphuret of potassium^ and 
the circuit be then completed, induding a 
vanometer, the arrangement, if perfect, vriS 
diow no mtrmt) but if one of the plates 4e 
lifted up into the air for a few seconds and 
reidaced, it will be ne^tive to tbeoti]ier,vfmd» 
produce a current lasting for a short ' 

the two plates be iron and platinum, dr 
other metal or substance not acted oh 
sulphuret, the same effect will be produoi^^ 
these cases, the current is due to ti^^ebange 

I Marianini obaerved effeoia of 
by expcNKua tolftia aifv of*onaof4«<o platSamlipedixL 
mtrio p. iftf. ' 
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mm tbe Sim of sulphutwticd 
fsoixkiim ^dh0iiiig to l^he removed plate, but a 
far leaa cauae tbaa thie will produce a cunrent, 
dor if . one of the platinum i^atea be removed, 
iwad^ed well, dried, and even heated, it will, on 
it» rerintroduction, almost certamly exhibit 
the negative state for a second or two. 

1S28. These or other disturbing causes ap- 
pear the greater in these experiments in conse- 
iQuenee of the exodlent conducting power of 
tim solution used ; but they do not occur if care 
be taken to avoid any disturbance of the plates 
or the solution, and then as before said, the 
whole acquires a normal and perfectly inactive 
state. 

1829. Here then is an arrangement in which 
the contact of platinum and iron at r is at lib- 
erty to produce any effect which such a contact 
may have the power of producing; and yet 
.what is the consequence? absolutely nothing. 
This is not because the electrolyte is so bad a 
conductor that a current of contact cannot 
pass, for currents far feebler than this is as- 
sumed to be, pass readily (1813) ; and the elec- 
trolyte employed is vastly superior in conduct- 
ing power to those which are commonly used 
in voltaic batteries or circles, in which the cur- 
rent is still assumed to be dependent upon con- 
tact. The simple conclusion to which the ex- 
periment should lead is, in my opinion, that 
tbe contact of iron and platinum is absolutely 
without any electromotive force (1835, 1859, 
1889). 

1830. If the contact be made really active 
and effective, according to the beautiful dis- 
covery of Seebeck, by making its temperature 
jdtSerent to that of the other parts of the cir- 
cuit, then its power of generating a current is 
diown (1824). Tbis enables us to compare the 
supposed power of the mere contact with that 
of a thermo contact; and we find that the latter 
comes out as mfinitely greater than the former, 
for the former is nothing. The same compari- 
ssm oS mere contact and thermo contact may 
be made by contrasting the effect of^he con- 
tact c at common temperatures, with either 
tiisi contact at a or at 6, either heated or cooled. 
Vety moderate changes of temperature at these 
{flaoes produce instantly the corresponding cur- 

Imt the mere contact at z does nothing. 

1^1. So also I believe that a true and phU'? 
jpifophic and even rigid comparison may be 

Beoquerel lonaamee i^eired to the effeot of suoh 
expose of a plate, dipped in certain solutions, to 
^ air. generally me inate^M) expoMd became posi- 
dp Chmie, 1824, XXV, 


made at between the assumed ^ect of meaw 
contact and that of chemical action. For if the 
metals at x be separated, and a piece of paper 
moistened in dilute acid, or a solution of salt, 
or if only the tongue or a wet finger be applied 
there, then a euir^t is caused, stronger by far 
than the thermo currents before produced 
(1830), passing from the iron throu^ the in- 
troduce acid or other active fiuid to the plati- 
num. This is a case of current from chemical 
action without any metallic contact in the cir- 
cuit on which the effect can for a moment be 
supposed to depend (879); it is even a case 
where metallic contact is changed for chemical 
action, with l;he result, that where contact is 
found to l)e^quite ineffectual, chemical action 
is very energetic in producing a current.! 

1832. It is of course quite unnecessarTOO say 
that the same experimental comparisons may 
be made at either of the other contacts, a or b. 

1833. Admitting for the moment tha1|j the 
arrangement proves that the contact of ^ilati- 
num and iron at x has no electromotive force 
(1835, 1859), then it follows also that the con- 
tact of either platinum or iron with any other 
metal has no such force. For if another metal, 
as zinc, be interposed between the iron and 
platinum at x (PL XII, Fig. 2)^ no current is 
produced; and yet the test application 6f a 
little heat at a or 6, will show by the corre- 
sponding current, that the circuit being com- 
plete will conduct any current that may tend 
to pass. Now that the contacts of zinc with 
iron and with platinum are of equal electromo- 
tive force, is not for a moment admitted by 
those who support the theory of contact activ- 
ity; we ought therefore to have a resulting 
action equal to the differences of the two forces, 
producing a certain current. No such current 
is produced, and I concrive, with the admis- 
rion above, that such a result proves that the 
contacts iron-zinc and platinum-zinc are en- 
tirely without electromotive force. 

1834. Gold, silver, potassium, and copper 
were introduced at x with the like negative 
effect; and so no doubt might every other 
metal, even according to the relation admitted 
amongst the metals by the supporters of the 
contact theory (1809). The same negative re- 
sult followed upon the introduction of many 
other conducting bodies at the same place; as, 
for instance, already mentioned as easily 
conducting the thermo current (1820) ; and the 
effect proves, I think, that the contact of any 
of tl^ae with ^ther iron or platinum is utterly 
ineSective as a source of electromotive force* 
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18S6* The duly aniwer which, euk it appeari 
to me, the contact theory can fet up in opposi- 
tion to the foregoing facts and conclusions is, 
to say that the solution of sulphuret of potas- 
sium in the cup D (PL XII, Fig. 2), acts as a 
metal would do (1809), and so the effects of all 
the contacts in the circuit are exactly balanced. 

I will not stop at this moment to show that the 
departure with respect to electrolytes, of the 
fluid bodies in the voltaic pile, from the law 
which is supposed to hold good with the metals 
and solid conductors, though only an assump- 
tion, is still essential to the contact theory of 
the voltaic pile (1810, 1861) nor to prove that 
the electrolyte is no otherwise like the metals 
than in having no contact electromotive force 
whatever. But believing that this will be veij 
evident shortly, I will go on with the expen- 
mental results, and resume these points here- 
after (1859, 1889). 

1836. The experiment was now repeated 
with the substitution of a bar of nickel for that 
of iron, (PI. XII, Fig. iS) (1824), all other thirip 
remaining the same.^ The circuit was again 
found to be a good conductor of a feeble ther- 
mo current, but utterly inefficient as a voltaic 
circuit when all was at the same temperature, 
and due precautions taken (2051). The intro- 
duction of metals at the contact x was as inef- 
fective as before (1834); the introduction of 
chemical action at x was as striking in its influ- 
ence as in the former case (1831); all the re- 
sults were, in fact, parallel to those already 
obtained; and if the reasoning then urged was 
good, it will now follow that the contact of 
platinum and nickel with each other, or of 
either with any of the different metals or solid 
conductors introduced at x, is entirely without 
electromotive force.® 

i8ee Feohner’s words. PhUoeophical Magasim^ 
1838. XIII, 377. 

* There is another form of this experiment 'vdiich I 
sometimes adopted, in which the cup E (PI. XII, 
Fig. sty, with its contents, was dismissed, and the plat- 
inum plates in it connected together. The arrange- 
ment may then be considered as presenting three 
contacts of iron and platinum, two ac^g in one di-, 
rection, and one in the other. The arrangement and 
the results are virtually the same as those already 
given. A still simpler but equally conclusive arrange- 
ment for many of th^ arguments, is to dismiss the 
iron between a and b mtogethw, and so have but bne 
oonmet, that at x, to ebnsideo:. 

* One specimen of nickel was» on its immersion, 
imsitive to platinum for seven or eight minutes, and 
wn became neutral. On taking it out it seamed to 
have a yellowish tint on it, as if invested by a coat of 
sulphuret; and I suspect^ this piece had acted like 
lecul (1885) and bismuth (1895). It is difficult to get 
pure and, also perfectly compact mckel;>ndif.pdr- 

matter retained in the pores produces 


1837. Many other pahns of metals we^ com- 
pared together in the name manner; the solu- 
tion of sulphuret of potassium connecting th^ 
together at one place, and their mutual con- 
tact doing that office at another. The follovidiig 
are cases of this kind: iron and gold; iron and 
pall^ium; nickel and gold; nickel and palla- 
dium ; platina and gold ; pla^ina and palladiinn. 
In all these cases the.resuHs were the same ai^ 
those already given with the combinations of 
platinum and ifon. 

1838. It is necessary that diie precaution bO 
taken to have the arrangements in an unex- 
ceptionable state. It often happened the 
first immersion of the plates gaVe deflections; 
it is, in fact, almost imposable to put two 
plates of the same metal into the solution with- 
out causing a deflection; but this generdly 
goes off very quickly, and then the arrange-' 
ment may hb used for the investi^tion (1826). 
Somctiinfes there is a feeble blit rather perma- 
nent deflection of the needle; thus when plati- 
num and palladium were the metals, the fihst 
effect fell and left a current able to deflect the 
galvanometer-needle 3**, indicating the plati- 
num to be pointive to the palladium. This effect 
of 3*^, however, is almost nothing compared to 
what a mere thermo current can cause, the let- 
ter producing a deflection of 60® or more; be- 
sides which, even supposing it an essential 
effect of the arrangement, it is in the wrong 
direction for the contact theory. I rather in- 
cline to refer it to that power Which platiniim 
and other substances have of effecting com- 
bination and decomposition ^thout them- 
selves entering into union and I have oceSr 
sibnally found that when a platinum plate has 
l^eii left for some hours in a strong sotution of 
sulphuvet pf potassium (1812) a shiatl quantity 
of sulphur has been deposited upon it. Whatever 
the cause of the final feeble curreiit may be, thb 
^ect is too small to bc Of any service in support 
of the contact theory; while, on the other hand, 
it affords delicate, aid, therrfore, strong indica^ 
tiois in favour of the chemical theory. 

1839. A change w^ made in the fond and 
arrangeme)^ of the cup D (PI. XII, Fig, 

as to ^loW 6f expeiiments with otoSr 
than the metals. The solution of sulphuiet of, 
pbtassiuni was placed in a sl^ow vessel the 
platinum plate was bent so' that the imhi^i^d 
extremity cmresponded to the bottom the 
veffifdr cm this a piece of loosefy bMh 
w^ 1^4 in the solution, and on tie 

mmem or otiher substance' to bd; eomps^ 
with the platinum; the fitfid it itiiSl 
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il^ &6 TBBlt bMg dean ,and dry ^ on thia porti^ 
^e platmiim, vdre, whicb completed tiiie ciiv 
oti#, rested^ arrangement of this part of 
thetsirouit is ^ven in section at PI. Xll, Fig. 
i^pie H represents a piece of galena to .be 
^inpaM with the pbtinum 
^ In this way galena, compact ydlpw 
Appear pyrites, yellow iron pyrites, and glob- 
ules of oxide of burnt iron, were compaied 
witii platinum (the solution of sulphuret of 
potassium being the electrolyte us^ in the 
circuit), and with the same results as were 
bdore obtained with metals (1829, 1833). 

1841. Experiments hereafto to be described 
gave arrangements in which, with the same 
electrolyte, sulphuret of lead was compared 
with gold, palladium, iron, nickel, and bis- 

(18^, 1886); also sulphuret of bismuth 
ydth platinum, gold, palladium, iron, nickel, 
lead, and sulphuret of lead (1894), and always 
irith thesame result. Where no chemical action 
occurred there no current was formed; al- 
the circuit remained an excellent con- 
ductor, and the contact existed by which, it is 
asimmcd in the contact theory, such a current 
should be produced. 

1842. Instead of the strong solution, a dilute 
solution of the yellow sulphuret of potassium, 
consisting of one volume of strong solution 
(1812) and ten volumes of water, was used. 
I^tes of platinum and iron were arranged in 
ihis fluid as before (1824) : at first the iron, was 
negative (2049), but in minutes it was neu- 

and the needle at 0*".^ Then a weak chemi- 
cal^curient excited at X (1831) 0asily passed; and 
even a thermo current (1830) wss able to show 
^ eflects at the zmedle. Thus a strong or a 
solution, of this electrolyte show^ the 
phenomena. By diluting the solution stiU. 
iiu^r, a fluid could be obtained in which the 
the first effect, permanentiy but 
lec^ poidtive. On allowing time, however, it 
IfMd that in all such cases l^ck sulphu- 
ii^ fonned here and there on the iron. Rustpd 
Izdn was hj^tiye to platinum (2049) iii this 
. vi^ weak Mutiout which by dimt chemical 

.1^. In all the preceding experiments the 
electrolyte used has been the sulphuret of po- 

' was takw In tliMS and the foraier aimilar 

>Cp|Ml to diseharae the plstimimsiirfaoe of any reaot- 
^ Ibree it might aoquire from the aetion of the pre- 

Iw eeparaUhg it from the other met- 
hp laiid tmirTiinn it in the UMd for an mstaat with 
plate. 


tsMw solution; but I now dtanged Ibis 1^. 
another, veiry diffiwmit m its tmture, naiMy 
the grem nitrous add (1816), which has al* 
ready been shown to be an excMent conductor 
of rieotricity . Iron and platinum were the m^ 
sis emplo 3 r^, both being in the form of wires. 
The vessel in which they were immersed was a 
tube like that formerly described (1815); in 
other respects the arrangement was the same 
in principle as those already used (1824, 1836). 
The first effect was the production of a current, 
the iron being positive in the acid to the plat- 
ina; but this quidoly ceased, and the galvanom- 
eter-needle came to 0°. In this state, however, 
the circuit could not in all things be compared 
with the one having the solution of sulphuret 
of potassium for its electrolyte (1824); f<» al- 
though it could conduct the thermo current of 
antimony and bismuth in a certain degree,Wet 
that degree was very small compared to the 
power possessed by the former arrangement, 
or to t^t of a circle in which the nitrous acid 
was between two platinum plates (1816). This 
remarkable retardation is oonsequ^t upon the 
assumption by the iron of that peculiar state 
wMch Schoenbein has so well described and 
illustrated by his numerous experiments and 
investigations. But though it must be admit- 
ted that the iron in contact with the acid is in 
a peculiar state (1951, 2001, 2033), yet it is 
also evident that a circuit consisting of plati- 
num, iron, peculiar iron, and nitrous acid, does 
not cause a current though it have sufiBcient 
conducting power to carry a thermo current. 

1844, But if the contact of platinum and 
iron has an electromotive force, why does it 
not produce a current?. The application of heat 
(1830), or of a little chemical action (1831) at 
the place of contact, does produce a current, 
and in the latter case a strong one. Or if any 
other of the contacts in the arrangement can 
produce a current, why is not that shown by 
some corresponding effect? The only answers 
are to say t£m.t the peculiar iron has the same 
electromotive properties imd relations as plat- 
inum, or that the nitrous acid is included un- 
der the samo law with the metals (1809, 1835) ; 
and so the sum of the eSeda of afi the contacts 
ha the circuit is. ndu^t, or an exact balance of 
forces. That the iron is like the platinum in 
having no eleetmtnOtive force at its eontitc^ 
without chemical action, I briieve; but that it 
b uxdilm it in its electrical illations, ia 
from the difference between the two in stroc^ 
mtric add, iui well as in weak addKroin 
diffeiM^ in the power of transmitting dectric 





to !^c aeid or ojiiiibiifi^yof 
polaasiim^ wUoh is Vjery gmi; wd also bjr 
othor differ^oeo. That ^ xiitrous add is, as 
to the power of its contacts, to be separated 
from other dtectrolytes and classed with the 
metab in what is, with them, only an assump- 
tion, is a gratuitous mode of explaining the 
difficulty, whidh wiU come into condderation, 
with the caae of sulphurOt of potassium, here- 
after (1835, 1859, 1889, 2060). 

1845. To the electro-chemical philosopher, 
the ease is only another of the many strong 
instances, diowing that where chemic^ action 
is absent in the voltaic circuit, there no current 
can be formed; and that whether solution of 
sulphuret of potassium or nitrous acid be the 
electrolyte or connecting fluid used, still the 
results are the same, and contact is shown to 
be inefficacious as an active electrotnotive con- 
dition. 

1846. 1 need not say that the introduction 
of different metals between the iron and plati- 
num at their point of contact produced no 
difference in the results (1833, 1834) and caused 
no current; and I have said that heat and 
chemical action applied there produced their 
corresponding effects. But these parallels in 
action and non-action show the identity in 
nature of this circuit (notwithstanding thie 
production of the surface of peculiar iron on 
that metal), and that with solution of sulphu- 
ret of potassium: so that all the conclusions 
drawn from it apply here; and if that case 
ultimately stand firm as a proof against the 
theory of contact force, this will stand also, 

1847. 1 now used oxide of iron and i^tinum 
as the extremes of the solid part of the circuit, 
and the nitrous acid as the fluid; i.e., I heated 
the iron wire in the flame of a spirit-lamp, cov- 
ering it with a , coat of oxide in the manner rec- 
ommended by Schcenbein in his investigations, 
and then used it instead of the clean iron (1843). 

The oxide of iron was at first in the Iwst de- 
gree positive, and then immediately neutral* 
This circuit, then, like the former, gave no cur- 
rent at common temperatures; but it differed 
much fromit in conducting power, b^ga very 
excellent conductor of a thermo current, theox-^ 
ide of hon.not offering that obatruetion to tilie 
passage, the eurrent which 4he peculiar iron 
did (1843, J;844). Hence scale oxide of iron and 
platinujm produce no current by ocntact, the 
thiidfubstanee in the proof cirouitb^ 
acid; sjid so the resirit agrees with that ob- 
tabed in theioimer cm, where that third sub- 
stance cf iulphui^of 
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<bitamprecBution8betaken,&»mdedonthefol* 
lowlng^eet«If a.mrcuil bemade withthefrCe^ 
nitrous acid, platinum wbes, and^a galvam^ 
eter, in a few seconds all traces of acorrent due 
to first disturbances will ffisappear ; but if oniB 
wire beraised into themr and iilstantly retursH^ 
to its first position, a current b formed, and 
that wire is negative, across the dieetrolyte, to 
the other. If one wire be dipped only a smaU 
distance into the add, as for instanceone fourth 
of an inch, then the raismg that wire not more 
than one dghth of an inch and instantly restor- 
ing it, will produce the same effect as bel^ 
The effect is due to the evaporation of the m** 
trous acid from the exposed wire (1937). I may 
perhaps return to it hereafter, but wish at pres^ 
ent only to give notice of the precaution t^t is 
required in consequence, namely, to retain tiie 
immersed wires undisturbed during the experi- 
ment. 

1849. Proceeding on the facts made known 
by Schcenbein respecting the relation of iron 
and nitric acid, I used that add as the fluid in a 
voltaic circuit formed with iron and platinum* 
Pure nitric acid is so deficient in conducting 
power (1817) that it may be supposed eapabfe 
of stopping any current due to the effect of eon* 
tact tetween the platinum and iron; and it is 
further objectionable in these experiments, 
cause, acting feebly on the iron, it produces a 
chemically exdted current, which may be con- 
sidered as mingling its effect with that of con- 
tact: whereas the object at present is, by en^ 
eluding such chemical action, to lay bare thein<r 
fluence of contactalcme. Stiff the results witbit 
are consistent with the more perfect ones al- 
ready described; for in a circuit of iron, platii- 
num, and nitric add, the jdnt effects (rf tiie 
chemical action on the iron and the contact iff 
iron and platinum, bdng to p^uce a emreht 
(ff a certain constant f ot^ indicated by the ga{« 
vanometer, a little diemical action, brouiM 
mto play ’^ere the iron and platinum were ^ 
contact as before (1831), i^uced a cunept 
far stronger than that previously exjstiiit. :3lS 
then, from the weaker current, the part of 11^ 
effect due to chemical action be abstractedi bow 
little room is there to suppose that any effect ii 
due to tlie contact of the metals! 

1850* But a red nitric acid with pUtimaB 
ph^ conducts a thermo curmit 
do so even when considerably diluted (X818}* 
When such red add is used between iron and 
{datinum, the conducting power b sach» Itet 
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one half oS Ihe'fMfirauuifiQt be ever- 

eome by « eounlier thermo eurrent of bismuth 
md antimo9!ty; Thus a sort of comparison kes^ 
tsidiGhed between a thermo current on the one 
handyand a cmrentdueto the joint effects of 
ehemiealiaction on iron andoontoct of iron and 
platinum on the other. Now considering 
the admitted weakness of a thermo current, it 
may be judged what the strength of that part 
of the second current due to contact can, at 
the utmost, be; and how little it is able to 
account for the strong currents produced by 
oedinary voltaic combinations. 

1851. If for a clean iron wire, one oxidized in 
the dame of a spirit-lamp be used, being associ- 
ated with platinum in pure strong nitric acid, 
thm is a feeble current, the oxide of iron being 
potitive to the platinum, and the facts mainly 
as mtix iron. But the further advantage is ob- 
tained of comparing the contact of strong and 
weak acid with this oxidized wire. If one volume 
of the strong acid and four volumes of water be 
mixed, this solution may be used, and there is 
even less deflection than with the strong acid: 
the iron side is now not sentibly active, except 
the most delicate means be used to observe the 
euirent. Yet in both cases if a chemical action 
be introduced in place of the contact, the re- 
sulting current passes well, and even a thermo 
current can be made to show itself as more 
powerful than any due to contact. 

1852. In these cases it is safest to put the 
wfade of oxidized iron under the surface and 
connect it m the circle by touching it with a plat- 
inum wire; for if the oxidized iron be continued 
through from the acid to the air, it is almost 
certain to suffer from the joint action of the acid 
and air at tiieir surface of contact. 


1^3. 1 proceeded to use a fluid differing from 
any of the former: this was solution of potosaa, 
which has already been employed by De la Rive 
(1823) with iron and platina, and which when 
strong has been found to be a substance con-^ 
ducting so wdl, that even a thermo current could 
pass it (1819), and therefore fully suflScient to 
shoW' i eonto^ cuimat, if any such exists. 

1854. Yet when a strong solution of this sub- 
stance was arranged with silver and platinum 
(bodies differing sufficiently from each otiier 
connected by nitric or muriatic acid), as 
the loiter cases, a vmy feeble current was 
fiadnoed, and the galvanometer-needle stood 


riding a^ zeid^ fhe contact of these metals 
riiplmM did not appear to produce a sensible 
as XfuilybeUeve, because imdech 


tromotive power exists in such contact. When 
that contact was exchanged for a very feeble 
chemical action, namely, that produced by in- 
terposing a little piece of paper moistened in 
dilute nitric acid (1831), a current was the re- 
sult. So here, as in the many former easM, the 
arrangement with a little chemical action and 
no metallic contact produces a current, but that 
without the chemical acticm and with the me- 
tallic contact produces none. 

1855. Iron or nickd associated with platinum 
in this strong solution of potassa was positive. 
The force of the produced current soon fell, and 
after an hour or so was very small. Then annul- 
ling the met^ffc contact at x (PI. XII, Fw. 
and substituting a feeble chemical action there, 
as of dilute nitric acid, the current established 
by the latter would pass and show itself. Tiim 
the cases are parallel to those before mentioned 
(1849, <&c.), and show how little contact alone 
could do, since the effect of the conjoint contact 
of iron and platinum and chemical action of 
potash and iron were very small as compared 
with the contrasted chemical action of the 
dilute nitric acid. 

1856. Instead of a strong solution of potassa, 
a much weaker one consisting of one volume of 
strong solution and six volumes of water was 
used, but the results with the silver and plat- 
inum were the same: no current was produced 
by the metallic contact as long as that only was 
left for exciting cause, but on substituting a 
Uttie chemical action in its place (1831), the 
current was immediately produced. 

1857. Iron and nickel with platinum in the 
weak solution also produced similar results, ex- 
cept that the positive state of these metals was 
rather more permanent than with the strong 
solution. Still it was so small as to be out of all 
proportion to what was to be expected accord- 
ing to the contact theory. 

1858. Thus these different contacts of metals 
and other well-conducting solid bodies prove 
utterly inefficient in producing a current, as well 
when solution of potassa is the third or fluid 
body in the drcuit, as whei^that third body is 
either solution of sulphuret of potassium, or 
hydrated nitrous acid, or nitric acid, or mixed 
nitric and nitrous acids. Further, all the argu- 
ments respecting tiie inefficacy of the contacts 
of bodies interposed at the junction of the two 
principal Bolidsubstances, which were advanced 
in the caee of the sulphuret of potassium solu-* 
tion (1833), appfy here with potassa; as they do 
inde^ in every case a conducting circuit 
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the interpose fluid fe without bhemieii 
action and no euti^nt is produced'. If a ease 
could be brought forward in which the inter- 
posed fluid is without action, is yet a sufficient- 
ly good conductor, and a current is produced; 
then, indeed, the theory of contact would find 
evidence in its favour, which, as far as I can 
perceive, could not be overcome. I have most 
anxiously sought for such a case, but cannot 
find one (1798). 

1859. The argument is now in a fit state for 
the resumption of that important point before 
adverted to (1835, 1844), which, if truly ad- 
vanced by an advocate for the contact theory, 
would utterly annihilate the force of the previ- 
ous experimental results, though it would not 
enable that theory to give a reason for the 
activity of, and the existence of a current in, the 
pile; but which, if in error, would leave the con- 
tact theory utterly defenceless and without 
foundation. 

1860. A supporter of the contact theory may 
say that the various conducting electrolytes 
used in the previous experiments are like the 
metals; i.e., that they have an electromotive 
force at their points of contact with the metals 
and other solid conductors employed to com- 
plete the circuit; but that this is of such con- 
sistent strength at each place of contact, that, 
in a complete circle, the sum of the forces is 0 
(1809). The actions at the contacts are tense 
electromotive actions, but balanced, and so no 
current is produced. But what experiment is 
there to support this statement? where are 
the measured electromotive results proving 
it (1808)? I believe there are none. 

1861. Thecontacttheory,after assuming that 
mere contacts of dissimilar substances have 
electromotive povrers, further assumes a differ- 
ence between metals and liquid conductors 
(1810) without which it is impossible that the 
theory can explain the current in the voltaic 
pUe: for whilst the contact effects in a metattiG 
circuit are assumed to be always perfectly bal- 
anced, it is also assumed that the contact ^ects 
of the electrolytes or interposed fluid with the 
metals are not Imlanced, but are so far removed 
from anything like an equilibrium, as to pr<H 
duce most powerful currents, even the strbng- 
est that a voHaic pile can produce. If s6, then 
why should the sedation of sulphuret of potas- 
sium be an exception? it is quite unlike the 
nietals: it does not appear to conduct iMthout 
dGcompdsition;itkan< 0 X<^leQtelectrolyte,and 
^ exo^ent ea;c£l^ electrolyte in proper oases 
(1880), producing most powerful currents wheii 


it ads diemioaily^it is M afi thesS points qiuits 
tolike the metals, and, in its action^ likeis^^ 
the acid or saline exciting electrolytes commoh^ 
ly used. How then can it foe allowed that, with^ 
emt a sin^e direct experiment, and solely for 
the purpose of avoiding the forceof those which 
are placed in opposition, we should suppose it 
to leave its own station amon^ the electa^ 
lytes, and class with the metals; and that too, 
in a point of character, which, even with them, 
is as yet a mere assumption (1809)7 

1862. But it is not with the sulphuid; of po- 
tassium alone that this freedom must be al- 
lowed; it must be extended to the nitrous acid 
(1843, 1847), to the nitric acid (1849, &c.), and 
even to the solution of potash (1854) ; all these 
being of the class of electrolytes, and yet ex^ 
hibitingno current in circuitswhere they donot 
occasion chemical action. Further, this excep- 
tion must be made for weak soltUians of sul<» 
phuret of potassium (1842) and of j^tassa 
(1856) , for they exhibit the same phenomena as 
the stronger solutions. And if the contact theo^ 
rists claim it for these weak solutions, then 
how will they meet the case of weak nitric 
acid which is not similar in its action on iron 
to strong nitric acid (1977), but can produce 
a powerful current? 

1863. The chemical philc»opher is embat^ 
rassed by none of those difficulties; for he first, 
by asimpledirectexperiment, ascertains wheth- 
er any of the two given substances in the cii^ 
cult are active chemically on each other. If 
they are, he expects and finds the correspond- 
ing current; if they are not, he expects and he 
finds no current, &ough the circuit be a good 
conductor and he look carefully for it (1829); 

1864. Again; taking the case of iron, platina, 

and solution of sulphuret of potassium, there ki 
no current; but for iron substitute zinc, and 
thereis a powerful current. I mii^t for zinesub^ 
stitute copper, silver, tin, cadmium, bismuth^ 
lead, and other metals; but I take zinc, because 
its sulphuret dissolves and carried oS by tiie 
solution, and so leaves the case in a very simjfle 
state; the fact, however, is as strong with any 
of the other metals. Now if the contjaCt theory 
be true, and if the iron, platina, and solution of 
sulphuret of potassium ^ve contacts are 

in perfect eqUHibtium as to t&dr'e^teomotive 
force, then why doies chan^g dlie for zinc 
destroy the equilibrium? Chan^^»<^ metai 
for another in a metallic circuit caus^fio alte^ 
ation of this kind: nor does 

stance for asmther among; tiieipiat number of 
bodies solid be used 
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to form ocxaduoting (but dheaoiQaily inaetaive) 
eirouito (1867, 6;c*)* If thesolutloiiof sulpimtto 
of potaosiuiil is to be classed with the metals as 
to its aetion in the experiments I have quoted 
(1825, then, how comes it to act quite un* 

like them, and with a power equal to the best of 
the other class, in the new cases of zinc, copper, 
silver, &c. (1882, 1885, dec.)? 

1865. This difficulty, as 1 conceive, must be 
met, on the part of the contact theorists, by a 
new assumption, namely, that this fluid some- 
times acts as the best of the metals, or first class 
of conductors, and sometimes as the best of 
the dectrolyt^ or second class. But surely this 
would be far too loose a method of philosophiz- 
ing in an experimental science (1889) ; and fur- 
ther, it is most unfortunate for such an assum^ 
tioiity that this second condition or relation of it 
never comes on by itself, so as to give us a pure 
oaae of a current from contact alone; it never 
comes on tvUhout that chemical action to which 
the chemist so simply refers all the current 
which is then product. 

1866. It is unnecessary for me to say that the 
same argument applies with equal force to the 
eases where nitrous acid, nitric acid, and solu- 
tion of potash are used ; and it is supported with 
equal strength by the results which they have 
g^vm (1843, 1849, 1853). 

1867 « It may be thought that it was quite un- 
necessary, but in my desire to establish contact 
electromotive force, to do which I was at one 
time very anidous, I made many circuits of 
three substances, including v^lvanometer, all 
bchig conductors, with the hope of finding an 
anangmnent, which, without chemical action, 
should produce a current . The number and vari- 
ety of these experiments may be understood 
ftom the following summary; in which metals, 
phunbago, sulpburets and oxides, all being con- 
dttctors even of a thermo current, were thus 
eombh^ in various ways: 

Lflatinum 
2. Iron 
8.Zlne 
4. Copper 
5*Fluiiaba^ 

6.8cSlAOxideofiron 

7. Native peroxide of manganese 

8. Native gray sulphuret of copper 

9. Native Inm pyrites 

16. Native copper pyrites 

11. Catena 

12. Attifidal sulpfanret of eop 

18^ Aitificial 8u4)hu^ 
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1 and 2 with5, 6, 7,8,9, 10* H, 12, 13; H mtinn 
1 and 3 with 6, 6, 7, 8, 9, 16, 11, 12, 18, 14 
1 and 5 with 6, 7, 8, 9, 10, 11, 12, 13, 14 
8 and 6 with 7, 8, 9, 10, 11, 12, 13, 14 
4 and 5 with 6, 7, 8, 9, 10, 11, 12, 13, 14 
4 and 6 with 7, 8, 9, 10, 11, 12, 13, 14 
4 and 7 with 8,9, 10, 11, 12, 13, 14 
4 and 8 with 9, 10, 11, 12, 13, 14 
4 and 9 with 10, 11, 12,13, 14 
4 and 10 with 11, 12, 18, 14 
4 and 11 with 12, 13, 14 
4 and 12 with 13, 14 
4 and 13 with 14 
1 and 4 with 12 

1868. MartatSni states from experiment that 
copper is positive to sulphuret of copper: with 
the Voltaists, according to the same phnoso- 
pher, sulphuret of copper is positive to iron 
(1878), and with them also iron is positive to 
copper. These three bodies therefore ought to 
give a most powerful circle: but on the con- 
trary, whatever sulphuret of copper I have 
used, I have found not the slightest effect from 
such an arrangement. 

1869. As peroxide of lead is a body causing a 
powerful current in solution of sulphuret of po- 
tassium, and indeed in every case of a circuit 
where it can give up part of its oxygen, I thought 
it reasonable to expect that its contact with 
metals would produce a current, if contact ever 
could. A part of that which had been prepared 
(1822), was therefore well dried, which is quite 
essential in these cases, and formed into the 
following combinations: 

Platinum Zinc Peroxide of lead 

Platinum Lead Peroxide of lead 

Platinum Cadmium Peroxide of lead 

Platinum Iron Peroxide of lead 

Of these varied combinations, not one gave the 
least signs of a current, provided differences of 
temperature were excluded; though in every 
case the circle formed was, as to conducting 
power, perfect for the purpose, i.e., able to con- 
duct even a very weak thermo current. . 

1870; In the contact theory it is not there- 
fore the metals alone that must be assumed to 
have tow contact forces so balanced as to pro- 
duce, in any circle of them, an effect amount- 
ing to nothing (1809) ; but solid bodies that 
are able to e^uct, whether they be forms of 
carbon, or oxides, or sulphUrets, must be in- 
cluded in the same eatery. So alsomUst the 
ele^rolytes already r^erred to, narndy^, toe 
solutioim of suiphui^of potasidum andpo^h, 
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that <h> aot act chamiidly in tiie oircidt.mu8t 
be assumed, by the contact theory, to be ih this 
condition, un^ a case of Voltaic cuimit with- 
out chemical action is produced (1858). 

1871. Then, even admitting that the results 
obtained by Volta and his followers with the 
dectrometer prove that mere contact has an 
electromotive force and can produce an effect, 
surely all experience with contact alone goes to 
show that the electromotive forces in a circuit 
are alwa 3 r 8 balanced. How else is it likely that 
theabove-namedmost varied substancesshould 
be found to agree in this respect? unless indeed 
it be, as I beUeve, that all substances agree in 
this, of having no such power at all. If so, then 
where is the source of power which can account 
by the theory of contact for the current in the 
voltaic pile? If they are not balanced, then 
where is the suflScient case of contact alone pro- 
ducing a current? or where are the numerical 
data which indicate that such a case can be 
(1808, 1868)? The contact philosophers are 
bound to produce, not a case where the current 
is infinitesimally small, for such caimot account 
for the current of the voltaic pile, and will al- 
ways come within the debatable ground which 
De la Rive has so well defended, but a case and 
data of such distinctness and importance as 
may be worthy of opposition to the numerous 
cases produced by the chemical philosopher 
(1892) ; for without them the contact theory as 
applied to the pile appears to me to have no 
support, and, as it asserts contact electromo- 
tive force even luUh the balanced condition, to 
be almost without foundation. 

1872. To avoid these and similar conclusions, 
the contact theory must bend about in the most 
particular and irregular way. Thus the contact 
of solution of sulphuret of potassium with iron 
must be considered as balanced by the joint 
force of its contact with platinum, and the con- 
tact of iron and platinum with each other; but 
changing the iron for lead, then the contact of 
the sulphuret with the latter metal is no longer 
balanced by the other two contacts, it has all 
of a sudden changed its relation; after a few 
seconds, when a film of sulphuret has. been 
formed by the chemioid action, then the current 
ceases, though the circuit be a good conductor 
(1885); and now it must be assumed that the 
solution has acquired its first relation ta;^tibe 
metals and to the sulphuret of lead; and gives 
an equfillHjum condition of the contacts in the 

drcliv.. ‘ 


and with ptassa, dUutiok must; 
be adnut&d as produtihg no eitonge in the , 

pter d tiie contact force; but with nitric ad^ 
it, on the contrary, must be allowed to change 
the character of the force greatly (1977). So 
again acids and alkalies (as potassa) in the can* 
es where the currents are pr^uced by themi as 
with zinc and platinum for instance, must bC 
assumed as giving the preponderance of electro- 
motive force on the same side, though these Spre 
bodies which might have been expected to give 
oppsite currents, since they differ so much in 
th^ nature. 

1874. Every case of a current is obliged to 
be met, on the part of the contact advocates, 
by assuming powers at the points of contact, 
in the particular case^ of such proportionate 
strengths as will consist with the results (de- 
tained, and the theory is made to bend about 
(1956, 1992, 2006, 2014, 2063), having no gen- 
eral relation for the acids or alkalies, or^other 
electrol 3 d^ic soluticm used. The result therefore 
comes to this: The theory can predict nothutg 
regarding the results; it is accompanied by no 
case of a voltaic current produced without 
chemical action, and in those associated with 
chemical action, it bends about to suit the tobI 
results, these contortions being exactly parallel 
to the variations which the pure chemic^ force, 
by experiment, indicates. 

1875. In the midst of all this, how simply 
does the chemical theory meet, include, cmn- 
bine, and even predict, the numerous ex-* 
perimental results! When there is a cuirent 
there is also chemical action; when the action 
ceases, the cun^nt stops (1^2, 1885, 1894); 
the action is determined either at the anode 
or the cathode, according to circumstances 
(2039, 2041), and the direction of the current 
is invariably assodated with the directicm 
in which the active chmnical forces oblige tim 
anions and cations to move in the circle (962|< 
2052). 

1876. Now when in conjunction with these 
circuxnstanoes it is considered that the many 
arrangements without chemical action (182^, 
&c.) produce no current; that those with chem": 
ical action almost always produce a currpl;/ 
that hundreds occur in which chemical ad^' 
witiiout contact piodufmacurrent (201?^&k.|$^ 
and that m many vdth contact but witl^t 
chemical adfon <1867) are known ahd akt 
active; bow can we resist the conclusion, timt 
tiie powers df the voltaic battery onQffiste m 
tiie exertion of chfimical force? 
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Sviphufet of PoUussivm, &c. 

1877/ In 1812 Davy gave an experiment to 
flhow, tiiat of two different metals, copper and 
iron, that having the strongest attraction for 
oxygen was positive in oxidizing solutions, and 
that having the strongest attraction for sulphur 
was positive in sulphuretting solutions.^ In 1 827 
De la Rive quoted several such inversions of 
states of two metals, produced by using 
different solutions, and reasoned from them, 
that the mere contact of the metals could not 
be the cause of their respective states, but that 
the chemical action of the liquid produced these 
states.^ 

1878. In a former paper I quoted Sir Hum- 
phry Davyds experiment (943), and gave its 
result as a proof ^at the contact of the iron and 
copper could not originate the current produced ; 
since when a dilute acid was used in place of the 
sulphuret, the current was reverse indirection, 
and yet the contact of the metals remained the 
same. M. Marianini* adds that copper will pro- 
duce the same effect with tin, lead, and even 
zinc; and also that silver will produce the same 
results as copper. In the case of copper he ac- 
counts for the effect by referring it to the rela- 
tion of the iron and the new body formed on the 
copper, the latter being, according to Volta, 
positive to the former.* By his own experiment 
the same substance was negative to the iron 
across the same solution.^ 

1879. 1 desire at present to resume the class 
of eases where a solution of sulphuret of potas- 
sium is the liquid in a voltaic circuit; for I think 
they give most powerful propf that the current 
in the voltaic battery cannot be produced by 
contact, but is due altogether to chemical 
action. 

1880. The solution of sulphuret of potassium 
(1812) is a most excellent conductor of electric- 
ity (1814). When subjected between platinum 
electrodes to the decomposing power of a small 
voltaic battery, it readily gave pure sulphur at 
the anode, and a little gas, which was probably 
hydrogen, at the cathode. When arranged with 
{datinum surfaces so as to form a Ritter’s seoon- 
darypile, thepassageofafeeble primary current, 
f<xr a few seconds only, makes this secondly 
battery ^ective in causing a counter current ; so 
^t, in accordance with the electrolytic conduc- 


A BUments of Chemical Philoaq^y, p. 148. 
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tion(923, 1343), it probdidy does not conduct 
without decomposition,^ or if at all, its point of 
electrolytic intensity (966, 988) must he very 
low. Its exciting action (speaking on the chemi- 
cal theory) is eitherthegivingan anion (sulphur) 
to such metallic and other bodies as it can act 
upon, or, in some cases, as with the peroxides of 
lead and manganese, and the protoxide of iron 
(2046), the abstraction of an anion from the 
body in contact with it, the current produced 
being in the one or the other direction accord- 
ingly. Its chemical affinities are such that in 
many cases its anion goes to that metal, of a 
pair of metals, which is left untouched when the 
usual exciting electrolytes are employed; and 
so a beautiful inversion of the current in rela- 
tion to the metals is obtained ; thus, wh^ cop- 
per and nickel are used with it, the anion goes 
to the copper; but vrhen the same meta^ are 
used with the ordinary electrol3rtic' fluid4 the 
anion goes to the nickel. Its excellent conduct- 
ing power renders the currents it can excite very 
evident and strong; and it should be remem- 
bered that the strength of the resulting cur- 
rents, as indicated by the galvanometer, de- 
pends jointly upon the energy (not the mere 
quantity) of the exciting action called into play, 
and the conductive ability of the circuit through 
which the current has to run. The value of this 
exciting electrolyte is increased for the present 
investigation, by the circumstance of its giving, 
by its action on the metals, resulting com- 
pounds, some of which are insoluble, whilst 
others are soluble; and, of the insoluble results, 
some are excellent conductors, whilst others 
have no conducting power at all. 

1881. The experiments to be described were 
made generally in the following manner. Wires 
of platinum, gold, palladium, iron, lead, tin, 
and the other malleable metals, about one- 
twentieth of an inch in diameter and six inches 
long, were prepared. Two of these being con- 
nect^ with the ends of the galvanometer-wires, 
were plunged at the same instant into the solu- 
tion of sulphuret of potassium in a test-glass, 
and kept there without agitation (1919), the 
effects at the same time being observed. The 
wires were in every case carefully claused with 
fresh fine sand«-paper and a clean cloth; and 
were sometimes even burnished by a glass rod, 
to give themasmooth surface. Precautions were 
taken to avoid any differencenf temperature at 

junctions of the different metals with the 
galvanometer-wires. 

1882. Tin and ploHnim* When tin was associ- 
ated with platinum, gold, or, I may say, any 
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orfcher meiial whidi is chemically inactive ui th^ 
solution of the sulphuret, a strong electric cur- 
rent was produced, the tin being positive to the 
platinum through the solution, or, in other 
words, the current being from the tin through 
the solution to the platinum. In a very short 
time this current fell greatly in power, and in 
ten minutes the galvanometer-ne^le was near- 
ly at 0®. On then endeavouring to transmit 
the antimony-bismuth thermo current (1826) 
through the circuit, it was found that it could 
not pass, the circle having lost its conducting 
power. This was the consequence of the formar 
tion on the tin of an insoluble, investing, non- 
conducting sulphuret of that metal; the non- 
conducting power of the body formed is not 
only evident from the present result, but also 
from a former experiment (1821). 

1883. Marianini thinks it is possible that (in 
the case of copper, at least [1878], and, so I 
presume, for all similar cases, for surely one 
law or principle should govern them) the cur^ 
rent is due to the contact force of the sulphuret 
formed. But that application is here entirely ex- 
cluded ; for how can a nonrconditcting body form 
a current, either by contact or in any other 
way? No such case has ever been shown, nor is 
it in the nature of things; so that it cannot be 
the contact of the sulphuret that here causes 
the current; and if not in the present, why in 
any case? for nothing happens here that does 
not happen in any other instance of a current 
produced by the same exciting electrol 3 rte. 

1884. On the other hand, how beautiful a 
proof the result gives in confirmation of the 
chemical theory! Tin can take sulphur from the 
electrolyte to form a sulphuret; and whilst it 
is doing so, and in proportion to the degree in 
which it is doing so, it produce^ a current; but 
when the sulphuret which is formed, by investr 
ing the metal, shuts off the fluid and prevents 
further chemical action, then the current ceases 
also. Nor is it nm.8sary that it should be a non- 
conductor for this purpose, for conducting sul- 
phurets will perform the same office (1885, 
1894), and bring about the same result. What, 
then, can be more clear^ than that whilst the 
sulphuret is being formed a current is produced, 
but that when formed its mere contact can do 
nothing towards such an effect? 

1885. Lead, This metal presents a fine result 
in the solution of sulphuret of potassium« Lead 
and platinum being the metals used, the lead 
Was at first highly positive, butina fewsecbnds 
tfes curreak felL and in tvro.minuto Ihe gal- 
vanometer-neecUe was at (f. Stitt the arrange- 


ment conducted a fei^ Ihenno eurr^t ex* 
lamely well, the conducting power not having 
disappeared, as in the ease of tin ; for the invest- 
ing sulphuret of lead is a conductor (1820). 
Nevertheless, though a conductor, it could stop 
the further chemical action; and that ceasing, 
the current ceased also. 

1886. Lead and gold produced the same effect. 
Lead and palladium the same. Lead and iron 
the same, except that the circumstances re- 
specting the tendency of the latter metal under 
common circumstances to produce a current 
from the dectrolyte to itself, have to be con- 
sidered and guarded against (1826, 2049). Lead 
and nickel also the same. In all these oases, 
when the lead was taken out and washed, it was 
found beautifully invested with a thin polished 
pellicle of sulphuret of lead. 

1887. With lead, then, we have a conducting 
suif^uret formed, but still there is no sign that 
its contact can produce a current, any. more 
than in the case of the nonrcondueting sulphuret 
of tin (1882). There is no new or additional 
action produced by this c(mducting body; there 
was no deficiency of action with the former nonr 
conducting product; both are alike in their re- 
sults, being in fact, essentially alike in their 
relation to that on which the current really de- 
pends, namely, an active chemical force. A 
piece of lead put done into the solution of sul- 
phuret of potassium, has its surface converted 
into sulphuret of lead, the proof thus being ob- 
tained, even when the current cannot be formed, 
that there is a force (chemical) present and 
active under such circumstances ; and such force 
can produce a current of chemical force when 
the circuit form is ^ven to the arrangement. 
The force at the place of excitement shows it- 
self, both by the formation of sulphuret of lead 
and the production of a current. In i^oportion 
as the formation of ^e one decreases the pro- 
duction of the other diminishes, though all the 
bodies produced are conductors, and contact 
still remains to perform any work or cause exuf 
effect to which it is competent. 

1888. It may perhaps be said that the curra^ 

is due to the contact between the solution ci 
sulphuret and the lead (or tin, as the case may 
be), which occurs at the beginning of 
periment; and that wh^ the acticm ceases; it, is 
because a new body, l^e sulphuret of l6a4t is tn* 
troduced mto the drcoit, the various contocte 
being then balanced in their force. This woi^d 
be to fall back upmi the assumption hefom re- 
sisted (1861, 1866, 1872), namely^tbattibesohl* 
tion may cisM withmetaband bodieek; 





some of^ these bodies, as in this ease, to the mil- 
phuret of leadprodueed, but not with o^e, as 
the lead its^; both the lead and its sulphuric 
fa^ag in the same category as the metals gea- 
e^nlly (ISOft, 1870). 

18W. The utter improbabiUty of this as a 
natural effect, and the absence of all experi- 
mental proof in support of it, have been already 
stated (1861, 1871), but one or two additional 
reasons against it now arise. The state of things 
may perimps be made clearer by a diagram or 
two, in which assumed contact forces may be 
assigned, in the absence of all experimental ex- 
pression, without injury to the reasoning. Let 
Fig. 4i PI* XII, represent the electromotive 
forces of a circle of platinum, iron, and solution 
(d sulphuret of pot^um; or platinum, nickel, 
and solution of sulphuret; cases in which the 
forces are, according to the contact theory, bal- 
anced (1860). Then Fig. S may represent the 
drcle of platinum, lead, and solution of sul- 
phuret, which does produce a current, and, as 

I have assumed, with a resulting force of 

II — Hiis in a few minutes becomes quies- 
cent, i.e., the current ceases, and Fig. 6 may rep- 
resent this new case according to the contact 
theory. Now is it at all likely that by the inter- 
vention of sulphuret of lead at the contact c, 
Fig. 5, and the production of two contacts d 
and 6, Fig. 6, such an enormous change of the 
contact force suffering alteration should be 
made as from 10 to 217 the intervention of the 
same sulphuret mther at a or & (1834, 1840) be- 
ing able to do nothing of the kind, for the sum 
of the force of the two new contacts is in that 
easo exactly equal to the force of the contact 
i^ch they rej^acO, as is proved by such inter- 
{bidtion making no change in the effects of the 

(1867, 1840). If therefore the intervention 
ol this body between lead and platinum at a, or 
8(dution of erdphmr^ of potassium and 
pklkium at b (Fig. 5) causes no change, these 
OiMs indoding its contact with both 1^ and 
Ihe scdution of sulphuret, is it at all probable 
im kitervention between these two bo<&^ 
air e AoUld mdte a difference equal to double 
to amount Of fm*ce previously exbting, or 
deed any lUffe^ce at all? 

1890. Such an altd^atbn as this, hi the sum 
togned as the amount Of the forces belon^ng 
JO ^e suitor of Imd by virtue of its two 
: of totaet, is equival^t I think to say^ 

' toftibatitpartfdcesof tlieaiiinnalouscharaxT^ 
supposed to to certain fluids, 
. of sometimes caving balanced forces in 


drdes of good cbnductomi and at teller tisto 
not (1865). 1 

1891. Even the metals th^nsdives must In 
fact be forced into this constrained condition; 
for the effect at a point of contact, if there be 
a/ny at aS, must be the result of the joifd and 
mutual actions of the bodies in contact. If there- 
fore in the circuit. Fig. 5, the contact forces are 
not balanced, it must be because of the deficient 
joint action of the lead and solution at c.^ If the 
metal and fluid were to act in their proper char- 
acter, and as iron or nickel would do in the place 
of the lead, then the force there would be — 
21, whereas.^is less, or according to the as- 
sumed numbers only 10. Now as tnere is 
no reason why the lead should have any superi- 
ority assigned to it over the solution, sin^ the 
latter can give a balanced condition am^gst 
good conductors in its proper situation as Well 
as the former; how can this be, imless lead 
sess that strange character of sometimes giving 
equipoised contacts, and at other times not 
(1865)7 

1892. If that be true of lead, it must be true 
of all the metals which, with this sulphuretted 
electrolyte, give circles producing currents; and 
this would include bismuth, copper, antimony, 
silver, cadmium, zinc, tin, &c., &c. With other 
electrolytic fluids iron and nickel would be in- 
cluded, and even gold, platinum, palladium; in 
fact all the bodies that can be made to yield in 
any way active voltaic circuits. Then is it pos- 
sible that this can be true, and yet not a single 
combination of this extensive class of bodies be 
producible that can give the current without 
chemical action (1867), considered not as a re- 
sult, but as a known and pre-existing force? 

1893. 1 will endeavour to avoid further state- 
ment of the arguments, but think myself bound 
to produce (1799) a small proportion of the 
enormous body of facts which appear to me to 
bear evidence all in one directilon. 

1894. Bismuth. This metal, when associated 
with platinum, gold, or pall^ium in solution 
of the sulphuret of potassdum, gives active cir- 
cles, to bismuth b^g poritive. In to course 
of less ton half an hour to current ceases; but 
to circuit is stfll an excellent conductor of 
tormo currents. Bismuth with iron or nidkel 
produces the same final result with to reserva- 
tion before made (1826). Bismuth and lead^ve 
an active emte; at first to bismuth is potitive; 

» My iraetors am cnmm and if othsr numbers 
were taken^ misfit be tp 

tact 6, or even to contact a, but the end pirns 
meat would in every oaee be theasWie. ' 
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^rmst iftitt eoiiduota the tiiehno cuitcnlt 

1895. Thua wfailat aulpfauret of bismutiai is in 
the act of formation the ourrent is produced; 
when the chemical action ceases the current 
ceases also ; though contact continues and the 
su^uret he a good conductor. In the case of 
Usmoth and leid the chemical action occurs at 
both sides, but is most energetic at the Usmuth, 
and the current is determined accordingly. 
Even in that instance the cessation of chemical 
action causes the cessation of the current. 

1896. In these experiments with lead and hie- 
muth I have given their associations with plat- 
inum, gold, palladium, iron, and nickd; be- 
cause, believing in the first place that the re- 
sults prove all current to depend on chemical 
action, then, the quiescent state of the result- 
ing or final circles shows that the contacts of 
these metals in their respective pairs are withr 
out force (1829) : and upon that again follows 
the passive condition of all those contacts which 
can be produced by interposing other conduct- 
ing bodies between them (1833); an argument 
that need not again be urged. 

1897. Copper. This substance beingassociated 
with platinum, gold, iron, or any mets^ chem- 
ically inactive in the solution of sulphuret, gives 
an active circle, in which the copper is positive 
through the electrolyte to the other metal. The 
action, though it falls, does not come to a close 
as in the former cases, and for these simple 
reasons; that the sulphuret formed is not com- 
pact but porous, and does not adhere to the 
copper, but separates from it in scales. Hence 
results a continued renewal of the chemical ac* 
tion between the metal and electrolyte, and a 
continuance of the cunwt. If after a w^e the 


meet 

on it could have caused 
current and pomtive state bf (he cq>per 
1897). A further proof that it is hot the mete 
presence, but the /omedfen, of the Bulphutet 
which causes the current, is, thaty if the plaite 
be left l<mg enough for the solution to penetrate 
the invesling crust of sulphuret of copper and 
come into activity on the metal benea^, then 
the plate becomes active, and a curr^t is 
produced. 

1899. 1 made some sulphuret of copper, by 
igniting thick copper wire in a Florence flavor 
crucible in abundance of vapour of sulphur. The 
body produced is in an excellent fonn for these 
experiments, and a good conductor; but it is 
not without action on the sulphuretted solution^ 
from which it can take more sulphur, and the 
consequence is that it is positive to platinuixi or 
iron in such a solution. If such sulphuret of co^ 
per be left long in the solution, and then be 
washed and dried, it will generally acquire the 
final state of sulphuration, either in paits or al- 
together, and also be inactive, as the sulphuret 
formed on the copper was before (1898); i.e*, 
when its chemical action is exhaust^, it ceases 
to produce a current. 

1900. NcMve gray eulphuret of copper has the 
same relation to the electrolyte : it takes sulphur 
from it and is raised to a higher state of com* 
bination; and, as it is also a conductor (1820), 
it produces a current, being itself positive so 
long as the action continues. 

1901. But when the copper vefodby 

iedy then all these actions cease; thou^ the sal«* 
phuret be a conductor, the contacts stilt re- 
main, and the circle can cany with facility a 
feeble thermo current. This is not only shown 


copper plate be taken out and washed, and 
dri^, even the wiping will remove part of the 
sulphuret in scales, and the nail separates the 
rest with facility. Or if a copper plate be left in 
abundance of the sdution of sulphuret, the 
chemiesd action con&ntiss, and the coat of sulr 
phuret of copper beemnes thicker and thicker. 

1898. If, as Marianini has shown, ^ a copper 
plate whii^ has been dipped in the solution <A 
sulphuret, be removed before the coat formed 
is 80 as to break up from the metal be- 
neath, and be washed and dried, and then re- 
placed, in assoeiatiem with platinum or iron, in 
the solution, it wfil at first be neutral, or, as is 
oft^ the negative (1827, 1838) to (be 
other metal, & result qtuite in opposition to the 



by the quiescent cases Just mentioned (1898), 
but also by the utt^ inactivity of platinum, 
and eompadt ydlow copper when oon*^ 

joined by this el 6 ctik»i 3 d«, asi^ovm in a former 
part of this paper (18^), 

1902. Antimony. This metal, bdagputaloite 
into a solution of sulphuret of potassium, is 
ed on, and a sidphufet of antimony formsA 
which does not a^ere strongly to tee mem 
but wipes off. Ateordingly, if a drcle be forms , 
of antimony, pUtmiim, and the solution, IbO 
antimony is positive in the electrolyte, and a 
powerful current is formed, which oontiiiiieSh 
Here then is another beautifiil vaxiatkm'of tite 
conditions under which the chenneal teeoty can 
so easily account for the effects, whilst teetiia* 
ory of contacts cannot. The sulpbureftf prodooed 
k this ease k a non-oonduetor whi^ in tea 
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SoMstote (4Q2);ttcaimottherefo]«betJ^ 
cmteet of this sulphuret can produce the cur- 
rent; in that respect it is like the railphuret of 
tin (1862)« But that circumstance does not 
stop tiie occurrence of the chemical current; 
for, as the sulphuret forms a porous instead of 
a continuous crust, the electrolyte has access 
to the metal and the action goes on. 

1903. Silver. This metal, associated with plat* 
inum, iron, or other metals inactive in this elec- 
trolyte, is strongly positive, and gives a power- 
ful continuous current. Accordingly, if a plate 
oi edlver, coated with sulphuret by the simple 
action of the solution, be examined, it will be 
found that the crust is brittle and broken, and 
separates almost spontaneously from the metal. 
In this respect, therefore, silver and copper are 
alike, and the action consequently continues in 
both cases; but they differ in the sulphuret of 
silver being a non-conductor (434) for these 
feeble currents, and, in that respect, this metal 
is analogous to antimony (1902). 

1904. Cadmium. Cadmium with platinum, 
gold, iron, &c., gives a powerful current in the 
solution of sulphuret, and the cadmium is pos- 
itive. On several occasions this current contin- 
ued for two or three hours or more; and at such 
times, the cadmium being taken out, washed 
and wiped, the sulphuret was found to separate 
easily in scales on the cloth used. 

1905. Sometimes the current would soon 
cease; and then the circle was found not to con- 
duct the thermo current (1813). In these cases, 
also, on examining the cadmium, the coat of 
sulphuret was strongly adherent, and this was 
more especially the case when prior to the ex- 
pmment the cadmium, after having been 
cleaned, was burnished by a glass rod (1881). 
Heneeitappears thatthesulphuretof thismet^ 
is a non-conductor, and that its contact could 
not have caused the current (1883) in the man- 
ner Marianini supposes. All the results it sup- 
plies are in perfect harmony with the chemicat 
tbeoiy and adverse to contact theory. 

1906. Zinc. This metal, with platinum, gold, 
iron, Ac., and the solution of sulphuret, pro- 
duces a very powerful current, and is positive 
through the ^ution to the other metal. The 
current was p^manent. Here another beauti- 
ful dumge in the circumstances of the general 
experiment occurs. Sulphuret of sine is a non- 
eemduotor of dectii^ty (1821), like the sul- 
l^urets of tin, cadmium, and antimony; but 

it is sc^uble in the solution of sulphuret of 
a property easily ascertai^ble by 
of solutimiof mcinto apoiticn 


of the electrolyte solution, and first sfhting 
them a little, by which abundance of sulphuret 
of sne will be formed; and then stirring the 
whole well together, when it will be redissolved. 
The consequence of this solubility is, that the 
sine when taken out of the solution is perfectly 
free from investing sulphuret of zinc. Hence, 
therefore, a very sufficient reason, on the 
chemical theory, why the actiem should go on. 
But how can the theory of contact refer the 
current to any contact of the metallic sul- 
phuret, when that sulphuret is, in the first 
place, a non-conductor, and, in the next, is 
dissolved ancl carried off into the solutiem at 
the moment of its formation? t 

1907. Thus all the phenomena with this ad- 
mirable electrolyte (1880), whether the^be 
those which are related to it as an active (1^9) 
or as a passive (1825, Ac.) body, confirm liie 
chemical theory, and oppose that of contact. 
With tin and cadmium it gives an impermeable 
non-conducting body; with lead and bismuth 
it gives an impermeable conducting body; with 
antimony and silver it produces a permeable 
non-conducting body ; with copper a permeable 
conducting body; and with zinc a soluble non- 
conducting body. The chemical action and its 
resulting current are perfectly consistent with 
all these variations. But try to explain them by 
the theory of contact, and, as far as I can per- 
ceive, that can only be done by twisting the 
theory about and making it still more tortuous 
than before (1861, 1865, 1872, 1874, 1880); 
special assumptions being necessary to account 
for the effects which, under it, become so many 
special cases. 

1908. Solution of protoeulphuret of potaeeium^ 
Of bihydrosulphuret of potassa. I us^ a solution 
of this kind as the electrolyte in a few cases. 
The results generally were in accordance with 
those already given, but I did not think it nec- 
essary to pursue them at length. The solution 
was made by passing sulphuretted hydrogen 
gas for twenty-four hours through a strong solu- 
tion of pure caustic potassa. 

1909. Iron and platinum with this solution 
formed a circle in which the iron was first nega- 
tive, then gradually became neutral, and final- 
ly acquired a positive state. The solution first 
acted as the yellow sulphuret in reducing the 
investing oxide (2049), and then, apparently, 
directly on the iron, dissolving the sulj&uret 
formed. Nickel was posiAve to platinum from 
the first, and continued so though producing 
only a weak current. When weak chemical ac- 
tion was substituted for nietallic contact at ^ 
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(PL XII, Fig, (1831), a powerful current 
passed. Copper was highly positive to iron and 
nickel; as also to platinum, gold, and the other 
metals which were unacted upon by the solution. 
Silver was positive to iron, nickel, and even 
lead; as well as to platinum, gold, <&c. Lead is 
positive to platinum, then the current falls, but 
does not cease. Bismuth is also positive at first, 
but after a while the current almost entirely 
ceases, as with the yellow sulphuret of potas- 
sium fl894). 

1910. Native gray sulphuret of copper and 
artificial sulphuret of copper (1899) were posi- 
tive to platinum and the inactive metals: but 
yellow copper P 3 rrites, yellow iron pyrites, and 
galena, were inactive with these metals in this 
solution; as before they had been with the solu- 
tion of yellow or bisulphuret of potassium. This 
solution, as might be expected from its compo- 
sition, has more of alkaline characters in it than 
the yellow sulphuret of potassium. 

1911. Before concluding this account of re- 
sults with the sulphuretted solutions, as excit- 
ing electrolytes, I will mention the varying and 
beautiful phenomena which occur when copper 
and silver, or two pieces of copper, or two piec- 
es of silver, form a circle with the yellow solu- 
tion. If the metals be copper and silver, the 


copper is at first po^tive and the silver remaine 
untarnished; in a short time this action ceases, 
and the silver becomes positive; at the same in- 
stant it begins to combine with sulphur and 
becomes covered with sulphuret of silver; in 
the course of a few moments the copper again 
becomes positive; and thus the action will 
change from side to side several times, and the 
current with it, according as the circumstances 
become in turn more favourable at one side or 
the other. 

1912. But how can it be thought that the 
current first produced is due in any way to the 
contact of the sulphuret of copper formed, since 
its presence there becomes at last the reason why 
that first current diminishes, and enables the 
silver, which is originally the weaker in excit- 
ing force, and has no sulphuret as yet formed 
on it, to assume for a time the predominance, 
and produce a current which can overcome that 
excited at the copper (1911)? What can account 
for these changes, but chemical action which, 
as it appears to me, accounts, as far as we have 
yet gone, with the utmost simplicity, for all the 
effects produced, however varied the mode of 
action and their circumstances may be? 

Royal InstitiUion, December 12, 1839 
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If iv. The Exciting Chemical Force Affected 
by Temperature 

1913. On the view that chemical force is the 
origin of the electric current in the voltaic cir- 
cuit, it is important that we have the power of 
causing by ordinary chemical means, a varia- 
tion of that force within certain limits, without 
involving any alteration of the metallic ot even 
the other contacts in the circuit. Such vma- 
tions should produce corresponding voltaic ef- 
fects, and it ap^med not iniprobable t^t 
these differences alone might be made effective 


enough to produce currents without any me- 
tallic contact at all. 

1914. De la Rive has shown that the increased 
action of a pair of metals, when put into hot 
fluid instead of cold, is in a great measure due 
to the exaltation of the chemical affinity on 
that metal which was acted upon.^ My object 
was to add to the argument by ufing but ope 
metal and one fluid, so that the fluid ix^tjbe 
alike at both contacts, but to exalt the 
cal force at ofle only of the contacta by the ao- 

1 Annalei de Chimie^ 1828, XXXVIl, p, 242. 




tion of heat If audbt differeooe jprodooiM « mx^ 
rmt oirotoB whidi either <Ud not fenerate 

a thensbO current th^nadves, or could not con-* 
duct that of an antimony and bismuth element 
it seemed probable that the effect would prove 
to be a result of pure clmmical force, contact 
doing nothing. 

1915. The apparatus used was a ^ass tube 
(PL XIII, Fig. 1) about five inches long and 
0.4 of an inch internal diameter, open at both 
ends, bent, and supported on a retort-etand. 
In this the liquid was placed, and the portion 
in the upper part of one limb could then easily 
be heat^ and retained so, whilst that in the 
other limb was cold. In the experiments I will 
call the left-hand side A, and the right-hand 
side B, taking care to make no change of these 
designations. C and D are the wires of metal 
(1881) to be compared; they were farmed into 
a circuit by means of the galvanometer, and, 
often also, a Seebeck’s thermo-element of an- 
timony and bismuth; both these, of course, 
caused no disturbing effect so long as the tem- 
perature of their various junctions was alike. 
The wires were carefully prepared (1881 ), and 
when two of the same metal were used, they 
consisted of the successive portions of the same 
piece of wire. 

1916. The precautions which are necessary 
for the elimination of a correct result are rather 
numerous, but simple in their nature. 

1917. Effect of first immersion. It is hardly 
possible to have the two wires of the same met- 
al, even platinum, so exactly alike that they 
shall not produce a current in consequence of 
their difference; hence it is necessary to al- 
ternate the wires and repeat the experiment 
several times, until an undoubted rei^t inde- 
pendent of such disturbing influences is ob- 
tained. 

1918. Effect of the investing fluid or svibskmce. 

The fluid produced by &e action of the liquid 
upon the metal exerts, as is wdl known, a most 
important influence on the production of a cur^^ 
rent. Thus when two wires of cadmium were 
used with tlieapparatu8<Pl.XIII,Fi^4i) (1915) 
containing dilute sulphurie acid, hot on one 
Bide and cold on the otib^, the hot eadmkim 
was at first positive, producing a deflection of 
about 10?; hat in a ctort time this effect dkh 
appeared, and a ounrat in the reverse direc- 
tion equal to t(f or More woidd the 

hot cadmitnh being now negative. 

to thequieker exhimstbn of ^ chemicaliorcM 
of the film of add on tibe heated m^alhc sur- 
face (1008^ 103^ and the 0 <nis 6 <pi^t 


m 

final mpmtmty tUl the eolderddeatvdbl^ 
aetionwaathusn6oeaBaiflynior6powerfiil<t9®f 
fbo.; 1966, 2015, 2031, Ac,). Mariaaiini has^ 
scribed many cases of the effects of investing 
solutions, showing that if two pieces of the 
same metal (iron, tin, lead, dno, &c.) be used, 
the one first immersed is negative to the other, 
and has ^ven bis views of the cause.' The pre- 
caution against this effect was not to put the 
metals into the acid until the proper tempera- 
ture had been given to both paj^ of it, and 
then to observe the first effect produced, ac- 
counting that as the true indication, but re- 
peating the experiment until the result was 
certain. 

1919. Effect of motion. This investing fluid 
(1918) made it necessary to guard against the 
effect of successive rest and motion of the metal 
in the fluid. As an illustration, if two tin wires 
(1881) be put into dilute nitric acid, there wiU 
probably be a little motion at the galvanome- 
ter, and then the needle will settle at 0^. If 
either wire be then moved, the other remaining 
quiet, that in motion will become positive* 
Again, tin and cadmium in dilute sulphuric 
acid gave a strong current, the cadmium being 
positive, and the needle was deflected 80^. 
When left, the force of the current fell to 35% 
If the cadmium were then moved it produced 
very little alteration; but if the tin were moved 
it produced a great change, not showing, as 
before, an increase of its force, but the reverse, 
for it became more negative, and the curr^ 
force rose up again to 8(P.' The precaution 
adopted to avoid the interference of these 
actions, was not only to observe the first ^ect 
of the mtroduced wires, but to keep themmov- 
mg from the moment of the introduction. 

1920. The above effect was another reason 
for heating the acids, &c. (1918), before the 
wires were immersed; for m the experiment 
just described, if timcadMum side were heatod 

I Aimaks de CHmis, 1830, XLY, p. 40. 

t Tin has some remarkable actions in this respect. 
If tieo tins be immersed in gucoession into dilute m- 
trio acid, the one last in is positive to the other at the 
moment: if, both being in, one be moved, that is for 
the time positive to the other. But if dilute sulphuric 
acid be employed, the last tin is always negative,: if 
one be taken out, cleaned, and reimmersed, it is neg- 
ative: if, both being in and neutral* one be uiovedf^ 
beoomee negative to the other. The effeeta with haife* 
riatio acid are the same in kind as those with sul^ 
phurio add, but not so strong. This effect jpauAtsspS 
depends upon the compound of tin first produced.m 
the eulphuric ana muriatic acids tendixm to aeqyire 
some oUier and more advanced state, either in rela- 
tion to the oaQ/gen, chlorine or acid ooneenisd, and 
BO addling a force to that which at the first monmt, 
when metallic tin and add are precent, tends tc 

dcterminaa current. 
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to bdlfing, the motmeot the fluid was agitated 
on tSie tin side by the boiling on the cadmium 
side, there was more effect by far produced by 
the motion than the heat: for the heat at the 
cadmium alone did little or nothing, but the 
jumping of the acid over the tin made a differ- 
ence in the current of 20® or 30®, 

1921. Effect of (dr. Two platinum wires were 
put into cold strong solution of sulphuret of 
pcM^assium (1812), (R. XllI, Fig. 1); and the 
galvanometer was soon at 0®. On heating and 
boiling the fluid on the side A (1915) the plati- 
num in it became negative; cooling that side, 
by pouring a little water over it from a jug, 
and heating the side B, the platinum there in 
turn became negative; and, though the action 
was irregular, the same general result occurred 
however the temperatures of the parts were 
altmd. This was not due to the chemical ef- 
fect of the electrol 3 rte on the heated platinum. 
Nor do I believe it was a true thermo current 
(1933) ; but if it were the latter, then the heated 
platinum was negative through the electrolyte 
to the cold platinum. I believe it was altogether 
the increased effect of the air upon the dectro- 
lyte at the heated side; and it is evident that 
the application of the heat, by causing cur- 
rents in the fluid and also in the air, facilitates 
their mutual action at that place. It has been 
already shown that lifting up a platinum wire 
in this solution, so as to expose it for a moment 
to the air (1827), renders it negative when re- 
immersed, an effect which is in perfect accord- 
ance with the assumed action of the heated air 
and fluid in the present case. The interference 
of this effect is obviated by raising the tem- 
pmture of the electrolyte quietly before the 
wires are immersed (1918), and oteerving only 
the first effect. 

1922. Effect of heat. In certain cases where 
two different metals are used, there is a very 
remarkable eff ect produced on Wting the nega- 
tive metal. This will require too much detail to 
be described fully here; but I will briefly point 
it out and illustrate it by an example or two. 

1923. When two platinum wires were com- 
pBxed in hot and cold dilute sulphuric acid 
(1935), they gave scarcely a sensible trace of 
any electric current. If any real effect of heat 
occurred, it was that the hot metal was the 
least degree positive. When silver and silver 
Were compared, hot and cold, there was also no 
sentible edB^ect, But when platinum and silver 
wm compared m the same acid, different ef- 
jteolto occurred. Both being cold^ the tilver in 
t^Ai^(PLX[II,Ff^.l) (1915) was positive 
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about 4®, by the galvanometer; moving the 
platina on the other side B did not alto* this 
effect, but on heating the acid and platinum 
there, the current became very powerful, de- 
flecting the needle 30®, and the silver was posi- 
tive. \^lst the heat continued, the effect con- 
tinued ; but on cooling the acid and platinum it 
went down to the first degree. No such effect 
took place at the silver; for on heating that 
side, instead of becoming negative, it became 
more positive, but only to the degree of de- 
flecting the needle 16®. Then, motion of the 
platinum (1919) facilitated the passing of the 
current and.tl^e deflection increased, but)A6a^> 
ing the platinum side did far more. i 

1924. Silver and copper in dilute sulphuric 
acid produced very little effect; the coppei was 
positive about 1® by the galvanometer; mov- 
ing the copper or the silver did nothing; heat- 
ing the copper side caused no change; but on 
heating the silver side it became negative 20®. 
On cooling the silver side this effect went down, 
and then, either moving the silver or copper, 
or heating the copper side, caused very little 
change: but heating the silver side made it 
negative as before. 

1925. All this resolves itself into an effect of 
the following kind; that where two metals are 
in the relation of positive and negative to each 
other in such an electrolyte as dilute acids (and 
perhaps others), heating the negative metal at 
its contact with the electrolyte enables the cur- 
rent, which tends to form, to pass with such 
facility, as to give a result sometimes tenfold 
more powerful than would occur without it. It 
is not displacement of the investing fluid, for 
motion will in these cases do nothing: it is not 
chemical action, for the effect occurs at that 
electrode where the chemical action is not ac- 
tive: it is not a thermo-electric phenomenon of 
the ordinary kind, because it depends upon a 
voltaic relation; i.e., the metal showing the ef- 
fect must be negative to the other metal in the 
electroljrte; so silver heated does nothing with 
silver cold, though it shows a great effect with 
copper either hot or cold (1924) ; and platinum 
hot is as nothing to platinum cold, but much to 
silver either hot or cold. 

1926. Whatever may be the intimate action 
of heat in these cases, there is no doubt that it 
is dependent on the current which tends to 
pass round the circuit. It is essential to remem- 
ber that the increased effect on the galvanom- 
eter is not due to any increase in the eledtro- 
motive force, but soldy to the removal of ob- 
stiuction to thecurrent by an increase probaibly 
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of discharge. M. de la Rive has described an 
effect of heat, on the passage of the electric 
current, through dilute acid placed in the cir- 
cuit, by platinum electrodes. Heat applied to 
the negative electrode increased the deflection 
of a galvanometer needle in the circuit, from 
12® to 30® or 45®; whilst heat applied to the 
positive electrode caused no change.^ I have 
not been able to obtain this nullity of effect at 
the positive electrode when a voltaic battery 
was used (1639) ; but I have no doubt the pres- 
ent phenomena will prove to be virtually the 
same as those which that philosopher has de- 
scribed. 

1927. The effect interferes frequently in the 
ensuing experiments when two metals, hot and 
cold, are compared with each other; and the 
more so as the negative metal approximates in 
inactivity of character to platinum or rhodium. 
Thus in the comparison of cold copper, with 
hot silver, gold, or platinum, in dilute nitric 
acid, this effect tends to make the copper ap- 
pear more positive than it otherwise would do. 

1928. Place of the wire termmdime. It is req- 
uisite that the (nd of the wire on the hot side 
should be in the heated fluid. Two copper wires 
were put into diluted solution of sulphuret of 
potassium (PI. XIII, Ftp. i8) ; that portion of the 
liquid extending from C to D was heated, but 
the part between D and E remained cold. 
Whilst both ends of the wires were in the cold 
fluid, as m the figure, there were irregular move- 
ments of the galvanometer, small in degree, 
leaving the B wire positive. Moving the wires 
about, but retaining them as in the figure, 
made no difference; but on raising the wire in 
A, so that its termination should be in the hot 
fluid between C and D, then it became positive 
and continued so. On lowering the end into the 
cold part, the former state recurred; on raising 
it into the hot part, the wire again became pos- 
itive. The same is the case with two silver 
wires in dilute nitric acid; and though it ap- 
pears very curious that the current should in- 
crease in strength as the extent of bad conduc- 
tor increases, yet such is often the case under 
these circumstances. There can be no reason to 
doubt that the part of the wire which is in the 
hot fluid at the A side is at all times equally 
positive or nearly so; but at one time the whole 
of the current it produces is passmg through 
the entire circuit by the wire in B, and at 
other, a part, or the whole, of it is circulating 
to the cold end of its own wire, only by the 
fluid m tube A. 

> Ufwmedle, 1837, VU, 888. 


1929. Ckaning ffne wbtee. That tiiis should be 
carefully done has been already mentioned 
(1881) ; but it is especially necessary to attend 
to the very extremities of the wires, for if these 
circular spaces, which occur in the most effec- 
tive part of the circle, be left covered with the 
body produced on them in a preceding trial, 
an experimental result will often be very much 
deranged, or even entirely falsified. 

1930. Thus the best mode of experimenting 
(1915) is to heat the liquid in the limb A or B 
(PI. XIII, Fig. J?), first; and, having the wires 
well cleaned and connected, to plunge both in 
at once, and, retaining the end of the heated 
wire in the hot part of the fluid, to keep both 
wires in motion, and observe, especially, the 
first effects: then to take out the wires, reclean 
them, change them side for side and repeat the 
experiment, doing this so often as to obtain 
from the several results a decided and satis- 
factory conclusion. 

1931. It next becomes necessary to ascertain 
whether any true thermo current can be pro- 
duced by electrolytes and metals, which can 
interfere with any electro-chemical effects de- 
pendent upon the action of heat. For this pur- 
pose different combinations of electrolytes and 
metals not acted on chemically by them, were 
tried, with the following results. 

1932. Platinum and a very eirong solution of 
potassa gave, as the result of many experiment!^ 
the hot platinum positive across the electro- 
lyte to the cold platinum, producing a current 
that could deflect the galvanometer needle about 
5®, when the temperatures at the two junctures 
were 60® and 240®. Gold and the same solution 
gave a similar result. Silver and a moderately 
strong solution, of specific gravity 1070, like 
that used in the ensuing experiments (1948) 
gave the hot silver positive, but now the de- 
flection was scarcely sensible, and not more 
than 1®. Iron was tried in the same solution, 
and there was a constant current and deflec- 
tion of 50® or more, but there was also chemi- 
cal action (1948). 

1933. 1 then used solution of Ois sulphuret of 
potassium (1812). As already said, hot plati- 
num is negative in it to the cold metal (1921); 
but I do not think the action was thenno-dec- 
tric. Palladium with a weaker solution gave no 
indication of a current. 

1934. Employing dilute nitric add, oondst** 
ing of one volume strong acid and fifty volume 
water, platinum gave no certain indication: 
the hot metal was sometimes m the least de- 
gree positive, and at others an equally small 
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d^igpcee Gold in tbe same add fftT? a 

aea^y B^idble result; tiietiot metal vasui^- 
ative* Palladium was as gold. 

1935. With dilute suli^uric acid, condsting 

one by wdght of oil of vitriol and eighty of 

water, neither platinum nor gold produced any 
e^idble current to my gdvanometer by the 
mere action of heat. 

1936. MyriaUc acid and platinum being con- 
joined, and heated as before, the hot platinum 
was very slightly negative in strong acid: in 
dilute acid there was no sensible current. 

1937. Strang nitric acid at first seemed to 
give decided results. Platinum and pure strong 
nitric acid being heated at one of the junctions, 
the hot platinum became constantly negative 
across the electrolyte to the cold metal, the de- 
fiection being about 2*^. When a yellow add 
wa^used, the deflection was greater; and when 
a very orange-coloured acid was employed, the 
galvanometer needle stood at 70®, the hot plat- 
inum being still negative. This effect, however, 
is not a pure thermo current, but a peculiar re- 
sult due to the presence of nitrous acid (1848). 
It disappears almost entirely when a dilute acid 
28 used (1934) ; and what effect does remain in- 
dicates that the hot metal is negative to the cold. 

1938. Thus the potash solution seems to be 
the fluid giving the most probable indications 
of a thermo current. Yet there the deflection is 
only 5®, though the fluid, being very strong, is 
a good conductor (1819). When the fluid was 
diluted, and of specific gravity 1070, hke that 
before used (1932), the effect was only 1®, and 
cannot therefore confounded with the re- 
sults I have to quote. 

1939. The dilute sidphvric (1935) and nitric 
adds used (1934> gave only doubtful indicar 
tions in some cases of a thermo current. On 
trial it was found that the thermo current of an 
antimony-bismuth pair could not pass these 
sdutions, as arrant in these and other ex- 
pmments (1949, 1950); that, therefore, if the 
fittie current obtained in the experiment be of 
a tiiermo-electric nature, this combination of 
platinum and add is far more powerful than 
tiie. antimony-bismuth pair of Seebeck; and 
yettiiat (witii theinterptiedadd) it is scarcely 
eentdble by this deficit galvanometer. Fur- 
ther, when there is a. current, the hot metal is 
generally n^ative to the cold, and it is there- 
foiie impossible to confound these results with 
those to be described where the current has a 

In strong nitrie add, again, the hot 


. 194L If, after; I show that heat to 
metals in acids or dectrdlytes which con odoa 
them produces considerable currents, it be then 
said ^at though the metals which are inactive 
in the acids produce no thermo curients, those 
which, like copper, silver, &c., act chemically, 
may; then, 1 say, that such would be a mere 
supposition, and a supposition at variance 
with what we know, of thermo-electricity; for 
amongst the sdid conductors, metallic or non- 
metallic (1867), there are none, I believe, which 
are able to produce thermo currents witii some 
of the metals, and not with others. Further, 
these metals^ copper, silver, &c., do not always 
show effects \mich can be mistaken or pate for 
thermo-electric, for silver in hot dilute mtric 
acid is scarcely different from silver in the |ame 
acid cold (1950) ; and in other cases, agam|: the 
hot metals become negative instead of positive 
(1953). 

Cases of One Metal and One Electrolyte; One 
Junction Being Heated 

1942. The cases I have to adduce are far too 
numerous to be given in detail; I will therefore 
describe one or two, and sum up the rest as 
briefly as possible. 

1943. Iron in diluted sulphwret of potassium. 
The hot iron is well positive to the cold metal. 
The negative and cold wire continues quite 
clean, but from the hot iron a dark sulpburet 
separates which becoming diffused through the 
solution discolours it. When the cold iron is 
taken out, washed and wiped, it leaves the 
cloth clean; but that which has been heated 
leaves a black sulphuret upon the cloth when 
similarly treated. 

1944. Copper and the sulphuretted solution. 
The hot copper is well positive to the cold on 
the first immersion, but the effect quickly falls, 
from the general causes already referred to 
(1918). 

1945. Tin and solution of potassa. The hot 
tin is strongly and constantly positive to the 
cold. 

1946. Iron and dilute sulphuric add (1935). 
The hot iron was constantly positive to tl^ 
cold, 60® or more* Iron and diluted nitrie add 
gave even a still more striking result* 

I must now numerate merdy, not tiiat the 
cases to be mentioned are less (lecided tiian 
those already but to economise time. 

1947. Dilute sdution of yellow sulphurd ^ 
|wtosrium,coi)siriingQfonevolum6o£thestr0n^ 
solution (1812), and eighteen volumasnf wet^* 
Ironi silver^ copper« with tim scdutioDi 
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gave good fotftdtis. The &ot iBOtal^ivtti positive 
totheoolxL 

1^. DUvUsohdian of causHcpatasm (1032). 
Iron, copper, tin, zinc, and cadmium gave strik- 
ing results in this electrolyte. The hot metal 
was always positive to the cold. Lead produced 
the same effect, but there was a momentary 
jerk at the galvanometer at the instant of im- 
mersion, as if the hot lead was negative at that 
moment. In the case of iron it was necessary to 
continue the application of heat, and then the 
formation of oxide at it could easily be ob- 
served; the alkali gradually became turbid, for 
the protoxide first formed was dissolved, and 
becoming peroxide by degrees, was deposited, 
and rendered the liquid dull and yellow. 

1940. Dilute eulphuric add (1935). Iron, tin, 
lead, and zinc, in this electrolyte, showed the 
power of heat to produce a curreiit by exalting 
the chemical affinity, for the hot side was in 
each case positive. 

1950. Diluie nitric add is remarkable for pre- 
senting only one case of a metal hot and cold 
exhibiting a striking difference, and that metal 
is iron. With silver, copper, and zinc, the hot 
side is at the first moment positive to the cold, 
but only in the smallest degree. 

1951. Strong nitric add. Hot iron is positive 
to cold. Both in the hot and cold add the iron 
is in its peculiar state (1844, 2001). 

1952. Ditvk muriatic add: 1 volume strong 
muriatic add, and 29 volumes water. This acid 
was as remarkable for the number of cases it 
supplied as the dilute nitric acid was for the 
contrary (1950). Iron, copper, tin, lead, zinc, 
and cadmium gave active circles with it, the 
hot metal being positive to the cold; all the re- 
sults were very striking in the strength and 
permanency of the electric current produced. 

1953. Several cases occur in which the hot 
metal becomes negative instead of positive, as 
above; and the principal cause of such an effect 
I have already adverted to (1918). Thus with 
the solution of the sidphuret of potassium and 
zinc, on the first immersion of the wires into 
the hot and cold solution there was a pause, 
i*e., the galvanometer needle did not mo've at 
once, as in the former cases; afterwards a cur- 
rent gradu^y came into existence, rising in 
strength until the needle was deflected 70® or 
80®, aie hot metal being mgaJtm through the 
electrolyte to the cold metal. Cadwinm in the 
same solution gave also the first pause and 
then a ourient, the hot metal being negative; 
l>ut the isSeot was very small. Leadi hot| was 


negative^ preduihigaim fe^e eiitxenl^ 
Tin gave the same restdt, but ihs eunent was 
scarry senrible. 

1954. In dilute stdphuric add. Copper and 
zinc, after having prc^uced a first positive 
feet at the hot metal, had that reversed, and a 
feeble current was produced, the hot meisl be- 
ing negative. Cadmium gave the same phe- 
nomena, but stronger (1918). 

1955. In dilute nitric add. Lead produced no 
effect at the first moment; but afterwards an 
electric current, gradually increasmg in stirengtb, 
appeared, which was able to deflect the ne^e 
20® or more, the hot metal being negative. Cad- 
mium gave the same results as le^. Tin gave 
an uncertain result; at first the hot metal ap- 
peared to be a very little negative, it then be- 
came positive, and then again the current di- 
minished, and went down almost entirely. 

1956. 1 cannot but view in these results of 
the action of heat, the strongest proofs of the 
dependence of the electric current in vottaie 
circuits on the chemicid action of the substanew 
constituting these circuits : the results perfectly 
accord with the known influence of heat on 
chemical action. On the other hand, 1 cannot 
see how the theory of contact can take cogni- 
zance of them, except by adding new assumi^ 
tions to those already composing it (1874). 
How, for instance, can it explain the powcarful 
effects of iron in sulphuret of potassium, or in 
potassa, or in dilute nitric acid; or of tin in 
potassa or sulphuric acid; or of iron, copper, 
tin, &c., in muriatic acid; or indeed of any of 
the effects quoted? That they cannot be due to 
thermo contact has been already shown by the 
results with inactive metals (1931, 1941); and 
to these may now be added those of the active 
metals, silver and copper in dilute nitric acid, 
for heat produces scarcely a sensible effect in 
these cases. It seems to me that no other cauete 
than chemical force (a veiy sufficient one) re* 
mains, or is needed to account for them. 

1957. If it be said that, on the theory 
chemical excitem^t, the experiments prove 
either too much or not enough, that, in fa^ 
heat ought to produce the same effect witii 
the metds that are acted on by the electrolyM 
used, then, I ss^ that tiiat does not foUowi 
force and other circumstances of chendoal^e^' 
finity vaiy almost infinitely with thebodieS 'sA 
hibitingitsentkm, and the added effeot of heat 
upon ihe diemical affinity wodd, neoeasaifly, 
partake , of these variations. Che^cal action 
often goes on without any euirent bdng pro- 
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duoed; and it is well known that, in almost 
every voltaic circuit, the chemical force has to 
be considered as divided into that which is 
local and that which is current (1120). Now 
heat frequently assists the local action much, 
and, sometimes, without appearing to be ac- 
companied by any great increase in the interim 
sUy of chemical affinity; whilst at other times 
we are sure, from the chemical phenomena, that 
it does affect the intensity of the force. The 
electric current, however, is not determined by 
the amount of action which takes place, but by 
the intensity of the affinities concerned; and so 
cases may easily be produced, in which that 
metal exerting the least amount of action is 
nevertheless the positive metal in a voltaic cir- 
cuit; as with copper in weak nitric acid as- 
sociated with other copper in strong acid (1975) , 
ISr iton or silver in the same weak acid against 
copper in the strong acid (1996). Many of 
those instances where the hot side ultimately 
becomes negative, as of zinc in dilute solution 
of sulphuret of potassium (1953), or cadmium 
and lead in dilute nitric acid (1955), are of this 
nature; and yet the conditions and result are in 
perfect agreement with the chemical theory of 
voltaic excitement (1918). 

1958. The distinction between currents 
founded upon that difference of intensity which 
is due to the difference in force of the chemical 
action which is their exciting cause, is, 1 think, 
a necessary consequence of the chemical the- 
ory, and in 1834 1 adopted that opinion* (891, 
908, 916, 988). De la Rive in 1836 gave a still 
more precise enunciation of such a principle,^ 
by saying, that the intensity of currents is ex- 
actly proportional to the degree of affinity 
which reigns l)etween the particles, the com- 
l^ation or separation of which produces the 
currents. 

1959. 1 look upon the question of the origin 
of the power in the voltaic battery as abun- 
dantly decided by the experimental results not 
connected with ^e action of heat (1824, Ac.; 
1878, &c.). I further view the results with heat 
as adding very strong confirmatory evidence 
to the chemical theory ; and the numerous ques- 
tions whidi arise as to the varied results pro- 
duced, only tend to eJiow how important the 
voltaic circuit is as a means of investigation 
into the nature and principles of chemical ai- 
finity (1967). This truth has already been most 
stzikmgly illustiated by the researches of De la 
Rive n^e by means of the galvanometer, and 

tAnnale$ dt Chirniiim, LXI, p. 44, Ao. 


the investigations of my friend Professor Dan- 
iell into the real nature of acid and other com- 
pound electrolytes.* 

Cases of Two Metals and One Electrolyte; One 
Junction Being Heated 

1960. Since heat produced such striking re- 
sults with single metals, I thought it probable 
that it might be able to affect the mutual rela- 
tion of the metals in some cases, and even in- 
vert their order: on making circuits with two 
metals and electrolytes, I found the following 
cases. 

1961. In the solution of sidphuret of potas- 
siuniy hot tin is well positive to cold silvm: cold 
tin is very slightly positive to hot silver, and 
the silver then rapidly tarnishes. \ 

1962. In the solution of potassa^ cold\tin is 
fairly positive to hot lead, but hot tin feynuch 
more positive to cold lead. Also cold cadmium 
is positive to hot lead, but hot cadmium is far 
more positive to cold lead. In these cases, there- 
fore, there are great differences produced by 
heat, but the metals still keep their order. 

1963. In dilute sulphuric addf hot iron is 
well positive to cold tin, but hot tin is still more 
positive to cold iron. Hot iron is a little positive 
to cold lead, and hot lead is very positive to 
cold iron. These are cases of the actual inver- 
sion of order; and tin and lead may have their 
states reversed exactly in the same manner. 

1964. In dilute nitric add, tin and iron, and 
iron and lead may have their states reversed, 
whichever is the hot metal being rendered pos- 
itive to the other. If, when the iron is to be 
plunged into the heated side (1930) the acid is 
only moderately w^arm, it seems at first as if 
the tin would almost overpower the iron, so 
beautifully can the forces be either balanced or 
rendered predominant on either side at pleas- 
ure. Lead is positive to tin in both cases; but 
far more so when hot than when cold. 

1965. These effects show beautifully that, in 
many cases, when two different metals are 
taken, either can be made positive to the other 
at pleasure, by acting on their chemical affini- 
ties; though the contacts of the metals with 
each other (supposed to be an electromotive 
cause) remain entirely unchanged. They shew 
the effect of heat in reversing or strengthening 
the natural differences of the metals, according 
as its action is made to oppose or combine with 
their natural chemical forces, and thus add 
further confirmation to the mass of evidence 
already adduced. 

* PkU&sophieal Transoaions, 1839, p. 97. 
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1966. There are here, as in the cases of one 
meislf some instances where the heat renders 
the metal more negative than it would be if 
cold. They occur, principally, in the solution of 
sulphuret of potassium. Thus, with zinc and 
cadmium, or zinc and tin, the coldest metal is 
positive. With lead and tin, the hot tin is a 
little positive, cold tin very positive. With lead 
and zinc, hot zinc is a little positive, cold zinc 
much more so. With silver and lead, the hot 
silver is a little positive to the lead, the cold 
silver is more, and well positive. In these cases 
the current is preceded by a moment of qui- 
escence (1953), during which the chemical ac- 
tion at the hot metal reduces the efficacy of the 
electrolyte against it more than at the cold 
metal, and the latter afterwards shows its ad- 
vantage. 

1967. Before concluding these observations 
on the effects of heat, and in reference to the 
probable utility of the voltaic circuit in in- 
vestigations of the intimate nature of chemical 
affinity (1959), I will describe a result which, if 
confirmed, may lead to very important investi- 
gations. Tin and lead were conjoined and plunged 
into cold dilute sulphuric acid; the tin was pos- 
itive a little. The same acid was heated, and 
the tin and lead, having been perfectly cleaned, 
were reintroduced, then the lead was a little 
positive to the tin. So that a difference of tem- 
perature not limited to one contact, for the two 
electrolytic contacts w’^ere always at the same 
temperature, caused a difference in the rela- 
tion of these metals the one to the other. Tin 
and iron in dilute sulphuric acid appeared to 
give a similar result; i.e., in the cold acid the 
tin was always positive, but with hot acid the 
iron was sometimes positive. The effects were 
but small, and 1 had not time to enter further 
into the investigation. 

1968. 1 trust it is understood that, in every 
case, the precautions as to very careful cleans- 
ing of the wires, the places of the ends, simul- 
taneous immersion, observation of the first ef- 
fects, &c., were attended to. 

If V. The Exciting Chemical Force Affected 
hy Dilution 

1969. Another mode of affecting the chem- 
cal affinity of these elements of voltaic circuits, 
the metals and adds, and also applicable to the 
cases of such circuits, is to vary the proportion 
of water present. Such variation is known, by 
the simplest chemical experiments, to affect 
very importantly tiie resulting action, andt 


upon the cbenncal theory, it was natural to 
expect that it would also produce some corre- 
sponding change in the voltaic pile. Tlie effecta 
observed by Avogadro and Oersted in 1823 are 
in accordance with such an expectation, for 
they found that when the same pair of metals 
was plunged in succession into a strong and a 
dilute acid, in certain cases an inversion of the 
current took place.^ In 1828 De la Rive carried 
these and similar cases much further, especially 
in voltaic combinations of copper and iron with 
lead.* In 1827 Becquerel® experimented with 
one metal, copper, plunged at its two extremi- 
ties into a solution of the same substance (salt) 
of different strengths; and in 1828 De la Rive^ 
made many such experiments with one metal 
and a fluid in different states of dilution, which 
I think of very great importance. 

1970. The argument derivable from effects 
of this kind appeared to me so strong that I 
worked out the facts to some extent, and think 
the general results w*ell worthy of statement. 
Dilution is the circumstance which most gen- 
erally exalts the existing action, but how such 
a circumstance should increase the electromo- 
tive force of mere contact did not seem evident 
to me, without assuming, as before (1874), ex- 
actly those influences at the points of contact 
in the various cases, which the prior results, 
ascertained by experiments, would require. 

1971. The form of apparatus used was the 
bent tube already described (1915) (PI. XIII, 
Fig, 1), The precautions before directed witix 
the wires, tube, &c., were here likewise need- 
ful. But there were others also requisite, conse- 
quent upon the current produced by combinar 
tion of water with acid, an effect which has 
been described long since by Becquerel,* but 
whose influence in the present researches re- 
quires explanation. 

1972. PI. XIII, Figs, 8 and 4 represmit the 
two arrangements of fluids used, the part be- 
low m in the tubes being strong acid, and that 
above diluted. If the fluid was nitric acid and 
the platinum wires as in the figures, drawing 
the end of the wire D upwards above m, or dch 
pressing it from above m downwards, caused 
great changes at the galvanometer; but if they 
were pres^ved quiet at any place, th^ tto 
electro-current ceased, or very nearly so. When- 
ever the current existed it was from the weak 
to the strong acid through the liquid* 

I Annates de Chxmie, 1823, XXII, p. SOL 

iiWd.. 1828, XXXVII, p. 234. 

• Ibid,, 1827, XXXV, p. 120. 

4 Ibid,, 1828, XXXVII, p. 240, 241. 

• TfcM de VElecHeiUt li, p. ^ 
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1073. Whm the tabe was anwged, as m 
t'ig. $, with water or dUute add oh one side 
only, and the wires were immersed not more 
ibm one third of an mch^ the effects were 
l^eatly diminished; and more especially, if, by 
a little motion with a platinum wire, the acids 
had been mixed at m, so that the transition 
frmn weak to strong was gradual instead of 
Sudden. In such cases, even when the wir^ 
Were moved, horizontally, in the acid, the ef- 
fect was so small as to be scarcely sensible, and 
not likely to be confounded with the chemical 
effects to be described hereafter. Still more 
surely to avoid such interference, an acid mod- 
erately diluted was used instead of water. The 
precaution was taken of empt 3 ring, washing, 
and re-arranging the tubes with fresh acid after 
each experiment, lest any of the metal dis- 
solved jn. one experiment should interfere with 
Ihe results of the next. 

1974. I occasionally used the tube with di- 
lute acid on one side only, (PI. XIII Fig, 3,) and 
sometimes that with dilute acid on both sides. 
Fig. 4. 1 will call the first No. 1 and the second 
No. 2. 

1975* In illustration of the general results I 
will describe a particular case. £mplo 3 ring tube 
No. 1 with strong and dilute nitric acid,^ and 
two copper wires, the wire in the dilute acid 
was powerfully positive to the one in the strong 
acid at the first moment, and continued so. By 
using tubeNo.2the galvanometer-needle could 
be held stifSy in either direction, simply by 
mmultaneously raising one wire and depressing 
the other, so that the first shouid be in weak 
and the second in strong acid; the former was 
always the positive piece of metal. 

^ ^ 1976. On repeating the experiments with the 
substitution of platinum, gold, or even pallar 
diiM for the copper, scarcely a sensible effect 
was produced (1973). 

, 1077w Str(mg and dilute fdtric acid.^ Ihe fol- 
lOWiugsinglemetals being compared with them- 
selves in these acids, gave most powerful re- 
state of kind just described with copper 
(1075); ffllver, iron, Ic^d, tin, cadmium, zinc. 
Ibe metal in the weaker acid was positive to 
that in the stronger. iBilver is very changeaUe, 
and after scnne time the current is often sud- 
deriy reversed, Ihe metal in the strong acid be* 
coming positive: this agmh will change back, 
metal in the weaker add returning to its 
state. With f% cadmium, and zinc, 

t/Hie dilute add eonaieied of three vohimes of 
etemg nitric add and two vohmieB of water. 


vident action in tiie acid Quickly sfipervcnes 
and mixes all up together. Iron and lead show 
the alternations of state in the tube No. 2 as 
beautifully as copper (1975). 

1978. Strang and dilute suJpkisric add. 1 pre- 
pared an acid of 49 by weight, strong oil of 
vitriol, and 9 of water, giving a sulphuric add 
with two proportions of water, and arranged 
the tube No.l (1974) with this and the strong- 
est acid. But as this degree of dilution produced 
very little effect with the iron, as compared 
with what a much greater dilution effected, I 
adopted the plan of putting strong acid into 
the tube, and theQ adding a little water at t|ie 
top at one of tlie^ides, with the precaution jbf 
stirring and cooling it previous te the expei(^ 
ment (1973). 

1979. With iron, the part of the metal in the 
weaker acid was powerfully positive to that in 
the stronger acid. With copper, the same re- 
sult, as to direction of the current, was pro- 
duced; but the amount of the effect was small. 
With silver, cadmium, and zinc, the difference 
was either very small or unsteady, or nothing; 
so that, in comparison with the former cases, 
the electromotive action of the strong and weak 
acid appeared balanced. With lead and tin, the 
part of the metal in the strong acid was 'positive 
to that in the weak acid; so that they present 
an effect the reverse of that produced by iron 
or copper. 

1980. Strong and dilute muriatic add. 1 used 
the strongest pure muriatic acid in tube No. 1, 
and added water on the top of one side for the 
dilute extremity (1973), stirring it a little as 
before. With silver, copper, lead, tin, cadmium, 
and zinc, the metal in the strongest add was 
positive, and the current in most cases power- 
ful. With iron, the end in the strongest acid 
was first positive: but shortly after the weak 
acid side became positive and continued so. 
With palladium, gold, and platinum, nearly in- 
sensible effects were the results. 

1981. Strong and dilvjte solution of caustic 
potassa. With iron, copper, lead, tin, cadmium^ 
and zinc, the metal in the strong solution was 
positive: in the case of iron slightly, in the case 
of coppermorepo^erfully, deflecting theneedle 
30'’ or 38^ and in the cases of the other metals 
very stroxi^y . Silveil*, palladium^ gold, and plat- 
inum, gave the merest indications (1073). 

Thus potash and muriatic acid are, in sev^ 
era! respeets, contrasted with nitiio and sul** 
phuric acids. As respects muriatic add, how- 
ev^, and periiaps even the potash, it be 
admitted tl^t, even in their 
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am nnA tiMy oomjiaiimble to the vmy 
strong nitric and sulphiuic ad^ but rather to 
tiiose acids when somewhat diluted (1^85)* 

1982. 1 know it may be said in reference to 
the numerous changes with strong and dilute 
acids, that tibe results are the consequence of 
corresponding alterations in the contact force; 
but this is to change about the theory with the 
phenomenaand withchemicalforce(1874, 1956, 
1986, 2006, 2014, 2063); or it may be alleged 
that it is the contact force of the solutions pro- 
duced at the metallic surfaces which, differing, 
causes difference of effect; but this is to put 
the effect before the cause in the order of time. 
If the liberty of shifting the point of efficacy 
from metals to fluids, or from one place to an- 
other, be claimed, it is at all events quite time 
that some definite statement and data respect- 
ing the active points (1808) should be given. 
At present it is difficult to lay hold of the con- 
tact theory by any argument derived from ex- 
periment, because of these uncertainties or vari- 
ations, and it is in that respect in singular con- 
trast with the definite expression as to the place 
of action which the chemical theory supplies. 

1983. All the variations which have been 
given are consistent with the extreme variety 
which chemical action under different circum- 
stances possesses, but, as it still appears to me, 
are utterly incompatible with, what should be, 
the simplicity of mere contact action; further 
they admit of even greater variation, which 
renders the reasons for the one view and against 
the other, still more conclusive. 

1984. Thus if a contact philosopher say that 
it is only the very strongest acids that can ren- 
der the part of the metals in it negative, and 
therefore the effect does not happen with mu- 
riatic acid or potash (1980, 1981), though it 
does with nitric and sulphuric acids (1977, 
1978); then, the following I’esult is an answer 
to such an assumption. Iron in diltde nitric 
addf consisting of one volume of strong acid 
and twenty of water, is positive to iron in 
strong acid, or in a mixture of one volume of 
strong acid with one of water, or wit^ three, 
even with five volumes of water. Silver also, in 
the weakest of these acids, is positive to silver 
in any of tiie other four stetes of it. 

1986. Or if, modifying the statement u|^n 
these results, it diould be said that diluth^ 
the add at one contact tends to gi ve it 

a certain pr(>p(n1ianak electromotive force, ud 
therefore dihidi^^pneeKie more than ihe other 
wiU siiow foaree to come into play; 


then, how is it tiwt with muriatic add and 
potassa the effect of dfintion is the reverse of 
that vdneh has been quoted in the oases wi& 
nitric add and iron or diver (1977, 1984)? Or 
if, to avoid difficulty, it be assumed that each 
electrolyte must be oonddeied apart, the nitiie 
acid by itself, and the muriatio acid by itself, 
for that one may differ from another in the 
direction of the change induced by dilution, 
then how can the following results with a single 
acid be accounted for? 

1986. 1 prepared four nitric acids: 

A was very strong pure nitric acid; 

B was one volume of A and one volume of water; 
0 was one volume of A and three volumes of 

water; 

D was one volume of A and twenty volumes of 

water. 

Experimenting with these acids and a metd, I 
found that copper in C acid was podtive to 
copper in A or D acid. Nor was it ihe first addi- 
tion of water to the strong acid that brought 
about this curious relation, for coppeorin the B 
acid was positive to copper in the strong acid 
A, but negative to the copper in the weak add 
D: the negative effect of the stronger nitric 
acid with this metal does not therefore depend 
upon a very high degi*ee of concentration. 

1987. Lead presents the same beautiful phe- 
nomena. In the C acid it is positive to lead 
either in A or D acid: in B acid it is positive to 
lead in the strongest, and negative to lead in 
the weakest acid. 

1988. 1 prepared also three sulphuric adds: 

E was strong oil of vitriol; 

F one volume of E and two volumes of water; 

G one volume of E and twenty volumes of water. 

Lead in F was well negative to lead either inJB 
or G. Copper in F was also negative to copper 
in E or G, but in a smaller degree. So here are 
two eases in which metals in an acid of a cer- 
tain strength are negative to the same metab in 
the same acid, eitlmr stronger or weaken I 
used platinum wires ultimately in all these 
cases wit^ the saime adds to check the inters 
ference of the combinatioD of acid and water 
(1973); but the results were then almost noth* 
ing, and showed that the phenomena could not 
be so accounted for. r, 

1989. To tmAer this complexity for 
tact theory still more complicated, wa wio 
fuxtiier variations, in which, with the 
add strong and diluted, some metab are posi- 
tive in the strong acid and o&m in the weak. 
Thus, tan hi the strongest sulphuric add E 
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(108S) was pomtive to tin m tiie moderate or 
weak aoks F and Q; and tin in the mod-^ 
erate acid F was positive to the same metal in 
G. linn, on the contrary, being in the strong 
acid' E was ne^tive to the weaker acids F and 
O; and iron in the medium acid F was negative 
to the same metal in G. 

1990. For the purpose of understanding more 
distinctly what the contact theory has to do 
here, I will illustrate the case by a diagram. 
Let PL XIII, Fig, 5 represent a circle of metal 
and sulphuric acid. If A be an arc of iron or 
copper, and B C strong oil of vitriol, there will 
be no determinate current: or if B C be weak 
acid, there will be no such current: but let it be 
strong acid at B, and diluted at C, and an elec- 
tric current will run round A C B. If the metal 
A be silver, it is equally indifferent with the 

/Strong and also with the weak acid, as iron has 
been found to be as to the production of a cur- 
rent; but, besides that, it is indifferent with the 
strong acid at B and the weak acid at C. Now 
if the dilution of the electrolyte at one part, as 
C, had so far increased the contact electromo- 
tive force there, when iron or copper was pres- 
ent, as to produce the current found by experi- 
ment; surely it ought (consistently with any 
reasonable limitations of the assumptions in 
the contact theory) to have produced the same 
effect with silver: but there was none. Making 
the metal A lead or tin, the difficulty becomes 
far greater; for though with the strong or the 
weak acid alone any effect of a determinate 
current is nothing, yet one occurs upon dilu- 
tion at C, but now dilution must be supposed 
to weaken instead of strengthlen the contact 
force, for the current is in the reverse direction. 

1991. Neither can these successive changes 
be referred to a gradual progression in the ef- 
fect of dilution, dependent upon the order of 
the TmiaU, For supposing dilution more favour- 
able to the electromotive force of the contact 
of an acid and a metal, in proportkm as the 
metals were in a certain order, as for instance 
that of their efficacy in the voltaic battery; 
tiiough such an assumption might seem to ac- 
count for the gradual diminution of effect from 
iron to copper, and from copper to silver, one 
wmdd not expect tiie reverse effects, or those 
on tile other side of sero, to appear by a return 
back to such metals as lead and tin (1979, 
1989), but rather look for them in platinum or 
gold, which, however, produce no results of the 
Jdnd (1976, 1988). To mcrease still further this 
eamptexity, it appears, from what has been be- 
loiwetaM, that on chasing the the 


SsmiiOB XVIX 

der must again be changed (1981) ; nay, more, 
tiiat with the same acid, and merdy by chang- 
ing the proportion of dilution, such alteration 
of the order must take place (1986, 1988). 

1992. Thus it appears, as before remarked 
(1982), that to apply the theory of contact 
dectromotive force to the facts, that theory 
must twist and bend about with every varia- 
tion of chemical action; and aft^ all, with 
every variety of contact, active and inactive, 
in no case presents phenomena independent of 
the active exertion of chemical force. 

1993. As the influence of dilution and con- 
centration was so strong in affecting the r^a- 
tion of different parts of the same metal td an 
acid, making one part either positive or nega- 
tive to another, I thought it probable that, py 
mere variation in the strength of the int^- 
posed electrolyte, the order of metals when in 
acids or other solutions of uniform strength, 
might be changed. I therefore proceeded to ex- 
periment on that point, by combining together 
two metals, tin and lead, through the galva- 
nometer (1915) ; arranging the electrolytic solu- 
tion in tube No. 1, strong on one side and weak 
on the other: immersing the wires simultane- 
ously, tin into the strong, and lead into the 
weak solution, and after observing the effect, 
re-cleaning the wires, re-arranging the fluid, 
and re-immersing the wires, the tin into the 
weak, and the lead into the strong portion. De 
la Rive has already stated^ that inversions take 
place when dilute and strong sulphuric acid is 
used; these I could not obtain when care was 
taken to avoid the effect of the investing fluid 
(1918) : the general statement is correct, how- 
ever, when applied to another acid, and I think 
the evidence very important to the considera- 
tion of the great question of contact or chemi- 
cal action. 

1994. Tipo metdU in strong and weak soltdion 
of potash. Zinc was positive to tin, cadmium, 
or lead, whether in the weak or strong solution. 
Tin was positive to cadmium, either in weak or 
strong alkali. Cadmium was positive to lead 
both ways, but most when in the strong alkali. 
Thus, though there were differences in degree 
dependent on the strength of the solution, there 
was no inversion of the order of the metois. 

1995. Two meUds in strong andweak stdphurk 
add. Cadmium was positive to iron and tin 
both ways: tin was also positive to iron, cop- 
per, and silver; and iron was positive to copper 
and silver, whicbever side the respective met* 
als were in. Thus none of tte metals tried 
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could be mftde to pass the others, and so take a 
diffesrent order from that which they have in 
add unifonn in strength. Still there were great 
variations in degree; thus iron in strong acid was 
only a little positive to silver in weak acid, but 
iron in weak acid was very positive to silver in 
strong acid. Generally the metal, usually called 
positive, was most positive in the weak add; 
but that was not the case with lead, tin, and dnc. 

1096. Two metaU in etrong and weak nitric 
acid* Here the degree of change produced by 
difference in the strength of the acid was so 
great, as to cause not merely difference in de- 
gree, but inversions of the order of the metals, 
of the most striking nature. Thus iron and 
silver being in tube No. 2 (1974), whichever 
metal was in the weak add was positive to the 
other in the strong acid. It was merely requisite 
to raise the one and lower the other metal to 
make either positive at pleasure (1975). Cop- 
per in weak acid was positive to silver, lead, or 
tin, in strong acid. Iron in weak acid was posi- 
tive to silver, copper, lead, zinc, or tin, in strong 
acid. Lead in weak acid was positive to copper, 
silver, tin, cadmium, zinc, and iron in strong 
acid. Silver in weak acid was positive to iron, 
lead, copper, and, though slightly, even to tin, 
in strong acid. Tin in weak acid was positive to 
copper, lead, iron, zinc, and silver, and either 
neutral or a little positive to cadmium in strong 
acid. Cadmium in weak acid is very positive, 
as might be expected, to silver, copper, lead, 
iron, and tin, and, moderately so, to zinc in the 
strong acid. When cadmium is in the strong 
acid it is slightly positive to silver, copper, and 
iron, in weak acid. Zinc in weak acid is very 
positive to silver, copper, lead, iron, tin, and 
cadmium in strong acid: when in the strong 
acid it is a little positive to silver and copper in 
weak acid. 

1997. Thus wonderful changes occur amongst 
the metals in circuits containing this acid, mm^y 
by the effect of dilution; so that of thefivemet^ 
als, silver, copper, iron, lead, and tin, any one 
of them can be made either positive or nega- 
tive to any other, with the exception of silver 
positive to copper. The order of these five 
metals only may therefore be varied about one 
hundred different ways in the same acid, merely 
by the effect of dilution. 

1998. So also zinc, tin, cadmium, and lead; 
and likewise zinc, tin, iron, and lead, beang 
groups each of four metals; any one of these 
metals may be made either positive or negative 
to any other metal of tihiB same group^ by cau- 
tion of this acid. 


873 

1999. But the case of variation by dilution 
may, as regards the opposed theories, be made 
even still stronger than any yet stated; for the 
same metals in the same acid of the same strength 
ai the two sides may be made to change their 
order, as the chemical action of the add on 
each particular metal is affected, by dilution, 
in a smaller or greater degree. 

2000. A voltaic association of iron and silver 
was dipped, both metals at once, into the same 
strong nitric acid ; for the first instant, the iron 
was positive; the moment after, the silver be^ 
came poritive, and continued so. A similar as- 
sociation of iron and silver was put into weak 
nitric acid, and the iron was immediately posi- 
tive, and continued so. With iron and copper 
the same results were obtained. 

2001. These, therefore, are finally cases of 
such an inversion (1999) ; but as the iron in the 
strong nitric acid acquires a state the moment 
after its immersion, which is probably not as- 
sumed by it in the weak acid (1843, 1951, 
2033), and as the action on the iron in its or- 
dinary state may be said to be, to render it 
positive to the silver or copper, both in the 
strong or weak acid, we will not endeavour to 
force the fact, but look to other metals. 

2002. Silver and nickel being associated in 
weak nitric acid, the nickel was positive; being 
associated in strong nitric acid, the niclml was 
still positive at the first moment, but the silver 
was finally positive. The nickel lost its supe- 
riority through the influence of an investing 
film (1918) ; and though the effect might easily 
pass unobserved, the case cannot be allowed to 
stand, as fulfilling the statement made (1999). 

2003. Copper and nickel were put into strong 
nitric acid; the copper was positive from the 
first moment. Copper and nickel being in dilute 
nitric acid, the nickel was slightly but clearly 
positive to the copper. Again, zinc and cadmium 
in strong nitric add ; the cadmium was positive 
strongly to the zinc; the same metals bdng in 
dilute nitric acid, the zinc was very positive to 
the cadmium. These 1 consider bi^utiful and 
unexceptionable cases (1999). 

2004. Thifis the nitric acid furnishes a most 
wond^ful variety of ^cts when used as the 
electrolytic conductor in voltaic circles; and its 
difference from sulphuric acid (1995) or from 
potassa (1994) in the phenomena consequent 
upem dilution, tend, in conjunction witih nmny 
preceding fasts and arguments, to diow tixat 
the eleotonnotiva force in a dicle is not tibe 
conseqnenoe of any power in bocties genmily « 
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b4M#Bg to i<ifem in dtaeB rallieir tiuua M ID- 
dividualfi/ wd having that simplicity of char* 
aciter whJdi contact force has Imn assumed to 
have;^ but one that has all the variations which 
ehehdeal force is known to exhibit. 

2005. The changes occurring where any one 
of four or five metds^ differing from each other 
ae far as silver and tin, can be made positive or 
ik^tive to the others (1997, 1998), appears to 
me to shut out the probability that the con* 
tact of these metals with each other can pro- 
duce the smallest portion of the effect in these 
voltaic arrangements; and then, if not there, 
neither can they be effective in any other ar- 
rangements; so that what has been deduced in 
timt respect from former experiments (1829, 
1833) is confirmed by the present. 

2006. Or if the scene be shifted, and it be 
• smd^tiiat it is the caniact of the acids or solu- 
tions which, by dilution at one side, produce 
these vaiied changes (1874, 1982, 1991, 2014, 
2060), then how vUerly unlike such contact 
must be to that of the numerous class of con- 
ducting solid bodies (1809, 1867)! And, where, 
to give the assumption any show of support, is 
the case of such contact (apart from chemical 
action) producing such currents? 

2007. That it cannot be an alteration of con- 
tact force by mere dilution at one side (2006) 
is also shown by making such a change, but 
usmg metals that are chemically inactive in 
the electrolyte employed. Thus when nitric or 
sulphuric adds were diluted at one side, and 
then the strong and the weak parts connected 
by platinum or gold (1976), there was no sen- 
sibte current, or only one so small as to be un- 
importaht. 

.2008. A still stronger proof is afforded by the 
following result. I arranged the tube (PL XllI, 
#%. 5) (1972), with strong solution of yellow 
sidphuret of potassium (1812) from A to m, 
md a solution consisting of one volume of the 
strong solution, with six of water from m to B. 
Tim extremiities were then connected by plati- 
num and’ iron in varimis ways; and when the 
first effect of immerdon was guarded against, 
including the first brief negative state of the 
iron (2049)^ tiie effects were as follows. Plati- 
num being in A and in B, that in A, or tiie 
strongsolutton, was very sli^tiy positive, cans* 
mg a permanent defleetion of Iron being in 

Ami in B, the same residt was obtained. Iron 
in A .and platiimm ia B, the ircm was 
ipMtive ab^t y to the i^tinum. Platinum 
Ami iron inB,1he|datinam Was now 
the iron bgrnboi^ So that not 


onlytheeontactoi^theironiiiidi^^^ 
for nothing, but thecontact of strong and weah 
solution of this electrolyte with either iron or 
platinum, is ineffectual in produdng a current. 
The current which is constant is very feeble, 
and evidently related to the mutual position of 
the strong and weak solutions, and is probably 
due to their gradual mixture. 

2009. The results obtained by dilution of an 
electrolyte capable of acting on the metals em- 
ployed to form with it a voltaic circuit, may in 
some cases depend on making the acid a better 
electrolyte. It would appear, and would be ex- 
pected from the- chemical theory, that what- 
ever circumstance tends to make the fium a 
more powerful chemical agent and a bei|jker 
electrolyte (the latter being a relation pui^y 
chemical and not one of contact) favours the 
production of a determinate current. What- 
ever the cause of the effect of dilution may be, 
the results still tend to show how valuable the 
voltaic circle will become as an investigator of 
the nature of chemical afiinity (1959). 

^vi. Differences in the Order of the Metallic 
Elements of Voltaic Circles 

2010. Another class of experimental argu- 
ments, bearing upon the great question of the 
origin of force in the voltaic battery, is sup- 
pli^ by a consideration of the different order 
in which the metals appear as electromotors 
when associated with different exciting electro- 
lytes. The metals are usually arranged in a 
certain order; and it has been the habit to say 
that a metal in the list so arranged is negative 
to any one above it, and positive to any one be- 
neath it, as if (and indeed upon the conviction 
that) they possessed a certain direct power one 
with another. But in 1812 Davy showed inver- 
sions of this order in the case of iron and cop- 
per^ (943); and in 1828 De la Rive showed 
many inversions in different cases* (1877) ; gave 
a strong contrast in the order of certain metals 
in strong and dilute nitric acid;* and in object- 
ing to Marianini’s result most clearly^ says, 
tiiat any order must be considered in relation 
only to that liquid employed in the experi- 
ments from which the order is derived.^ 

2011. 1 have pursued tins subject in rdation 
to several solutions, taking the precautions be- 
fore referred to (1217, Ac.), and find that no 
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md UU 111 & in atrm^s nitric ndd^^ii is 
positive to antimony and l^miith dn 
nitric acid; it is positive to antimony and nega- 
tive to bismuth in strong muriatic acid; It is 
positive to antimony and bismuth in dilute 
sulphuric acid; it is negative to bismulb and 
antimony in potash; and it is very negative to 
bismuth and antimony, either in colourless 
or the yellow solution of sulphuret of potas- 
sium. 

2012. Ih further illustration of this subject I 
will take ten metals, and give their order in 
seven different solutions. 


1892, 2006, 2063), Imd yet nevi^ 

ease of the production of a current by oontad* 

alone, Le., unaccompanied by chemical action. 

2015. On the other hand, how simply does 
the chemical theory of exritement of the cu^ 
rent represent the facts! as far as we can yet 
follow them they go hand in hand. Without 
chemical action, no current; with the changes 
of chemical action, changes of current; wMlst 
the influence of the strongest cases of confod, 
as of silver and tin (1997) with each other, pass 
for nothing in the result. In further confinnar 
tion, the exciting power does not rise, but fidls, 


DUute 

nitric 

add 

Dilute 

sulphuric 

acid 

Muriatic 

acid 

Strong 

nitric 

acid 

Solution 
of caustic 
potassa 

Colourless hi- 
hydrosulphuret 
of potassium 

Yellow 

hydrosulphuret 
of potassium' 

1. Silver 

1. Silver 

3. Antimony 

5. Nickel 

1. Silver 

6. Iron 

6. Iron 

2. Copper 

2. Copper 

1. Silver 

1. Silver 

6. Nickel 

5. Nickel 

5. Nickel 

3* Antimony 

3. Antimony 

6. Nickel 

3. Antimony 

2. Copper 

4. Bismuth 

4. Bismutii 

4. Bismuth 

4. Bismuth 

4. Bismuth 

2. Copper 

6. Iron 

8. Lead 

8. Antiinfiay 

6. Nickel 

6. Nickel 

2. Copper 

4. Bismuth 

4. Bismuth 

1. Silver 

8. Lead 

6. Iron 

6. Iron 

6. Iron 

6. Iron 

8. Lead 

3. Antimony 

1. Silver 

7. Tin 

8. Lead 

8. Lead 

7. Tin 

3. Antimony 

7. Tin 

7. Tin 

8. Lead 

7. Tin 

7. Tin 

8. Lead 

9. Cadmium 

2. Copper 

9. Cadnnuih 

9. Cadmium 

9. Cadmium 

9. Cadmium 

10. Zinc 

7. Tin 

10. Zinc 

2. Copper , 

10. Zinc 

10. Zinc 

10. Zinc 

9. Cadmium 

10. Zinc 

9. Cadmium 

10. Zinc 


2013. The dilute nitric acid consisted of one 
volume strong acid and seven volumes of water ; 
the dilute sulphuric acid, of one volume strong 
acid and thirteen of water; the muriatic acid, 
of one volume strong solution and one volume 
water. The strong nitric acid was pure, and of 
specific gravity 1.48. Both strong and weak 
solution of potassa gave the same order. The 
yellow sulphuret of potassium consisted of one 
volume of strong solution (1812) and five vol- 
umes of water. The metals are numbered in the 
order which they presented in the dilute acids 
(the negative above), for the purpose of show- 
ing, by the comparison of these numbers in the 
other columns, the striking depmtures there, 
from this, the most generally assumed order. 
Iron is induded, but only in its ordinary state: 
its place in nitric acid being given as that which 
it possesses on its first immerrion, not that 
which it afterwards acquires. 

2014. The displacements appear to be most 

extraordinary, as extraordiji^ es those con- 
sequent on dilution (2005) ; and thus show that 
there is no general ruling infiuenee of fluid con- 
ductors, or even of acids, alkalies, &c., as dis- 
tinct classes of such conductors, a.part from 
their chemical relations. But how can the 

contact theory account for these results? To 
meet such it must be bent about in the 
most extraotdhiery manner, the 

contortions of the string facts (li^4 


by the contact of the bodies produced, as the 
chemical actions producing these decay or are 
exhausted; the consequent result being wdl 
seen in the effect of the investing flui(ite pro- 
duced (1918, 1953, 1966). 

2016. Thus, as De la Rive has said, any list 
of metals in their order should be constructed 
in reference to the exciting fluid selected. Fur- 
ther, a zero point should be expressed in the 
series; for as the electromotive power may be 
either at the anode or cathode (2040, 2052), or 
jointly at both, that substance (if there be one) 
which is absolutely without any exciting ac- 
tion should form the zero point. The following 
may be given, by way of illustration, as the or- 
der of a few metals, and other substances in 
relation to muriatic acid: 

Peroxide of leadt 
Peroxide of manganese^ 

Oxide of iron, 

Plumbaoo, 

Rhodium, 

Platinum, 

Gold, 

Antimony, 

Silver, / . 

, C30PP«, ' 

Zbo: ‘ 

m idumbago is the ^eutnl 

th<)^ in italics are active .irt the ca0uiwie^ and 

tihoee m EoinaachaiiaeteiB at. the aaode^ 
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upper m of oourse negative to the lower. To 
ii^eauch lists as complete as they will shmUy 
require to be, numbers expressive of the rela* 
tive exciting force, counting from the zero point, 
should be attach^ to each substance. 

^ vii. Active VoUaic Circlee and Batteries 
withoiU MetaUic Contact 

2017. There are cases in abundance of elec- 
tric currents produced by pure chemical ac- 
tion, but not one undoubt^ instance of the 
production of a current by pure contact. As I 
conceive the great question must now be settled 
by the weight of evidence, rather than by sim- 
ple philosophic conclusions (1799), I propose 
adding a few observations and facts to show 
the number of these cases, and their force. In 
the Eighth Series of these Researches^ (April, 
18d4) I gave the first experiment, that I am 
aware of, in which chemical action was made 
to produce an electric current and chemical de- 
composition at a distance, in a simple circuit, 
without any contact of metals (880, &c.). It 
was further shown, that when a pair of zinc 
and platinum plates were excited at one end of 
the dilute nitrosulphuric acid (880), or solu- 
tion of potash (884), or even in some cases a 
solution of common salt (885), decompositions 
i PhMosophieeil Transactionat 1834, p. 426. 
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xnight be pi^uced at the other end, of s([da- 
tioQS of iodide of potassium (900), protochlo- 
ride of tin (901), sulphate of soda, muriatic 
acid, and nitrate of silver (906) ; or of the follow- 
ing bodies in a state of fusion; nitre, chlorides 
of silver and lead, and iodide of lead (902, 906) ; 
no metallic contact being allowed in any of the 
experiments. 

2018. 1 will proceed to mention new cases; 

and first, those already referred to, where the 
action of a little dilute acid produced a current 
passing through the solution of the sulphuret 
of potassium (1831), or green nitrous acid (1844), 
or the solution of potassa (1854); for herd no 
metallic contact was allowed, and chemical ac- 
tion was the evident and only cause of the ^r- 
rents produced. \ 

2019. The following is a table of cases of sim- 
ilar excitement and voltaic action, produced 
by chemical action without metallic contact. 
Each horizontal line contains the four sub- 
stances forming a circuit, and they are so ar- 
ranged as to give the direction of the current, 
which was in all cases from left to right through 
the bodies as they now stand. All the com- 
binations set down were able to effect decom- 
position, and they are but a few of those 
which occurred in the course of the investiga- 
tion. 
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2020. 

Iron 

Dilute nitric acid 

Platinum 

Sulph. of potassium (1812) 

Full current 

Iron 

Dilute nitric acid 

Platinum 

Bed nitric acid 

Full current 

Iron 

Dilute nitric acid 

Platinum 

Pale nitric acid, strong 

Good 

Iron 

Dilute nitric acid 

Platinum 

Green nitrous acid 

Very powerful 

Iron 

Dilute nitric acid 

Platinum 

Iodide of potassium 

Full current 

Iron 

Dilute sulphuric acid 

Platinum 

Sulphuret of potassium 

Full 

Ir<»i 

Dilute sulphuric acid 

Piatintun 

Red nitric acid 

Good 

Iron 

Muriatic acid 

Platinum 

Green nitrous acid 

Most powerful 

Iron 

Dilute muriatic acid 

Platinum 

Red nitric acid 

Good 

iron 

Dilute muriatic acid 

Platinum 

Sulphuret of potassium 

Good 

Iron 

Solution of salt 

Platinum 

Green nitrous add 

Most powerful 

Iron 

Common water 

Platinum 

Green nitrous acid 

Good 

Zino 

Dilute nitric acid 

Platinum 

Iodide of potassium 

Good 

Zinc 

Muriatic acid 

Platinum 

Iodide of potassium 

Good 

Cadmium 

Dilute nitric add 

Platinum 

Iodide of potassium 

Good 

Cadmium 

Muriatic add 

Platinum 

Iodide of potassium 

Good 

Lead 

Dilute nitric add 

Platinum 

Iodide of potassium 

Good 

Lead 

Muriatic acid 

Platinum 

Iodide of potassium 

Good 

Copper 

Dilute nitric add 

Platinum 

Iodide of potassium 


Copper 

Muriatic add 

Platinum 

Iodide of potassium 


Lead 

Strong sulphuric add 

Iron 

Dilute sulphuric add 

Strong 

Tin 

Strong splphuric acid 

Iron 

Dilute sulphuric add 

Strong 

Copper 

Sulphuret of potaesium 

Iron 

Dilute nitric add 

Poweriul 

Copper 

Sulphuret of potassium 

Iron 

Iodide of potassium 


Copper 

Strong nitric add 

Iron 

Dilute nitric add 

Very powerful 

Copper 

Strong nitric acid 

Iron 

Iodide of potassium 


.. Silver , ^ 

Strong nitric add 

Iron 

Dilute nitric add 

Strong 

Silver 

Strong nitric add 

Iron 

Iodide of potassium 

Good 

r-iBaver 

Sulphuret of potassium 

Iron 

Dilute nitrio add 

Strong 


Str^ sylphurio add 

Copper 

Diluteeulj^uric add 
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2021. It appears to me probable that any acid (1979, &e.). Such an arrangement wH 


one of the very numerous combinations irhidh 
can be made out of the following table, by 
taking one substance from each column and 
arranging them in the order in which the col- 
umns stand, would produce a current without 
metallic contact, and that some of these cur- 
rents would be very powerful. 


Rhodium 

fi 

Dilute nitric acid 

Gold 


, Dilute sulphuric acid 

Platinum 


Muriatic acid 

PalladiumI 

-g Iron 

Solution of vegetable acids 

Silver 

§5 

Iodide of potassium 

Nickel 

80 A. 

a "3 

Iodide of zinc 

Copper 

s 

rSolution of salt 

Lead 

ll« 

Many metallic solutions 

Tin 

lli 


Zinc 

ill 


Cadmium 




2022. To these cases must be added the many 
in which one metal in a uniform acid gave cur- 
rents when one side was heated (1942, &c.). 
Also those in which one metal with an acid 
strong and diluted gave a current (1977, &c.). 

20^. In the cases where by dilution of the 
acid one metal can be made either positive or 
negative to another (1996, &c.), one half of the 
results should be added to the above, except 
that they are too strong; for instead of proving 
that chemical action can produce a current 
without contact, they go to the extent of show- 
ing a total disregard of it, and production of 
the current against the force of contact, as 
easily as with it. 

2024. That it is easy to construct batteries 
without metallic contact was shown Sir 
Humphry Davy in 1801, ‘ when he described 
various festive arrangements including only 
one metal . At a later period Zamboni constructed 
a pile in which but one metal and one Quid was 
used,® the only difference being extent of con- 
tact at the two surfaces. The following forms, 
which are dependent upon the mere ^ect of 
dilution, may be added to these. 

2026. Let a 6, ab,ab (PL XIII, Fig. 6?), repre- 
sent tubes or other vessels, the parts at a c(m- 
taining strong nitric or sulphuric acid, and the 
parts at b dilute acid of the same kind; then 
connect these by wires, rods, or plates ^ one 
metal only, being copper, iron, silver, tin, lead, 
or any of those metals which become p<Mitive 
and negative by difference of dilution m the 

^ PhUoBophieal Tran^actionat 1801, p. 397. Also 
JaurnaU af.tka Royal TnMuHon^ 1802, p. 61; and 
Jourrm. 8va, 1802, VoL L p* 144. 

'Quarterly Journal of jSetsnce, VIIi, 177; or An- 
naUe de Chimie, XI, 190, (1819). 


give an effective battery. 

2026. If the acid used be the sulphoric, and 
the metal employed be iron, the current pro- 

ducedwillbeinonedireetion,thus, < throng 

the part figured; but if the metal be tin, the re- 
sulting current will be in the contrary direc- 
tion, thus —4. 

2027. Strong and weak solutions of potassa 
bdbg employ^ in the tubes, then the single 
metals zinc, lead, copper, tin, and cadmium 
(1981), will produce a similar battery. 

2028. If the arrangements be as in PL XIII, 
Fig. 7, in which the vessels 1, 3, 5, &c. contain 
strong sulphuric acid, and the vesseb 2, 4, 6, 
&c. dilute sulphuric acid; and if the metals a, 
a, a, are tin, and 6, 6, 6, are iron (1979), a bat- 
tery electric current will be produced in the 
direction of the arrow. If the metals be changed 
for each other, the acids remaining; or the 
acids be changed, the metals remaining; the 
direction of the current will be reversed. 

f viii. Considerationa of the Sufficiency of 
Chemical Action 

2029. Thus there is no want of cases in which 
chemical action alone produces voltaic currents 
(2017); and if we proceed to look more closely 
to the correspondence which ought to exist be- 
tween the chemical action and the current pro- 
duced, we find that the further we trace it the 
more exact it becomes; in illustration of which 
the following cases will suffice. 

2030. Chemical action does evolve electricity. 
This has been abundantly proved by Becquerel 
and De la Rive. BecquereLs beautiful voltaic 
arrangment of acid and alkali ’ is a most satisr 
factory proof that chemical action is abun- 
dantly sufficient to produce electric phenom- 
ena. A great number of the results described in 
the present papers prove the same statement. 

2031. Wh^e chemical action has been but di^ 
miniehee or ceoeeSy the electric current dimnUheo 
Of ceases oteo. The cases of tin (1882, 1884)|. 
lead (1885), bismuth (1895), and cadmium 
(1905), in the solution of sulphuret of potas- 
sium, are excellent instances of the truth of 
this proposition. 

2032. If a pieoeof grain tin be put into strong 
nitric add, it will generally ex^ no action, in 
oonsequmiGe of the film of oxide whidiis formed 
upon it by the heat employed m the proeessof 
breakmg it up. Th^ two platinum wires, coun 
nected by a ^vanometer, may be put into the 

> Annates de Chimie, 1827, XXXV, p. 122. Bmth 
Mgue UniseneUe, 1838; XIV, 129^ 171; 
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piece of tin, jret without producing an electric 
current. whilst matters are in this position, 
Ijie tin bescraped under the acid by a glass rod 
orolJm^ nan-^conducting substance capable of 
bioaking the surface, the acid acts on the metal 
newly esqxised, and produces a current; but 
the acticm ceases in a moment or two from 
the fmnation of oxide of tin and an ^chausted 
investing solution (1918), and the current 
ceases with it. Each scratch upcm the surface 
of the tin reproduces the series of phenomena. 

2033. The case of iron in strong nitric acid, 
which acts and produces a current at the first 
moment (1843, 1951, 2001), but is by that ao- 
tibn deprived of so much of its activity, both 
diemied and electrical, is also a case in point. 

2034. If lead and tin be associated in rnuri^ 
..atic acid, the lead is positive at the first moment 

to the tin. The tin then becomes positive, and 
continues so. This change 1 attribute to the 
circumstance that the chloride of lead formed 
partly invests that metal, and prevents the 
continuance of the action there; but the chlo- 
ride of tin, being far more soluble than that of 
lead, passes more readily into the solution; so 
tibat action goes on there, and the metal exhib- 
its a permanent positive state. 

2035. The effect of the investing fluid al- 
ready referred to in the cases of tin (1919) and 
cadmium (1918), some of the results with two 
metals in hot and cold add (1966), and those 
cases where metal in a heated add became neg- 
ative to the same metal in cold acid (1953, <&c.), 
are of the same kind. The latter can be b^uti-* 
hiHy illustrated by two pieces of lead in dilute 
nitric add: if left ashort time, the needle stands 
aeariy at 0^ but on heating either side, the 
metal tiiere becomes negative 2Xf or more, and 
eonthmes so as long as the heat is continued. 
Cbi cooling that side and heating the other, 
that piece d lead which before was podtive 
now becomes negative in turn, and so on for 
any number of times. 

< 2636. When the eh/mical eastian ehangee the 
eurrenf dhcmgee ofao. This is shown by the cases 
of two pieces of the same adive metal iu the 
same fluid. Thus if two pieces of silver be asso^ 
eaated instrong muriatic acid, first the one will 
l^pedtiveandtfaentheothm'; andthechanges 
hi tiie diredion ot the current will not be slow 
\asffbyagradual action, but exceedingly sharp 
; Bsid sudden. Soil sdvm* ami coppm* be asso- 
elated in a^ulutesdtitio^ of sulpburet of po* 
the coppetwiil be i^emically active 
remain diean; 


until of a sudden the wi^ ceaae to wet, 
the silver will become instantiy covated witii 
sulphuret, showing by that the commencement 
of chemical action there, and the needle of the 
galvanometer will jump through 180^. Two 
pieces of silver or of copper in solution of sul- 
phuret of potassium produce tiie same effect. 

2037. If metals be used which are inactive in 
the fluids employed, and the latter undergo no 
change during the time, from other circum- 
stances, as heat, &c. (1838, 1937), then no cur- 
rents, and of course no such alterations in 
direction, are produced. 

2038. Where mthemical action occurs no cur- 
rent is produced. This in regard to ordinaky 
solid conductors, is well known to be the caw, 
as with metals and other bodies (1867). It hw 
also been shown to be true when fluid condu^ 
tors (electrol 3 rtes) are used, in every case whei^ 
they exert no chemical action, though such 
different substances as acid, alkalies and sul- 
phurets have been employed (1843, 1853, 1825, 
1829). These are very striking facts. 

2039. But a current mil occur the moment 
chemical action commences. This proportion 
may be well illustrated by the following exper- 
iment. Make an arrangement like that in Fig. 
14 : the two tubes being charged with the same 
pure, pale, strong nitric acid, the two platinum 
wires p p being connected by a galvanometer, 
and the wire i, of iron. The apparatus is only 
another form of the simple arrangement (PL 
XIll, Fig. 9,) where, in imitation of a former 
experiment (889), two plates of iron and plat- 
inum are placed parallel, but separated by a 
drop of strong nitric acid at each extremity. 
Whilst in this state no cuiTent is produced in 
either apparatus; but if a drop of water be 
added at 5, Fig. 9, chemical action commences, 
and a pow^ful current is produced, though 
without metallic or any additional contact. To 
observe this with the apparatus, (PI. XIU, Fig. 
8),adrop of water was put in at b, Atflrst there 
was no chemical action and no electric current, 
themgh the water was there, so that contact 
with tiie water did notiiing: the water atkd acid 
were moved and mixed together by mefms of 
the end of the wire i; in a few moments, proper 
chemkai actiem came on, the iron evedving 
nitrous gas at the place of its action, andaitbe 
sametimeaoquiringapositive condition at that 
patt,Bnd produdkga powerful riectrie current. 

2D40. When (he chemical action which d(her 
has or could hme produced a current inonedi^ 
rec^ian is remtitd or undone, the current ie t^ 
meed (d Mime ) < V. 
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strikifii^y wn6m$ the chemical theory of yof- 
taic excitement, and is illustrated by many 
important facts. Volta in the year 1802,^ 
ebowed that crystallised oxide of manganese 
was highly ne^tive to sine and similar metals, 
giving, according to his theory, electricity to 
the sine at the point of contact. Becquerel 
worked carefully at this subject in 1835,* and 
came to the conclusion, but reservedly ex- 
pressed, that the facts were favourable to the 
theory of contact. In the following year De la 
Rive examined the subject,* and shows, to my 
satisfaction at least, that the peroxide is at the 
time undergoing chemical change and losing 
oxygen, a change perfectly in accordance with 
the direction of the current it produces. 

2042. The peroxide associal^ with platinum 
in the green nitrous acid originates a current, 
and is negative to the platinum, at the same 
time giving up oxygen and converting the ni- 
trous acid into nitric acid, a change easily 
shown by a common chemical experiment. In 
nitric acid the oxide is negative to platinum, 
but its negative state is much increased if a 
little alcohol be added to the acid, that body 
assisting in the reduction of the oxide. When 
associated with platinum in solution of potash, 
the addition of a little alcohol singularly fa- 
vours the increase of the current for the same 
reason. When the peroxide and platinum are 
associated with solution of sulphuret of potas- 
sium, the peroxide, as might have been ex- 
pected, is strongly negative. 

2043. In 1835 M. Muncke* observed the 
striking power of peroxide of lead to produce 
phenomena like those of the peroxide of man- 
ganese, and these M. de la Rive in 1836 imme- 
diately referred to corresponding chemical 
changes^* M. Schcenbein does not admit this 
inference, and bases his view of ‘^currents of 
tendency’’ on the phenomena presented by this 
body and its non-action with nitric acid.® My 
own results confirm those of M. de la Rive, for 
by direct ei^riment I find that the peroxide 
is acted upon by such bodies as nitric acid« 
Potash and pure strong nitric acid boiled on 
peroxide of lead readily dissolved it, forming 
protonitrate of lead^ A dilute nitric acid was 
made and divided into two portions; one was 

1 Anwdes de Ckimiet 1802, XL, 224. 

1835.LX, 164, m. , 

« ibid,, 1836, LXl, 40; and Bibiiothbque Univsr^ 
•dk, 18^.1. 1^. 1S8. ' 

< hm^weUniveredU, 1836, 16Q. 

1838 Xn,226,8U;and 


tei^ by a of lai^ll&uretted 

and diowed no signs of lead: the 
mingled with a little peroxide of lead (1882)^. 
common temperatures, and after an hour fil- 
tered and l^t^ in the same inanner, and found 
to contain plenty of lead. 

2044. The peroxide of lead is negative to 
platinum in sc^utions of common salt and pot- 
ash, bodies which might be supposed to exeart 
no chemical action on it. But direct experi- 
ments show that they do exert sufficient action 
to produce all the effects. A circumstance in 
further proof that the current in the voltaic 
circuit formed by these bodies is chemical in 
its origin, is the rapid depression in the force of 
^e current produced, after the first moment of 
immersion. 

2045. The most powerful arrangement with 
peroxide of lead, platinum, and one fluid, was 
obtained by using a solution of the yellow sul- 
phuret of potassium as the connecting fluid. A 
convenient mode of making such experiments 
was to form the peroxide into a fine soft paste 
with a little distilled water, to cover the lower 
extremity of a platinum plate uniformly with 
this paste, using a glass rod for the purpose, 
and making the coat only thick enough to hide 
the platinum well, then to dry it well, and 
finally, to compare that plate with a clean 
platinum plate in the electrolyte employed. 
Unless the platinum plate were perfectiy cov- 
ered, local electrical currents (1120) took place 
which interfered with the result. In this way, 
the peroxide is easily shown to be negative to 
platinum either in the solution of tiie sulphuret 
of potassium or in nitric acid. Red-lead gave 
the same results in both these fluids. 

2046. But using this sulphuretted solutkm^ 
the same kind of proof in support of the chem- 
ical theory could be obtained from protoxides 
as before from the peroxides. Thus, some piire 
protoxide of lead, obtained from the nitrate by 
beat and fusion, was applied on the platinum 
plate (2045), and found to be strongly negative 
to metallic platinum in the solution of aid- 
phuret of potassium. White lead applied in tfie 
same manner was siso found to acquire the 
same state. Either of these bodies when <k^ 
pared with platinum in dilute nitric acid wa^ 
on the contraiy, very positive. 

2047. The same effect is well shewn by ^ 
acl^n nf oxidized iron. If a plate of be 
oxidized by heatsp as to give an oxide ot mek 
aggregation and condition as tO rba^eeted on 
Boamely or not at all by tiie ndutkm df sui^ 
Plmret^ then there is lit^ or no cumsnt* aqeh 
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an oxide being as platinuxn in the solution 
(1840). But if it be oxidized by exposure to air, 
or by hemg wetted and dried; or by being 
moistoied by a little dilute nitric or sulphuric 
add and then washed, first in solution of am- 
monia or potassa, and afterwards in distilled 
water and dried; or if it be moistened in solu- 
tion of potassa, heated in the air, and then 
washed well in distilled water and dried; such 
iron associated with platinum and put into a 
solution of the sulphuret will produce a power- 
ful current until all the oxide is reduced, the 
iron during the whole time being negative. 

2048. A piece of rusty iron in the same solu- 
tion is powerfully negative. So also is a plati- 
num plate with a coat of protoxide, or peroxide, 
or native carbonate of iron on it (2045). 

2049. This result is one of those effects which 
has to be guarded against in the experiments 
formerly described (1826, 1886). If what ap- 
pears to be a clean plate of iron is put into a 
dilute solution of the sulphuret of potassium, 
it is first negative to platinum, then neutral, 
and at last generally feebly positive; if it be 
put into a strong solution, it is first negative, 
and then becomes neutral, continuing so. It 
cannot be cleansed so perfectly with sand- 
paper, but that when immersed it will be nega- 
tive, but the more recently and well the plate 
has been cleansed, the shorter time does this 
state continue. This effect is due to the instan- 
taneous oxidation of the surface of the iron 
during its momentary exposure to the atmos- 
phere, and the after reduction of this oxide by 
the solution. Nor can this be ^considered an un- 
natural result to those who consider the char- 


acters of iron. Pure iron in the form of a sponge 
takes fire spontaneously in the air; and a plate 
recently cleansed, if dipped into water, or 
breath^ upon, or only exposed to the atmos- 
phere, produces an instant smell of hydrogen. 
The thin film of oxide which can form during a 
momentary exposure is, therefore, quite enough 


to account for the electric current produced. 

20M. As a further proof of the truth of these 
oJ^bjbnations, 1 placed a plate of iron under the 
a solution of the sulphuret of potas- 

for some time in the 

fBflmA It was then neutral or 

sulphui^t. Tl 

I* with the plati- 

^ Whrist in oo»Mo^ ^ the wood bo as 
fe robbed wft^Hact; it <hd not 


five current was only a temporary result of the 
coat of oxide which the iron had acquired in 
the air. 

2051. Nickel appears to be subject to the 
same action as iron, though in a much slighter 
degree. All the circumstances were parallel, 
and the proof applied to iron (2050) was ap- 
plied to it also, with the same result. 

2052. So all these phenomena with protox- 
ides and peroxides agree in referring the cur^ 
rent produced to chemical action; not merely 
by i^owing that the current depends upon the 
action, but also that the direction of the current 
depends upon the direction which the chemical 
aflSnity determines the exciting or electromo- 
tive anion to take. And it is I think a most 
striking circumstance that these bodies, wnich 
when they can and do act chemically procmee 
currents, have not the least power of the kmd 
when mere contact only is allowed (1869), 
though they are excellent conductors of elec- 
tricity, and can readily carry the currents 
form^ by other and more effectual means. 

2053. With such a mass of evidence for the 
efficacy and sufficiency of chemical action as 
that which has been given (1878, 2052); with 
BO many current circuits without metallic con- 
tact (2017) and so many non-current circuits 
with (1867); what reason can there be for re- 
ferring the effect in the joint cases where both 
chemical action and contact occur, to contact, 
or to anything but the chemical force alone? 
Such a reference appears to me most unphilo- 
sophical: it is dismissing a proved and active 
cause to receive in its place one which is merely 
hypothetical. 

If ix. Thermo-electric Evidence 

2054. The phenomena presented by that 
most beautiful discovery of Seebeck, thermo- 
electricity, has occasionally and, also, recently 
been adduced in proof of the electromotive in- 
fluence of contact amongst the metals, and 
such like solid conductors^ (1809, 1867). A very 
brief consideration is, I think, sufficient to 
show how little support these phenomena give 
to the theory in question. 

2055. If the contact of metals exert any ex- 
citing influence in the voltaic circuit, then we 
can hardly doubt that thermo-electric currents 
are due to the same force; i.e., to disturbance, 
by local temperature, of the bdanced forces of 
the different contacts in a metallic or similar 

iSee Fedmer's words. PhUoBophical MaoaHnet 
1838, XIII, p. 206. 
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cimut. Those who quote thermo effeets as 
proofs of the effect of contact must, of course, 
admit this opinion. 

2056. Admitting contact force, we may then 
assume that heat either increases or diminish es 
the electromotive force of contact. For if in 
PL XIII, Fig, lOj A be antimony and B bis- 
muth, heat applied at x causes a current to 
pass in the direction of the arrow; if it be as- 
sumed that bismuth in contact with antimony 
tends to become positive and the antimony 
negative, then heat diminishes the effect; but 
if it be supposed that the tendency of bismuth 
is to become negative, and of antimony posi- 
tive, then heat increases the effect. How we 
are to decide which of these two views is the 
one to be adopted, does not seem to me clear; 
for nothing in the thermo-electric phenomena 
alone can settle the point by the galvanom- 
eter, 

2057. If for that purpose we go to the vol- 
taic circuit, there the situation of antimony 
and bismuth varies according as one or another 
fluid conductor is used (2012). Antimony, be- 
ing negative to bismuth with the acids, is posi- 
tive to it with an alkali or sulphuret of potas- 
sium; still we find they come nearly together in 
the midst of the metallic series. In the thermo 
series, on the contrary, their position is at the 
extremes^ being as different or as much opposed 
to each other as they can be. This difference 
was long ago pointed out by Professor Gum- 
ming:^ how is it consistent with the contact 
theory of the voltaic pile? 

2058. Again, if silver and antimony form a 
thermo circle (PI. XIII, Fig, 11), and the 
junction x be heated, the current there is from 
the silver to the antimony. If silver and bis- 
muth form a thermo series (Fig, 1^), and the 
junction x be heated, the current is from the 
bismuth to the silver; and assuming that heat 
increases the force of contact (2056), these re- 
sults will give the direction of contact force 

between these metals, antimonyi silver, and 

hismvih ^silver. But in the voltaic series the 

current is /rom the silver to both the antimony 
and bismuth at their points of contact, when- 
ever dilute sulphuric or nitric acid, or strong 
nitric acid, or solution of potassa (2012) are 
used; so that metallic contact, like that in the 
thermo circle, can at all events have very UUk 
to do here. In the yellow sulphuret of potas- 
sium the current is from both antimony and 
bismuth to the sUver at their contacts, a result 
equally inconsistent witii the thermo effect as 

^ Almost ef FMtosaphsft 1528, VI, 177. 


the former. When the colourless bydrosud- 
phuret of potassium is used to complete the 
voltaic circle, the current is from bismuih to 
silver, and from silver to antimony at their 
points of contact; whilst, with strong muriatic 
acid, precisely the reverse direction occurs, for 
it is from silver to bismuth, and from antimony 
to silver at the junctions. 

2059. Again; by the heat series copper gives 
a current to gold; tin and lead give currents to 
copper, rhodium, or gold; zinc gives one to 
antimony, or iron, or even plumbago; and 
bismuth gives one to nickel, cobalt, mercury, 
silver, palladium, gold, platinum, rhodium, 
and plumbago; at the poinf of contact between 
the metals: currents which are just Ihe 
reverse of those produced by the same metals, 
when formed into voltaic circuits and excited 
by the ordinary acid solutions (2012). 

2060. These, and a great number of other 
discrepancies, appear by a comparison, accord- 
ing to theory, of thermo contact and voltaic 
contact action, which can only be accounted 
for by assuming a specific effect of the contact 
of water, acids, alkalies, sulphurets, and other 
exciting electrolytes, for each metal; this as- 
sumed contact force being not only unlike 
thermo-metallic contact, in not possessing a 
balanced state in the complete circuit at 
form temperatures, but, also, having no relation 
to it as to the order of the metals employed. 
So bismuth and antimony, which are far apart 
in thermo-electric order, must have this extra 
character of acid contact very greatly devel- 
oped in an opposite direction as to its result, to 
render them only a feeble voltaic combination 
with each other: and with respect to silver, 
which stands between tin and zinc thermo- 
electrically, not only must the same departure 
be requir^, but how great must the effect of 
this, its incongruous contact, be, to overcome 
so completely as it does, and even powerfully 
reverse the differences which the metals (ac^ 
cording to the contact theory) tend to produce! 

2061. In further contrast with suc^ an as- 
sumption, it must be remembered that, though 
the series of thermo-electric bodies is diS^nt 
from the usual voltaic order (2012), it is peir^ 
fectly consistent with itself, Le., that if iron and 
antimony be weak with each other, and bitih 
muth be strong with iron, it will also be strong 
with antimony. Also that if the electric cmrreiit 
pass from bismuth to rhodium at the hot 
tion, and also from rhodium to antinmy at 
Ihe hot junction, it will pm far more 'pomsB* 
fidly from bismuth to antimony at the heated 
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1/0 ^ at ail i)OiiBiBtent with this eixn-^ 
pie and true relation, sulphuric acid should not 
be stconglyenergetic with iron ortin and weakly 
so with silver, as it is in the voltaic circuit, 
since these metals are not far apart in the 
thermo series: nor should it be nearly alike to 
fdatinuni and gold voltaioally, since they are 
far apart in the thermo series. 

2062. Finally, in the thermo circuit there is 
that relation to heat which shows that for 
evwy portion of electric force evolved, th^e is 
a corresponding change in another force, or 
form of force, namely heat, able to account for 
it; this, the united experiments of Seebeck and 
Peltier have shown. But contact force is a force 
which has to produce something from nothing, 
a result of the contact theory which can be 
better stated a little further on (2069, 2071, 

.•2073)'; 

2063. What evidence then for mere contact 
excitement, derivable from the facts of thermo- 
electricity, remains, since the power must thus 
be referred to the acid or other electrolyte used 
(2060) and made, not only to vaiy uncertainly 
for each metal, but to vary also in direct con- 
f<»mity with the variation of chemical action 
(1874, 1956, 1992, 2006, 2014)? 

^ 2064. The contact theorist seems to consider 
that the advocate of the chemical theory is 
called upon to account for the phenomena of 
thermo-electricity. 1 cannot perceive that See- 
bedk’s circle has any relation to the voltaic 
pile, and think that the researches of Becque- 
rel^ are quite sufficient to authorize ^at 
ixmdusion. 

f K^ Improbahk Nature of the Assumed Contad 
Fmree 

^ 2065. I have thus given a certain body of 
Mcperimental evidence and consequent conclu- 
sions, which seem to me fitted to assist in the 
dtiddation of the disputed point, in addition 
to statements and arguments of the great 
men who have already advanced their r^ts 
and opinions in favour of the chemi<xil theory 
ofexoitement in the voltaic pile, and against 
that of contact. 1 will conclude by culducing a 
ftti^er argument founded upon the, to me, 
unphilosopfaical nature ctf ^ force to which 
^ phenomena are, by the contact theory, 
prferred. 

; 2066. It is assum^ by the theory (1802) 

. thst whm $wo dis^^iffia^ metals (or rather 
jtodieB) touc% the d|iiifenaag particles act on 
md induce oppodte states. I do 
:yiAMMks ds 1829, XLI, 855; XLVI, 275. 


not deny this, but on the eonimy tiunk that 
in many cases sudi an ^ect talm place be- 
tween contiguous particles; as lor instance, 
preparatory to action in common chemical 
phenomena, and also preparatory to that act 
of chemical combination which, in the voltaic 
circuit, causes the current (1738, 1743). 

2067. But the contact theory assumes that 
these particles, which have thus by their mu- 
tual action acquired opposite electrical states, 
can discharge these states one to the other, and 
yet remain in the state they were first in, being 
in ev^ point entirely unchanged by what has 
previously taken* place. It assumes also tiat 
the particles, being by their mutual actmn 
rendered plus and minus, can, whilst uncmr 
this inductive action, discharge to particles of 
like matter with themselves and so produceia 
current. 

2068. This is in no respect consistent with 
known actions. If in relation to chemical phe- 
nomena we take two substances, as oxygen 
and hydrogen, we may conceive that two pai> 
tides, one of each, being placed together and 
heat applied, they induce contrary states in 
their opposed surfaces, according, perhaps, to 
the view of Berzelius (1739), and that these 
states becoming more and more exalted end at 
last in a mutual discharge of the forces, the 
particles being ultimately found combined, 
and unable to repeat the effect. Whilst they 
are under induction and before the final action 
comes on, they cannot spontaneously lose that 
state; but by removing the cause of the in- 
creased inductive effect, namely the heat, the 
effect itself can be lowered to its first condi- 
tion. If the acting particles are involved in the 
constitution of an electrolyte, then they can 
produce current force (921, 924) proportionate 
to the amount of chemical force consumed 
( 868 ). 

2069. But the contact theory, whkh is 

obliged, according to the facts, to admit that 
the acting particles are not changed (1802, 
2067) (for otherwise it would be the chemical 
theory), is constrained to admit also, that the 
force which is able to niake two particles as- 
sume a certain state in respect to each other, 
is unable to make them retain that state; and 
so it virtually denies the great principle in nat- 
ural pMlosophy, that cause and effect are equal 
(2071). If a particle of platinum by contact 
with a particle of zinc willingly ^ves of its own 
electricity to the zinc, because tins by its pies* 
enoe t^ids to the platinum assume ansg- 

ative state, iriiiyehoiddthepfurticleof 
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taike eleeMdtir |rom any oHher |>^^le of 
mum behmd it^ dooe would only uid to 
destroy the very state which the zinc has just 
forced it into? Such is not the ease in common 
induction; (and Marianini admits that the eU 
feet of cont^t may take place through air and 
measurable distances);^ for there a ball ren* 
dered negative by induction, will not take 
electricity from surrounding bodies, however 
thoroughly we may uninsulate it; and if we 
force electricity into it, it . will, as it were, be 
spumed back again with a power equivalent 
to that of the inducing body. 

2070. Or if it be supposed rather, that the 
zinc particle, by its inductive action, tends to 
make the platinum particle positive, and the 
latter, being in connection with the earth by 
other platinum particles, calls upon them for 
electricity, and so acquires a positive state; 
why should it discharge that state to the zinc, 
the very substance, which, making the plati- 
num assume that condition, ought of course to 
be able to sustain it? Or again, if the zinc tends 
to make the platinum particle positive, why 
should not electricity go to the platinum /rom 
the zinc, which is as much in contact with it as 
its neighbouring platinum particles are? Or if 
the zinc particle in contact with the platinum 
tends to become positive, why does not elec- 
tricity flow to it from the zinc particles behind, 
as well as from the platinum?^ There is no 
suffleient probable or philosophic cause assigned 
for the assumed action; or reason given why 
one or other of the consequent effects above 
mentioned should not take place: and, as 1 
have again and again said, I do not know of a 
single fact, or case of contact current, on which, 
in the absence of such probable cause, the 
theory can rest. 

2071. The contact theory assumes, in fact, 
that a force which is able to overcome powerful 
resistance, as for instance tiiat of the con- 
ductors good or bad, through which the current 
passes, and that again of the electrolyte action 
where bodies are decomposed by it, can arise 
out of nothing; that, without any change in the 
acting matter or the consumption of any geneiv 
ating force, a cuirmit can be produced which 

iMmnorie ddla SockUt lidliam in Modma, 1887 , 
XXI, 232, 233, 4c. 

* 1 have spoken, for simplidty of expresdon, as if 
one Btotall were active and the omer paravein bring* 
ins about thepn induced states,, and not, as die tibeony 
implies, ss if each were mutu^y subject to the other. 
But this makes nto difference in the force ol the argu- 
ment; u4ilst ad endeavour to state fully dke joint 
changes on both sidea would rsthar have ..obsoured 
the obleotforiB Which arise and whith yet ate equany 
strong in eidier view. ' V ;',' 


Bball:go for flV)sr. 

anca, or only be stopped as hi the yoMe 
trough, by the ruins which its exertion has 
heaj^ up in its own course. This would indeed 
be a creation af pemr, and is like no other force 
in nature. We have many processes by which 
the form of the power may be so changed that 
an apparent cont;ersion of one into another 
takes place. So we can change chemical force 
into the electric current, or the current into 
chemical force. The beautiful experiments of 
Seebeck and Peltier show the convertibility of 
heat and electricity; and others by Oersted and 
mysdf show the convertibility of electricity 
and magnetism. But in no cases, not even 
those of the gymnotus and torpedo (1790), is 
there a pure creation of force; a production of 
power without a corresponding exhaustion of 
something to supply it.’ 

2072. It should ever be remembered that the 
chemical theory sets out with a power the'ex- 
istence of which is pre-proved, and then fol- 
lows its variations, rarely assuming anything 
which is not supported by some corresponding 
simple chemical fact. The contact theory sets 
out with an assumption, to wliich it adds others 
as the cases require, until at last the contact 
force, instead of being the firm unchangeable 
thing at first supposed by Volta, is as variable 
as chemical force itself. 

2073. Were it otherwise than it is, and were 
the contact theory true, then, as it appears to 
me, the equality of cause and effect must be 
denied (2069). Then would the perpetual mo- 

* {NotCi March 29, 1840). 1 regret thgt 1 was not 
before aware of most important evidence for this 
philosophical argiunent, oonsbting of the opinion of 
Dr. Roget, given in his Treatise on Golmnism in tibe 
l/Sbrary of Useful KnouAedge, the date of which is 
January 1829. Dr. Roget is, upon the facts of the 
science, a supporter of the chemical theory of excita- 
tion; but the striking, passage I desire now to. r^er 
to, is the following, at j 113 of the article Galvan%sm, 
SjMSking of the voltaic theory of contact, he says, 

were any furriier reasoning necessary to overthrow 
it, a forcible argument might be drawn from the fo|« 
lowing consideration. If mere could exist a power 
having the property ascribed to it by the hypothecs, 
namely, that of (giving continual impulse to a flidd-iq , 
one constant direction, without being exhausted by 
ite own abtion, it would differ eseentially from all the, 
otiier known powers, m nature. All the powers^aUf) 
sources of motion, with the operation of which we 
are acquainted, when producing their peculiar of^. 
fe(^, are expended in the same proportion 
effedis are^produoed; and hence arises the. 
bility of obtaining by their ageni^ a perpeg^; 
feet; or, in otiier words, a perpetuel motknu 
electromotive Ij^rne .eseribed by Volta to 
when in contact is a force which, ae long ns 
oburse is allowed to the electricity it sett is iem^j 
is never expanded, and conthxues to beogdted w^th 
undiminished poww, in^^thepi^inction of 
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ticm abo be ; and it would not be at all dif* 
fieult, upon the first given case of an electric 
current by contact alone, to produce an electro- 
magnetic arrangement, which, as to its prin- 
ciple, would go on inroducing mechanical ef- 
fects for ever. 

Roifol Institytion^ December 26, 1839 
Notb 

2074. In a former series (925, dc.) I have 
«iid that I do not think any part of the elec- 
tricity of the voltaic pile is due to the combina- 
tion of the oxide of zinc with the sulphuric acid 
used, and that I agreed so far with Sir Humphry 
Davy in thinking that acids and alkalies did not 
in combining evolve electricity in large quantity 
when they were not parts of electrol^dcs. 

This I would correct; for I think that 
Becquerel’s pile is a perfect proof that when 
acid and all^i combine an electric current is 
produced.^ 

I perceive that Dr. Mohr of Coblentz ap- 
pears to have shown that it is only nitric acid 
which amongst acids can in combining with 
alkalies produce an electric current.^ 

^BibliotMque VniterselUt 1838, XIV, 129, 171. 

I, n* Anrudea de ChimiAt 1827, 

* PhiloBopkieal Magazine, 1838, XIII, p. 382; or 
Pogsendorf's Annalzn, XLII, p. 76. 


For mysdf , I had made exception of the hy- 
dradids (929) on theoretical grounds. I had 
also admitted that oxyacids when in solution 
might in such cases produce small currents of 
electricity (928 and Note)] and Jacobi says 
that in Becquerers im^rov^ acid and alkaline 
pile, it is not above a tlmieth part of the whole 
power which appears as current. But I now 
wish to say that though in the voltaic battery, 
dependent for its power on the oxidization of 
zinc, I do not think that i\i%quomtUy of electric- 
ity is at all increased or affected by the com- 
bination of the oxide with the acid (933, 945), 
still the latter Circumstance cannot go alto- 
gether for nothing. The researches of Mr. Dan- 
iell on the nature of compound electrolyte’ 
ties together the electrolyzation of a salt a^d 
the water in which it is dissolved, in such a 
manner as to make it almost certain that, in 
the corresponding cases of the formation of a 
salt at the place of excitement in the voltaic 
circuit, a similar connection between the water 
and the salt formed must exist: and I have 
little doubt that the joint action of water, acids, 
and bases, in BecquereFs battery, in Danieirs 
electrolyzations, and at the zinc in the ordinary 
active pile, are, in principle, closely connected 
together. 

* Philozophiedl Tranaaetiona, 1839, p. 97. 


EIGHTEENTH SERIES 

§ 25. On the Electrknty Evolved by the Friction of Water and Steam 
against Other Bodies 

Rxceivbd January 26, Read February 2, 1843 


20^. Two years ago an experiment was de- 
scribed by Mr. Armstrong and others,’ in which 
the issue of a stream of high pressure steam 
into the air produced abundance of electricity. 
Tte source of the electricity was not ascer- 
tained, but was supposed to be the evaporation 
mr change of state of the water, and to have a 
dir^ nation toatmospheric electricity. I have 
at various times since May of last year been 
workmg upon the subject, and though I per- 
ceive Mr. Armstrong has, in recent communi- 
cations, anticipated by publication some of the 
bets which I abo have obtainedrthe Royal 8o- 
may still perhaps think a compressed ac- 
count of my re^ts and conclumons, which in- 

tm, XVU, pp. 870, 

481 , 40 . 


elude many other important points, worthy its 
attention. 

2076. The apparatus I have used was not 
competent to furnish me with much steam or a 
high pressure, but 1 found it sufficient for my 
purpose, which was the investigation of the e^ 
feet and its cause, and not necessarily an in- 
crease of the electric development. Mr. Arm- 
strong, as is shown by a recent paper, has well 
effect!^ the latter.^ The boiler I used, belong- 
ingtotheLondon Institution, would hold about 
ten gallons of water, and allow the evaporation 
of five gallons. A pipe 4)^ feet long was at- 
tached to it, at the end of which was a large 
stop-cockand a metal globe, of the capacity of 
ihi^-two cubic inches, which I will call fhe 

• 1848, XXII, p. 1. 
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^amrglobef and to this globe, by its mouth- 
piece, could be attached various forms of ap- 
paratus, serving as vents for the issuing steam.' 
Thus a cock could be connected with the steam- 
globe, and this cock be used as the experi- 
mental steam-passage; or a wooden tube could 
be screwed in; or a small metal or glass tube 
put through a good cork, and the cork screwed 
in; and in these cases the steam way of the 
globe and tube leading to the boiler was so 
large, that they might be considered as part of 
the boiler, and these terminal passages as the 
obstacles which, restraining the issue of steam, 
produced any important degree of friction. 

2077. Another issue piece consisted of a metal 
tube terminated by a metal funnel, and of a 
cone advancing by a screw more or less into 
the funnel, so that the steam as it rushed forth 
beat against the cone (PL XIV, Fig. 2 ) ; and 
this cone could either be electrically connected 
with the funnel and boiler, or be insulated. 

2078. Another terminal piece consisted of a 
tube, with a stop-cock and feeder attached to 
the top part of it, by which any fluid could be 
admitted into the passage, and carried on with 
the steam (PI. XIV, Fig. 3). 

2079. In another terminal piece, a small cy- 
lindrical chamber was constructed (PI. XIV, 
Fig. 4) into which different fluids could be in- 
troduced, so that, when the cocks were opened, 
the steam passing on from the steam-globe 
(2076) should then enter this chamber and take 
up anything that was there, and so proceed 
with it into the final passage, or out against the 
cone (2077), according as the apparatus had 
been combined together. This little chamber I 
will always call C. 

2080. The pressure at which I worked with 
the steam was from eight to thirteen inches of 
mercury, never higher than thirteen inches, or 
about two-fifths of an atmosphere. 

2081 . The boiler was insulated on three small 
blocks of lac, the chimney being connected by 
a piece of funnel-pipe removable at pleasure. 
Coke and charcoal were burnt, and the insula- 
tion was so good, that when the boiler was at- 
tached to a gold4eaf electrometer and charged 
purposely, the divergence of the leaves did not 
alter either by the presence of a large fire, or 
the abundant escape of the results of the com- 
bustion. 

2082. When the issuing steam produces elec- 
tricity, there are two ways of examining the ef- 

‘ This globe and the pieoes of apparatus ore nepre- 
upon a scale of one-^fourtn in the Plate be- 
longing to this paper. 


685 

fectreithertheinsulatedboilermaybeobserved, 
or the steam may be examined, but these states 
are always contrary one to the other. I at- 
tached to the boiler both a gold-leaf and a dis- 
charging electrometer, the first showed any 
charge short of a sparl^ and the second by the 
number of sparks in a given time carried on the 
measurement of the electricity evolved. The 
state of the steam may be observed either by 
sending it through an insulated wide tube in 
which are some diaphragms of wire gauze, which 
serves as a discharger to the steam, or by send- 
ing a puff of it near an electrometer when it 
acts by induction; or by putting wires and 
plates of conducting matter in its course, and 
so discharging it. To examine the state of the 
boiler or substance against which the steam is 
excited, is far more convenient, as Mr. Arm- 
strong has observed, than to go for the electric- 
ity to the steam itself ; and in this paper I shall 
give the state of the former, unless it be other- 
wise expressed. 

2083. Proceeding to the cause of the excita- 
tion, I may state first that I have satisfied my- 
self it is not due to evaporation or condensa- 
tion, nor is it affected by either the one or the 
other. When the steam was at its full pressure, 
if the valve were suddenly raised and taken out, 
no electricity was produced in the boiler, though 
the evaporation was for the time very great. 
Again, if the boiler were charged by excited 
resin Wore the valve was opened, the opening 
of the valve and consequent evaporation did 
not affect this charge. Again, having obtained 
the power of constructing steam passages which 
should give either the positive or the negative, 
or the neutral state (2102, 2110, 2117), I could 
attach these to the steam way, so as to make 
the boiler either positive, or negative, or neu- 
tral at pleasure with the same steam, and 
whilst the evaporation for the whole time con- 
tinued the same. So that the excitation of elec- 
tricity is clearly independent of the evaporation 
or of the change of state. 

2084. The issue of steam alone is not sufficient 
to evolve electricity.* To illustrate this point I 
may say that the cone apparatus (2077) is an 
excellent exciter: so also is a boxwood tube 
(2102) (PI. XIV, Fig. 6) soaked in water, and 
screwed into the steam-globe. If with ^ther of 
these arrangements, l^e steam-globe {Fig. 1) 
be empty ctf water, so as to catch and retain 

* Mr» Annstrona has also asoertaiii^ that water 
is eesential to a hw development Phu. Afap., 1843, 
Vol. XXII. p. 2. 
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Fig.^ 


Description of the Apparatus represented in section^ 
and to a scale of one-fourth 

Fig. 1 The steam^^obe (2076), prindpal steam-cock, and drainage-cock to re- 
move the water condensed in the pipe. The current of steam, &c. travelled in the 
direction of the arrow-heads. 

Fig. 2 The cone apparatus (2077) in one of its forms. The cone could be ad- 
vance and withdrawn by means of the milled head and screw. 

Fig. S The feeding apparatus (2078). The feeder was a glass tube or retort neck 
fitted by a cork into the cap oi the feeding stop-codk. Other apparatuses, as 
those figured 2, 6, 6, could be attached by a connecting piece to thb a|q>arata8. 

Fig. 4 The cumber jO (2079) fitted by a cork on to a metid pipe previously 
screwed into the steam-globe; and having a metallic tube and adjusting piece 
screwed into its mouth. Other , parts, as the cone fig. or the wo^en or glass 
tubes fi, 6, could be conjoined with this chamber. 

Fig. 6 The boxwood tube (2102). 

fFig. A tute (2076) attadied by a oork to a mbuthpieoe 

fiwig into ihs ste^-l^pbe^^ 
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that whi^ is €k)iKlenBed from the steam, then 
after the first mom^t (2089), and when the 
apparatus is hot, the issuing steam exeites no 
electricity; but when the steam-globe is filled 
up so far that the rest of the condensed water 
is swept forward with the steam, abundance of 
electricity appears. If then the globe be emp* 
tied of its water, the electricity ceases; but 
upon filling it up to the proper height, it im^ 
mediately reappears in full force. So when the 
feeder apparatus (2078) was used, whilst there 
was no water in the passage-tube, there was no 
electricity; but on letting in water from the 
feeder, electricity was immediately evolved. 

2086. The electricity is due entirely to the 
friction of the particles of water which the 
steam carries forward against the surrounding 
solid matter of the passage, or that which, as 
with the cone (2077), is purposely opposed to 
it, and is in its nature like any other ordinary 
case of excitement by friction. As will be shown 
hereafter (2130, 2132), a very small quantity 
of water properly rubbed against the obstruct- 
ing or interposed body, will produce a very 
sensible proportion of electricity. 

2086. Of the many circumstances affecting 
this evolution of electricity, there are one or 
two which I ought to refer to here. Increase of 
pressure (as is well illustrated by Mr. Arm- 
strong's experiments) greatly increases the ef- 
fect, simply by rubbing the two exciting sub- 
stances more powerfully together. Increase of 
pressure will sometimes change the positive 
power of a passage to negative; not that it bus 
power of itself to change the quality of the 
passage, but as will be seen presently (2108), 
by carrying off that which gave the positive 
power; no increase of pressure, as far as I can 
find, can change the negative power of a given 
passage to positive. In other phenomena here- 
after to be described (2090, 2106), increase of 
pressure will no doubt have its infiuence; and 
an effect which has been decreased, or even an- 
nihilated (as by the addition of substances to 
the water in the^steam-globe, or to the issuing 
current of water and steam), may, no doubt, 
by increase <rf pressure be again developed and 
exalted. 

2087. The shape and form of the exciting 
passage has peat influence, by favouring more 
or less the contact and subsequent separation 
of the particles pf water and the solid substance 
against which <hey rub. 

2088. ibhe mixed steam and watpr p w 
througha4uhton(^pH«>ck (2076), they ijaayi^^ 

produifingealto smooth sound, or 


a raUlm^ roughsound;^ theooneappa^ 

ratu8{2077) (PL.XIV,Pigi.Jg),oroertainleBgtte 
of tube, liiiese conditbns idtemate suddenly. 
With the smooth sound littleor no electricity is 
produced; with the rattling sound plenty. The 
rattling sound accompanies that irregular rou^ 
vibration, which casts the water more violently 
and effectually against the substance of the 
passage, and which again causes the better 
excitation. I converted the end of the passage 
into a steam-whistle, but this did no good. 

2089. If there be no water in the steam-globe 
(2076), upon opening the steam-cock the first 
effect is very striking; a good excitement of 
electricity takes place, but it very soon ceases^ 
This is due to water condensed in the cold pas- 
sages, producing excitement by rubbing against 
them. Thus, if the passage be a stop-cock, wlubt 
cold it excites electricity with what is supposed 
to be steam only; but as soon as it is hot, the 
electricity ceases to be evolved. If, then, whilst 
the steam is issuing, the cock be cooled by an 
insulated jet of water, it resumes its power. If, 
on the other hand, it be made hot by a spirit- 
lamp before the steam be let on, then there is 
no first effect. On this principle, I have made 
an exciting passage by suri'ounding one part of 
an exit tube with a little cistern, and putting 
spirits of wine or water into it. 

2090. We find then that particles of wato 
rubbed against other bodies by a current of 
steam evolve electricity. For this purpose, how- 
ever, it is not merely water but pure water 
Tirhich must be used. On employing the feeding 
apparatus (2078), which supplied the rubbing 
water to the interior of the steam passage, I 
found, as before said, that with steam only 1 
obtained no electricity (2084). On letting in 
distilled water, abundance of electricity was 
evolved; on putting a small crystal of sulphate 
of soda, or of common salt into the water, the 
evolution ceased entirely. Re-employing dis- 
tilled water, the electricity appeared again; on 
using the common water supplied to LondoUf 
it was unable to produce it. 

2091. Apin, using the steam-globe (2076), 
and a boxwood tube (2102) which excto wcA 
if the water distilling over from the boiler be. 
allowed to pass with the steam, when 1 put % 
small, cryst^ of sulphate of soda, of 

salt, or of nitre, or the smallest drop of 
phuricacid, into thesteam^globe withtnewii|^ 

> Meesra. Armstrong and Schafksantl have both 
observed the eoineidenoe of oertain eounds or noises 
with the eaNiSbtticn of t^^ ^ 
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the apparatus was utterly ineffective, and no 
electricity could be produced. On withdrawing 
such water and replacing it by distilled water, 
the excitement was again excellent: on adding 
a very small portion of any of these substances, 
iteeased;butuponagainintroducingpure water 
it was renewed. 

2092. Common water in the steam-globe was 
powerless to excite. A little potash added to dis- 
tilled water took away all its power; so also did 
the addition of any of those saline or other sub- 
stances which give conducting power to water. 

2093. The effect is evidently due to the water 
becoming so good a conductor, that upon its fric- 
tion against the metal or other body, the elec- 
tricity evolved can be immediately discharged 
again, just as if we tried to excite lac or sulphur by 
flannel which was damp instead of dry. It shows 
very" clearly that the exciting effect, when it oc- 
curs, is due to water and not to the passing steam . 

2094. As ammonia increases the conducting 
power of water only in a small degree (554), I 
concluded that it would not take away the 
power of excitement in the present case; ac- 
cordingly on introducing some to the pure water 
in the globe, electricity was still evolved though 
the steam of vapour and water was able to red- 
den moist turmeric paper. But the addition of 
a very small portion of dilute sulphuric acid, 
by forming sulphate of ammonia, took away 
all power. 

2095. When in any of these cases, the steam- 
globe contained water which could not excite 
electricity, it was beautiful to observe how, on 
opening the cock which was inserted into the 
steam-pipe before the steam-globe (PI. XIV, 
Fig. I), the use of which was to draw off the 
water condensed in the pipe before it entered 
the steam-globe, electricity was instantly 
evolved; yet a few inches farther on the steam 
wasquite powerless, becauseof thesmall change 
in the quality of the water over which it passed, 
and \riiich it took with it. 

2096. When a wooden or metallic tube (2076) 
was used as the exciting passage, the applica- 
tion of solution of salts to the outside and end 
of Hie tube in no way affected the evolution. 
But when a wooden cone (2077) was used, and 
that cone moistened with the solutions, there 
was no excitement on first letting out the steam, 
and it was only as the solution was washed 
away that the power appeared; soon rising, 
however, to its full degree. 

^97. Haviug ascertained these points le- 
i|>ectmg the necessity of water and its purity, 


the next for examination was the influence of 
thesubstance against which thestream of steam 
and water rubbed. For this purpose I first used 
cones (2077) of various substances, either in- 
sulated or not, and the following, namely, 
Iwass, boxwood, beechwood, ivory, linen, ker^ 
seymere, white silk, sulphur, caoutchouc, oiled 
silk, japanned leather, melted caoutchouc and 
resin, ^ became negative, causing the stream 
of steam and water to become positive. The 
fabrics were applied stretched over wooden 
cones. The melted caoutchouc was spread over 
the surface of a boxwood or a linen cone, and 
the resin cone ^as a linen cone dipped in a 
strong solution of resin in alcohol, and men 
dried. A cone of wood dipped in oil of tur^n- 
tine, another cone soaked in olive oil, an(} a 
brass cone covered with the alcoholic solution^ of 
resin and dried, were at first inactive, and then 
gradually became negative, at which time the 
oil of turpentine, olive-oil and resin were found 
cleared off from the parts struck by the stream 
of steam and water. A cone of kerseymere, 
which had been dipped in alcoholic solution of 
resin and dried two or three times in succes- 
sion, was very irregular, becoming positive and 
negative by turns, in a manner difficult to com- 
prehend at first, but easy to be understood 
hereafter (2113). 

2098. The end of a rod of shellac was held a 
moment in thestream of steam and then brought 
near a gold-leaf electrometer: it was found ex- 
cited negatively, exactly as if it had been rubbed 
with a piece of flannel. The corner of a plate 
of sulphur showed the same effect and state 
when examined in the same way. 

2099. Another mode of examining the sub- 
stance rubbed was to use it in the shape of 
wires, threads or fragments, holding them by 
an insulating handle in the jet, whilst they 
were connected with a gold-leaf electrometer. 
In this way the following substances were tried : 


Platinum 

Copper 

Iron 

Zinc 

Sulphuret of copper 

Linen 

Cotton 

Silk 

Worsted 
Wood 
Horse-hair 
Bear’s hair 
Flint glass 
Green glass 
QuiU 


Ivory 

Shellac on silk 

Sulphur on silk 

Sulphur in piece 

Plumbago 

Charcot 

Asbestos 

Cyanite 

Hematite 

Rock-crystal 

Orpiment 

Sulphate of baryta 

Sulphate of lime 

Carbonate of lime 

FluoTHspar 
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All these substances were rendered negative) 
though not in the same degree. This apparent 
difference in degree did not depend ordy upon 
the specific tendency to become negative, but 
also upon the conducting power of the body it- 
self, whereby it gave its charge to the electrom- 
eter; upon its tendency to become wet (which 
is very different, for instance in shellac or quill, 
to that of glass or linen), by which its conduct- 
ing quality was affected; and upon its size or 
shape. Nevertheless I could distinguish that 
bear's hair, quill and ivory had very feeble 
powers of exciting electricity as compared to 
the other bodies. 

2100. 1 may make here a remark or two upon 
the introduction of bodies into the jet. For the 
purpose of preventing condensation on the sub- 
stance, I made a platinum wire white-hot by 
an insulated voltaic battery, and introduced it 
into the jet : it was quickly lowered in tempera- 
ture by the stream of steam and water to 212®, 
but of course could never be below the boiling- 
point. No difference was visible between the ef- 
fect at the first instant of introduction or any 
other time. It was always instantly electrified 
and negative. 

2101 . The threads I used werestretchedacross 
a fork of stiff wire, and the middle part of the 
thread was held in the jet of vapour. In this 
case, the string or thread, if held exactly in the 
midie of the jet and looked at end-ways to the 
thread, was seen to be still, but if removed 
the least degree to the right or left of the axis 
of the stream it (very naturally) vibrated, or 
rather rotated, describing a beautiful circle, of 
which the axis of the stream was the tangent: 
the interesting point was to observe, that when 
the thread rotated, travelling as it were with 
the current, there was little or no electricity 
evolved, but that when it was nearly or quite 
stationary there was abundance of electricity, 
thus illustrating the effect of friction. 

2102. The difference in the quality of the 
substances above described (2099) gives a val- 
uable power of arrangement at the jet. Thus if 
a metal, glass, or wo(d tube' (2076) be used for 
the steam issue, the boiler is rendered well neg-^ 
ative and the steam highly positive; but if a 
quill tube or, better still, an ivory tube be used, 
the boiler receives scarcely any charge, and the 
stream of steam is also in a neutral state. This 
result not only assists in proving that the elec- 

. boxwood tube, 3 inches long and Hth of an 
uxch inner diameter, well soaked in distUl^ 
and screwed into the steam-globe, is an admirable 
exciter. 


tricity is not due to evaporation, but is also 
very valuable in the experimental inquiry. It 
was in such a neutral jet of steam and water 
that the excitation of the bodies already de- 
scribed (2099) was obtained. 

2103. Substances, therefore, may be held either 
in the neutral jet from an ivory tube, or in the 
positive jet from a wooden or metal tube; and 
in the latter case effects occurred which, if not 
understood, would lead to great confusion. Thus 
an insulated wire was held in the stream issuing 
from a glass or metal tube, about half an inch 
from the mouth of the tube, and was found to 
be unexcited: on moving it in one direction a 
little farther off, it was rendered positive; on 
moving it in the other direction, nearer to the 
tube, it was negative. This was simply because, 
when near the tube in the forcible part of the 
current, it was excited and rendered negative, 
rendering the steam and water more poEdtive 
than before, but that when farther off, in a 
quieter part of the current, it served merely as 
a discharger to the electricity previously ex- 
cited in the exit tube, and so showed the same 
state with it. Platinum, copper, string, silk, 
wood, plumbago, or any of the substances men- 
tioned above (2099), excepting quill, ivory and 
bear's hair, could, in this way, be made to as- 
sume either one state or the other, according 
as they were used as exciters or dischargers, 
the difference being determined by their place 
in the stream. A piece of fine wire gauze held 
across the issuing jet shows the above effect 
very beautifully; the difference of an eighth of 
an inch either way from the neutral place will 
change the state of the wire gauze. 

2104. If, instead of an excited jet of steam 
and water (2103), one issuing from an ivory 
tube (2102), and in the neutral state be used, 
then the wires, <&c. can no longer be made to 
assume both states. They may be excited and 
rendered negative (2099), but at no distance 
can they become dischargers, or show the posi** 
tive state. 

2105. We have already seen that the pres- 
ence of a very minute quantity of matter aide 
to give conducting power to the water todc 
away all power of excitation (2090, &c.) up to 
the highest degree of pressure, i.e., of mechaDi** 
cal friction that I used (2086); and the next 
point was to ascertain whether it would be so 
for all the bodies rubbed by the stream, mr 
whether differences in degree would be^n to 
manifest themsdves. I therefore tried aU these 
bodies again, at one time adding about two 
grains of aoii^te of soda to the fcmrxainoe^ 



«90 FARABAIT. 


steaij^ i«tained as a 

itaaxt quantity when in regular aetioh, and at 
another ^oeaddingnot a fourth of this quantity 
ofaulphuric acid (2091) . In both cases all thesub- 
stances (2099) remained entirely unexcited and 
neutral. Very probably, gi*eat increase of pres- 
sure might have developed some effect (2086). 

2106* With dilute sulphuric acid in the steam- 
globe, varying from extreme weakness to con- 
siderable sourness, 1 used tubes and cones of 
Sine, but could obtain no trace of electricity. 
Chemical action, therefore, appears to have 
nothing to do with the excitement of electric- 
ity by a current of steam. 

2107. Having thus given the result of the 
friction of the steam and water against so many 
bodies, I -may here point out the remarkable 
eircumstance of water being positive to them 

- all. H very probably will find its place above 
eXL other substances, even cat’s hair and oxa^ 
late of lime (2131). We shall find hereafter, 
tiiat we have power, not merely to prevent the 
jet of steam and waW from becoming positive, 
as by using an ivory tube (2102), but also of 
reducing its own power when passing through 
or against suchsub8tancesaswood,metal, glass, 
dbc. Whether, with a jet so reduced, we shall 
still find amongst the bodies above mentioned 
(2099) some that can render the stream posi- 
tive and others that can make it negative, is a 
question yet to be answered. 

2108. Advancing in the investigation, a new 
point was to ascertain what other bodies, than 
water, would do if their particles were carried 
forwaid by the current of steam. For this pur- 
pose the feeding apparatus (2078) was mounted 
and charged with oil of turpentine, to be let in 
at pleasure to the steam-exit passage. At first 
the feeder stop-cock was shut, and the issuing 
Steam and water made the boiler negative. On 
letting down the oil of turpentine, this state 
was instantly changed, the boiler becamepow- 
erfiiUy positive, and the jet of steam, &c., as 
tangly negative. Shutting off the oil of tur- 
p^tine, this state gradual^ fell, and in half a 
minute the bofier was negative, as at first. The 
introduction of more oil of tuipentine instantiy 
dhanged this to positive, and so on with per- 
fect command of the pb^omena. 

< 2109. Bfflnovmg tim feeder apparatus and 
^ uting only the steam-globe and a wooden etit 
(2076), the same beautiful result was oi>> 
^|j^ned. With pure water in the globe the bmler 
negative, mid the issuing steam, &c., posi- 
IliJKbutadropQrtwoiof oUofturpentii^ it^ 


troduced into the steam^bbe with the wliter, 
instantly made the boiler pomtive and the issu- 
ing stream negative. On using the little inter- 
poe^ chamber C (2079), the effects were equally 
decided. A piece of clean new sail-cloth was 
formed into a ring, moistened with oil of tur- 
pentine and placed in the box; as long as a 
trace of the fluid remained in the box the boiler 
was positive and the issuing stream negative. 

21 10. Thus the positive or negative state can 

be given at pleasure, either to the substance 
rubbed or to the rubbing stream; and with re- 
spect to this body, oil of turpentine, its peijfect 
and ready didsi^ation by the continuanop of 
the passage of the steam soon causes the |iew 
effect to cease, yet with the power of rene^g 
it in an instant. \\ 

2111. With olive oil the same general phe- 
nomena were observed, i.e., it made the stream 
of steam, &c.ynegative, and the substancerubbed 
by it positive. But from the comparative fixed- 
ness of oil, the state was much more perma- 
nent, and a very little oil introduced into the 
steam-globe (2076), or into the chamber C 
(2079), or into the exit tube, would make the 
boiler positive for a long time. It required, how- 
ever, that this oil should be in such a place that 
the steam stream, after passing by it, should 
rub against other matter. Thus, on using a 
wooden tube (2076, 2102) as the exciter, if a 
little oil were applied to the inner termination, 
or that at which the steam entered it, the tube 
was made positive and the issuing steam nega- 
tive; but if the oil were applied to the outer 
termination of the tube, the tube had its or- 
dinary negative state, as with pure water, and 
the issuing steam was positive. 

2112. Water is essential to this excitation by 
fixed oil, for when the steam-globe was emp- 
tied of water, and yet oil left in it and in the 
passages, there was no excitement. The first ef- 
fect (2089) it is true was one of excitement, and 
it rendered the boiler positive, but that was an 
effect due to the water condensed in the pas- 
sage, combined with the action of the oil. Af- 
terwards when all was hot, tti^re was no evolu- 
tion of electricity. 

2113. 1 tried many other substances with the 
chamber C and other forms of apparatus, using 
tiie wet wooden tube (2102) as the ^ace and 
substance by whidh to excite the steam stream* 
Hog’s-rlard, sp^maceti, bees’-wax, castor ail» 
resin applied dissolved in alcohol; these, with 
olive-oil, oil of turpentine^ and oil of laurely^&U 
rendered the boiler positive, afid tiie uing 
steam native. Of substances wMcb se^ed 
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to rcn«]»e paw«r,^i^ is ^btful if . 

thBre any above water. Sulphuret of car- 
boBi naphthalme, sulphur, camphor, and mdt- 
ed caoutchouc, occasionally seemed in strong 
contrast to the former bodies, making the boiler 
very negative, but on trying pure water im- 
mediately after, it appeared to do so quite as 
powerfully. Some of the latter bodies with oil- 
gas liquid, naphtha and caoutchoucine, gave 
occasionally variable results, as if they were 
the consequence of irregular and complicated 
effects. Indeed, it is easy to comprehend, that 
according as a substance may adhere to the 
body rubbed, or be carried off by the passing 
stream, exchanging its mechanical action from 
rubbed to rubber, it should give rise to variable 
effects; this, I think, was the case with the 
cone and resin before referred to (2097). 

2114. The action of salts, acids, &c., when 
present in the water to destroy its effect, I have 
already referred to (2090, &c.). In addition, I 
may note that sulphuric ether, pyroxylic spirit, 
and boracic acid did the same. 

2115. Alcohol seemed at the first moment to 
render the boiler positive. Half alcohol and 
half water rendered the boiler negative, but 
much less so than pure water. 

2116. It must be considered that a substance 
having the reverse power of water, but only in 
a small degree, may be able to indicate that 
property merely by diminishing the power of 
water. This diminution of power is very differ- 
ent in its cause to that dependent on increas- 
ing the conducting power of the water, as by 
saline matter (20^), and yet the apparent ef- 
fect will be the same. 

2117. When it b required to render the issu- 
ing steam permanently negative, the object is 
very easily obtained. A little oil or wax put 
into the steam-globe (2076), or a thick ring of 
string or canvas soaked in wax, or solution of 
resin in alcohol, and introduced into the box C 
(2079), supplies all that is required. By adjust- 
mg the application it is easy to neutralise the 
power of the water, so that the issuing stream 
shall neither become electric, nor cause that to 
he electrified against which it rubs. 

2118. We have arrived, therefore, at iJiree 
inodes of rendering tl^ jet of steam and water 
neutral, namely, the useof an ivory quill tube 
(2102), thepresenoepf substances in the water 
(2090, &C.), and tfie neutralisation of its natural 
power by theeontrary iorce of oil, resin, d^c., 

2U9. In experiments of the kind just de- 
smbed an ivo^ cannot: be used safriy 
^ith acid ok a&alies in the sisamnglobe, for 


rixey, hy thmr dumsealsKdaon on the substance 
of &e tube, m the evolution or solution tW 
oily matter for instance, change its state and 
m^e its particular power of excitement very 
variable. Other drcumstances also powerfuBy 
affect it occasionally (2144). 

2120. A very little oil in the rubbing pas- 
sages produces a great effect, and this at first 
was a source of considerable annoyance, by tihe 
continual occurrence of unexpected results; a 
poition may lie concealed for a week togeth^ 
in the thread of an unsuspected screw, and yet 
be sufficient to mar the effect of every arrange- 
ment. Digesting and washing with a little solu- 
tion of alLili, and avoiding all oiled washers, is 
the best way in delicate experiments of evading 
the evil. Occasionally I have found that a pas- 
sage, which was in some degree persistently 
negative, from a little melted caoutchouc, Or 
positive from oil, resin, &c., might be cleared 
out thoroughly by letting oil of turpentine be 
blown through it; it assumed for a while the 
positive state, but when the continuance of 
steam had removed that (2110), the passage 
appeared to be perfectly clear and good and in 
its normal condition. 

2121. 1 now tried the effect of oil, &c., when a 
little saline matter or acid was added to the 
water in the steam-globe (2090, &c.), and foimd 
that when the water was in such a state as to 
have no power of itself, still oil of turpentine or, 
oil, or resin in the box C, showed their power, in 
conjunction with such water, of rendering the 
boiler positive, but their power appeared to be 
reduced: increase of the force of steam, as in 
all other cases, would, there is little doubt, 
have exalted it again. When alkali was in the 
steam-gbbe, oil and resin lost very much of 
their power, and oil of turp^tine very little. 
This fskct will be important hereafter (2126). 

2122. We have seen that the aetion of such 
bodies as oil introduced into the jet of steam* 
changed its power (2108), but it was only by 
experiment we could tell whether this change 
was to such an extent as to alter the eleetridty^ 
for few or many of the bodies against which 
steam stream rubbed. With dive oil in the bo^ 
C, aU the insulated cones before enumeratei^^; 
(2097) were made positive. With acetic acid 
the steam-globe all were made neutral (2(^1):^:^^ 
With resin in the box C (2113), all the 
stances in the former list (^)99) were 
positive; there was not one exception.^ * 

2123. The remm'kahle power of bSl, 
turpentiimiiesiiii &c., whenin^^cttyax^ 
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tity, to change the exciting power of water, 
though as regards some of them (2112) they 
are inactive without it, will excuse a few the- 
oretical observations upon their mode of ac- 
tion. In the first place it appears that steam 
alone cannot by friction excite the electricity, 
but that the minute globules of water which it 
carries with it being swept over, rubbed upon 
and tom from the rubbed body (2085) excite it 
and are excited, just as when the hand is passed 
over a rod of shellac. When olive oil or oil of 
turpentine is present, these globules are, I be- 
lieve, virtually converted into globules of these 
bodies, and it is no longer water, but the new 
fluids which are rubbing the rubbed bodies. 

2124. The reasons for this view are the fol- 
lowing. If a splinter of wood dipped in olive oil 
or oil of turpentine touch the surface of water, 

^ a peflicle of the former instantly darts and 
spreads over the surface of the latter. Hence it 
is pretty certain that every globule of water 
passing through the box C, containing olive 
oil or oil of turpentine, will have a pellicle over 
it. Again, if a metal, wooden, or other balance- 
pan be well cleaned and wetted with water, and 
then put on the surface of clean water in a dish, 
and the other pan be loaded until almost, but 
not quite able to pull the first pan from the 
water, it will give a rough measure of the co- 
hesive force of the water. If now the oily splinter 
of wood touch any part of the clean surface of 
the water in the dish, not only will it spread 
over the whole surface, but cause the pan to 
separate from the water, and if the pan be put 
down again, the water in the dish will no longer 
be able to retain it. Hence it is evident that tlie 
oil facilitates the separation of the water into 
parts by a mechanical force not otherwise suf- 
ficient, and invests these parts with a film of 
its own substance. 

2125. All this must take place to a great ex- 
tent in the steam passage : the particles of water 
there must be covered each with a film of oil. 
The tenuity of this film is no objection to the 
supposition, for the action of excitement is 
without doubt at that surface where the film is 
believed to exist, and such a globule, though al- 
most entirely water, may well act as an oil 
globule, and by its friction render the wood, 
Ac., positive, itself becoming negative. 

2126. That water which is rendered ineffec- 
tive by a little saline or acid matter should still 
be able to ^ow the effect of the film of oil 
{2121) attached to it, is perfectly consistent 

this view. So also is the still more striking 
j^iti^taOEaliaedwate^ havingno power 


of itself riiould deeply injure the power of olive- 
oil or resin, and hardly touch that of oil of tur- 
pentine (2121), for the olive-oil or resin would 
no longer form a film over it but dissolve in it; 
on the contrary the oil of turpentine would 
form its film. 

2127. That resin should produce a strong ef- 
fect and sulphur not is also satisfactory, for I 
find resin in boiling hot water melts, and has 
the same effect on the balance (2124) as oil, 
though more slowly; but sulphur has not this 
power, its point of fusion being too high. 

2128. It is very probable that when wood, 
glass or even ftifelal is rubbed by these oily itur- 
rents, the oil may be considered as rubbininot 
merely against wood, &c., but water also,vthe 
water being now on the side of the thing rubbed. 
Under the circumstances water has much more 
attraction for the wood rubbed than oil has, 
for in the steam-current, canvas, wood, Ac., 
which have been well soaked in oil for a long 
time are quickly dispossessed of it, and found 
saturated with water. In such case the effect 
would still be to increase the positive state of 
the substance rubbed, and the negative state 
of the issuing stream. 

2129. Ha\dng carried the experiments thus 
far with steam, and having been led to con- 
sider the steam as ineffectual by itself, and 
merely the mechanical agent by which the rub- 
bing particles were driven onwards, I proceeded 
to experiment with compressed air.^ For this 
purpose I used a strong copper box of the ca- 
pacity of forty-six cubic inches, having two 
stop-cocks, by one of which the air was always 
forced in, and the other retained for the exit 
aperture. The box was very carefully cleaned 
out by caustic potash. Extreme care was taken 
(and required) to remove and avoid oil, wax, 
or resin about the exit apertures. The air was 
forced into it by a condensing syringe, and in 
certain cases when I recjuired dry air, four or 
five ounces of cylindeF potassa fitsa were put 
into the box, and the condensed air left in con- 
tact with the substance ten or fifteen minutes. 
The average quantity of air which issued and 
was used in each blast was 150 cubic inches. It 
was very difficult to deprive this air of the 
smell of oil which it acquired in being pumped 
through the condensing S3rringe. 

2130. 1 will speak first of undried common 
air: when such compressed air was let suddenly 

1 Mr. AriQstiiQtiu.has also employed air in imiofa 
laroer quantities. Phttoeophical MaifaHne, 1841, Voi. 
XvIIl, pp« 188| 828. 
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out against the brass or the wood cone (2077), 
it rendered the cone negative, exactly as the 
steam and water had done (2097), This I at- 
tributed to the particles of water suddenly con- 
densed from the expanding and cooled air rub- 
bing against the metal or wood: such particles 
were very visible in the mist that appeared, 
and also by their effect of moistening the sur- 
face of the wood and metal. The electricity 
here excited is quite consistent with that 
evolved by steam and water: but the idea 
of that being due to evaporation (2083) is 
in striking contrast with the actual conden- 
sation here. 

2131. When however common air was let out 
against ice it rendered the ice positive^ again 
and again, and that in alternation with the 
negative effect upon wood and metal. This is 
strongly in accordance with the high positive 
position which has already been assigned to 
water (2107). 

2132. I proceeded to experiment with dry 
air (2129), and found that it was in all cases 
quite incapable of exciting electricity against 
wood or sulphur, or brass, in the form of cones 
(2077, 2097) ; yet if, in the midst of these ex- 
periments, I let out a portion of air immedi- 
ately after its compression, allowing it no time 
to dry, then it rendered the rubbed wood or 
brass negative (2130). This is to me a satis- 
factory proof that in the former case the effect 
was due to the condensed water, and that nei- 
ther air alone nor steam alone can excite these 
bodies, wood, brass, &c., so as to produce the 
effect now under investigation. 

2133. In the next place the box C was at- 
tached to this air apparatus and experiments 
made with different substances introduced into 
it (2108), using common air as the carrying ve- 
hicle. 

2134. With distilled water in C, the metal 
cone was every now and then rendered nega- 
tive, but more frequently no effect was pro- 
duced. The want of a continuous jet of air sadly 
interfered with the proper adjustment of the 
proportion of water to the issuing stream. 

2136. With common water (2090), or a very 
dilute saline solution, or very dilute sulphuric 
acid (2091) or ammonia, I never could obtain 
any traces of electricity. 

2136. With oil of turpentine only in box C, 
the metal cone was rendered positive; but when 
both distilled water and oil of turpentine were 
introduced, the cone was very ind^, 

far more so than before. When sent against ice, 
the ice was made positive* 


2137. In the same manner olive-oil and water 
in C, or resin in alcohol and water in C, ren- 
dered the cone positive, exactly as if these sub- 
stances had been carried forward in their course 
by steam. 

2138. Although the investigation as respects 
the steam stream may here be considered as 
finished, I was induced in connection with the 
subject to try a few experiments with the air 
current and dry powders. Sidphur in powder 
(sublimed) rendered both metal and wood, and 
even the sulphur cone negative, only once did 
it render metal positive. Powdered resin gener- 
ally rendered metal negative, and wood posi- 
tive, but presented irregularities, and often gave 
two stales in the same experiment, first diverging 
the electrometer leaves, and yet at the end 
leaving them uncharged. Gurn gave unsteady 
and double results like the resin. Starch made 
wood negative. Silica, being either very finely 
powdered rock-crystal or that precipitated from 
fluo-silicic acid by water, gave very constant 
and powerful results, but both metal and wood 
were made strongly positive by it, and the silica 
when caught on a wet insulated board and ex- 
amined was found to be negative. 

2139. These experiments with powders give 
rise to two or three observations. In the first 
place the high degree of friction occuriing be- 
tween particles carried forward by steam or 
air was well illustrated by what happened with 
sulphur; it was found driven into the dry box- 
wood cone opposed to it with such force that it 
could not be washed or wiped away, but had to 
be removed by scraping. In the next place, the 
double excitements were very remarkable. In a 
single experiment, the gold-leaves would open 
out very wide at first, and then in an instant 
as suddenly fall, whilst the jet still continued, 
and remain at last either neutral or a very little 
positive or negative: this was particularly the 
case with gum and resin. The fixation upon the 
wood of some of the particles issuing at the be- 
ginning of the blast and the condensation of 
moisture by the expanding air, are circum- 
stances which, with others present, tend to 
cause these variable results. 

2140. Sulphur is nearly constant in its re- 
sults, and silica very constant, yet their states 
are the reverse of those that might have been 
expected. Sulphur in the lump is i-endered neg- 
ative whether rubbed against wood or any of 
the metals which I have tried, and renders 
them positm (2141), yet in the above experi- 
ments it almost always made both negative. 
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WSixAf h tiw forts at » erjmtal, by tifotioD iHtli 
iMxxl asd mstaJs renders them negatm, but 
ai^lied sis above, it constantly made ^lem 
sttmgly positive. There must be some natural 
cause for these changes, which at present can 
only be considered as imperfect results, for I 
have not had time to investigate the subject. 

2141. In illustration of the effect produced 
by steam and water striking against other bod> 
ies, I rubbed these other substances (2099) to< 
gether in pairs to ascertmn their order, which 
was as follows: 


1. Catskin or bearskin 

2. Flannel 
8. Ivory 

4. Quill 

5. Rock-crystal 
^.Flint^ass 
7. Gotten 


8. Linen, canvas 


9. White silk 

10. The hand) 

11. Wood 

12. Lac 

13. Metals — I 

14. Sulphur 


Iron 

Copper 

Brass 

Tin 

Silver 

Platinum 


Any (me of these became negative with the 
substances above, and positive with those be- 
neath it. There are however many exceptions 
to this general statement: thus one part of a 
catskin is very ne^tive to another part, and 
even to rock-crystal : different pieces of flannel 
also differ very much from each othm-. 

21^. The mode of rubbing also makes m 
some cases a great difference, althoi^h it is not 
easy to say why, smce the particles that ac- 
tually rub ought to present the same constant 
difference; a feather struck lightly against dry 
canvas will become strongly negative, and yet 
the same feather drawn with a little pressure 
between the folds of the same canvas will be 
strongly positive, and these i^ects alternate, 
so that it is easy to take away the one state in a 
moment by the degree of friction vddch pro- 
iduces tire other state. When a piece of flannel 
. & halved and the two pieces drawn across each 
the two pieces will have different states 
In^larly, or the same piece will have both 
Slt'fos in different parts, or sometimes both 


pieces wfll be negative; in whiih case, doubt- 
less, air must have bear rendered positive, and 
then dissipated. 

2143. Ivory is remarkable in its condition. It 
is very difficult of excitement by friction with 
the metals, much more so than linen, cotton, 
wood, Ac., which are lower in the scale than it 
(2141), and withal are much better conduc- 
tors, y^ both circumstances would have led to 
the expectation that it would excite better than 
them when rubbed wifh metals. This property 
is probably very influential in giving character 
to it as a non-e«citing steam passage (2102). 

2144. BefoVd ’concluding this paper, Itiwill 
mention, that having used a thin ivory l|ube 
fixed in a cork (2076) for many experini|ntB 
with oil, resin, Ac., it at last took up surilh a 
state as to give not merely a non-exeiting pas- 
sage for the steam, but to exert upon it a nulli- 
fying effect, for the jetof steam and water pass- 
ing through it produced no excitation against 
any of the bodies opposed, as on the former oc- 
casion, to it (2099). The tube was apparently 
quite clean, and was afterwards soaked m al- 
cohol to remove any resin, but it retained this 
peculiar state. 

2145. Finally, I may say that the cause of 
the evolution of electricity by the liberation of 
confined steam is not evaporation; and further, 
being, I believe, friction, it has no effect in pro- 
ducmg, and is not connected mth, the general 
electricity of the atmosphere: also, that as far 
as I have been able to proceed, pure gases, i.e., 
gases not mingled with solid or liquid particles 
do not excite dectricity by friction against 
solid or liquid substances.* 

i Beferencos to papers in the PhUoaophical Mojfh 
(mne, 1840-1843. Armstrong, PhU, Mag.t Vol. XVII, 
pp. 870, 462; VoL XVIII. pp. 60, 133. 328; Vol XIX, 
p. 26; Vol XX, p. 6; Vol xill, p. 1. Pattinson, 
Ha, Mag,, Vol XVII, pp. 375, 457. Schafhaeutl, 
PhU, Mag., Vol XVII, p. 440; Vol XVIII, pp. 14, 
96, 266. I^e also Phaoaophical Magazine, 1843, 
XXlII, i>. 194, for Armstrong's account of the Hy- 
dro-^iectrie Moehina, 
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^ i. Action of Magnets on Light 

2146. I have long held an opinion, almost 
amounting to conviction, in common I believe 
with many other lovers of natural knowledge, 
that the various forms under which the forces 
of matter are made manifest have one common 
origin; or, in other words, are so directly relat- 
ed and mutually dependent, that they are con- 
vertible, as it wel-e, one into another, and pos- 
sess equivalents of power in their action.^ In 
modern times the proofs of their convertibility 
have been accumulated to a very considerable 
extent, and a commencement made of the de- 
termination of their equivalent forces. 

2147. This strong persuasion extended to the 
powers of light, and led, on a former occasion, 
to many exertions, having for their object the 
discovery of the direct relation of light and 


» Philosophical Transactions, 1846, p. 1. 

>The title of this paper has, 1 understand, led 
many to a misapprehension of its contents, and 1 
therefore take the liberty of appending this explana- 
tory noto. Neither accepting nor rejecting the hy- 
pothesis of an ether, or the corpuscular, or any other 
view that may be entertained of the nature of light; 
and, as far as I can see, nothing being really known 
of a ray of light more than of a line of mc^netic or 
electric force, or even of a line of gravitating force, 
except as it and they are manifest in and by sub- 
stances; I believe that in the experiments I describe 
in the paper, light has been magnetically affected, 
i.e., that mat which is magnetic in the forces of mat- 
ter has been affected, anoT in turn has affected that 
which is truly magnetic in the force of light: by the 
term magnetic 1 include here either of the peculiar 
exertions of the power of a magnet, whether it be 
that which is manifest in the magnetic or the dis^ 
magnetic class of bodies. The phrase 'Illumination 
of the lines of magnetic force” has been understood 
to imply that I had rendered them luminous. This 
was not within my thought 1 intended to express 
that the line of magnetic force was illuminated as 
the earth is iUuminated by the sun, or the spider’s 
wob dilumlnated by the astronomer’s lamp. Smploy- 
mg a ray of light, we can tell, by the eyct the direction 
of the zhagnetic lines through a body; and by the 
alterataon of the #ay and jtC optical effect on the eye, 
can see the course^ the lines just as we can see the 
course pf a thiead of itfass, or apy other trmwmnt 
subBtanoe. rendered visible by me light; and is 
^hat I meant by itlumination, as the paper fuhy 
Pbun8.HPe6ambirT5, 1846. M, F. 

• 57, 866, 876. 877, 961. 


electricity, and their mutual action in bodies 
subject jointly to their power;^ but the results 
were negative and were afterwards confirmed^ 
in that respect, by Wartraann.® 

2148. These ineffectual exeilions, and many 
others which were never published, could not 
remove my strong persuasion derived from phil*- 
osophical considerations; and, therefore, I re« 
cently resumed the inquiry by experiment in a, 
most strict and searching manner, and have at 
last succeeded in magnetising and eketrifying a 
ray of lights and in illuminating a magneiic line 
of force. These results, without entering into 
the detail of many unproductive experiments, 

I will describe as briefly and clearly as I can. 

2149. But before I proceed to them, I will 

define the meaning I connect with certain terms 
which I shall have occasion to use: thus, by 
Une of magnetic force^ oi* magnetic line of force^ 
or magnetic curve, I mean that exercise of mag-^ 
netic force whidi is exerted in the lines usually 
called magnetic curves, and which equally ex-* 
ist as passing from or to magnetic poles, or 
forming concentric circles round an electric 
current. By Kne of electric force, I mean the 
force exerted in the lines joining two bodia$» 
acting on each other according to the princif^ 
of static electric induction (1161, &c»), wMc^^ 
may also be either in curved or straight iines,^ 
By a diamagnetic, I mean a body through 
which lines of magnetic force are passing, 
which does not by their action assume thh 
usual magnetic state of iron or loadstone^ . ; 

2150. A ray of light issuing from an Argatul 
lamp, was.polaris^ in a horizontal 
reflexion from a surface of glass, and the 

ized ray passed through a Nichors eye-pieci^i 
revolving on a horizontal axis, so as to be eadlji 
examined by the latter. Between the polarizing 
mirror and the eyepiece two powerful eleetrcH . 
magnetic poles were arranged, being either Ihff 

« PhUoeopkieal Traneaetione^ 1884. 

Anoareto, 961-^965. 

> Afchinei de CJSketriM, U, pp. SSlfHM, , 
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poles of a horseshoe magnet^ or the contrary 
poles of two cylinder magnets; they were sep- 
arated from each other about 2 inches in the 
direction of the line of the ray, and so placed, 
that, if on the same side of the polarized ray, it 
might pass near them; or if on contrary sides, 
it might go between them, its direction being 
always parallel, or nearly so, to the magnetic 
lines of force (2149). After that, any trans- 
parent substance placed between the two poles, 
would have passing through it, both the polar- 
ized ray and the magnetic lines of force at the 
same time and in the same direction. 

2151. Sixteen years ago I published certain 
experiments made upon optical glass,^ and de- 
scribed the formation and general characters 
of one variety of heavy glass, which, from its 
materials, was called silicated borate of lead. It 
was this glass which first gave me the discov- 
ery of the relation between light and magnet- 
ism, and it has power to illustrate it in a degree 
beyond that of any other body; for the sake of 
perspicuity I will first describe the phenomena 
as presented by this substance. 

2152. A piece of this glass, about 2 inches 
square and 0.5 of an inch thick, having flat and 
polished edges, was placed as a diamagnetic 
(2149) between the poles (not as yet magnet- 
ized by the electric current), so that the polar- 
ized ray should pass through its length; the 
glass acted as air, water, or any other indiffer- 
ent mbstance would do; and if the eyepiece 
were previously turned into such a position 
that the polarized ray was extinguished, or 
rather the image produced by it rendered in- 
visible, then the introduction of this glass made 
no alteration in that respect. In this state of 
drcumstances the force of the electro-magnet 
was devdoped, by sending an electric current 
tliFOUgh its coils, and imm^iately the image of 
the lamp-flame became visible, and continued 
so as long as the arrangement continued mag- 
netic. On stopping the electric current, and so 
catzsmg the magnetic force to cease, the light 
instancy disappeared; these phenomena could 
be renewed at pleasure, at any instant of time, 
and upon any occasion, showing a perfect de- 
pimdenoe of cause and effect. 

^ PhUoaophtcal TranaaeUena, 1830, p. 1. I oannot 
resiai the occasion which is thus offered to me of 
mentioning the name of Mr: Anderson, who came to 
me as an assistant in glass experiments, and has 
, learned ever since in the Laboratory of the Koval 
, jmatitution. He has assisted me in all the researenes 
into which I have entered since that time, and to his 
Sim, steadiness^ exactitude, and faithfulness in the 
jMormance of all that has been committed to his 
dmge, I am much indebtiid.HM* F. 


2153. The voltaic current which I used upon 
this occasion, was that of five pair of Grove’s 
construction, and the electro-magnets were of 
such power that the poles would singly sustain 
a weight of from twenty-eight to fifty-six, or 
more, pounds. A person looking for the phe- 
nomenon for the first time would not be able to 
see it with a weak magnet. 

2154. The character of the force thus im- 
pressed upon the diamagnetic is that of rotation; 
for when the image of the lamp-flame has thus 
been rendered visible, revolution of the eye-piece 
to the right or left, more or less, will causa its 
extinction; and the further motion of the eye- 
piece to the one side or other of this posit^n 
will produce the reappearance of the light, ajpd 
that with complementary tints, according (as 
this further motion is to the right- or left-hand. 

2155. When the pole nearest to the observer 
was a marked pole, i.e., the same as the north 
end of a magnetic needle, and the farther pole 
was unmarked, the rotation of the ray was 
right-handed ; for the eye-piece had to be turn- 
ed to the right-hand, or clock fashion, to over- 
take the ray and restore the image to its first 
condition. When the poles were reversed, which 
was instantly done by changing the direction 
of the electric curi-ent, the rotation was chang- 
ed also and became left-handed, the alteration 
being to an equal degree in extent as before. 
The direction was always the same for the same 
line of magnetic force (2149). 

2156. W hen the diamagnetic was placed in 
the numerous other positions, which can easily 
be conceived, about the magnetic poles, results 
were obtained more or less marked in extent, 
and very definite in character, but of which the 
phenomena just described may be considered 
as the chief example: they will be referred to, 
as far as is necessary, hereafter. 

2157. The same phenomena were produced 
in the silicated borate of lead (2161) by the ac- 
tion of a good ordinary steel horseshoe mag- 
net, no electric current being now used. The re- 
sults were feeble, but still sufficient to show the 
perfect identity of action between electro-mag- 
nets and common magnets in this their power 
over light. 

2158. Two magnetic poles were employed 
end-w:ays, i.e., the cores of the electro-magnets 
were hollow iron cylinders, and the ray of po- 
larized light passed along their axes and through 
the diama^etic placed between them; the ef- 
fect was same. 

2159. One magnetic pole oidy was used, that 
being one end of a powerful cylinder el^tro- 
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magnet. When the heavy glass was beyond the 
magnet, being close to it but between the mag- 
net and the polarizing reflector, the rotation 
was in one direction, dependent on the nature 
of the pole; when the diamagnetic was on the 
near side, being close to it but between it and 
the eye, the rotation for the same pole was in 
the contrary direction to what it was before; 
and when the magnetic pole was changed, both 
these directions were changed with it. When 
the heavy glass was placed in a corresponding 
position to the pole, but above or below it, so 
that the magnetic cwrves were no longer passing 
through the glass parallel to the ray of polar- 
ized light, but rather perpendicular to it, then 
no effect was produced. These paiticularities 
may be uncferstood by reference to Fig. f, 
where a and h represent the firat positions of 
the diamagnetic, and c and d the latter posi- 
tions, the course of the ray being marked by 
the dotted line. If also the glass were placed di- 
rectly at the end of the magnet, then no effect 
was produced on a ray passing in the direction 
here described, though it is evident, from what 
has been already said (21 55), that a ray passing 
parallel to the magnetic lines through the glass 
so placed, would have been affected by it. 
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2160. Magnetic lines, then, in passing through 
silicated borate of lead, and a great number of 
other substances (2173), cause these bodies to 
act upon a polarized ray of light when the lines 
are parallel to the ray, or in proportion as they 
are parallel to it: if they are perpendicular to 
the ray, they have no action upon it. They 
give the diamagnetic the power of rotating the 
my; and the law of this action on light is, that 
if a magnetic line of force be going from a north 
pole, or coming from a south pole, along the 
path of a polarized ray coming to the observer, 
it vrill rotate that ray to the righ^hand; or, 
tiiat if such a line of force be coming from a 
north pole, or going from a south pole, it will 
rotate sudi a ray to ibe left-hand. 

2161. If a cork or a cylinder of glass, repre- 
w&ttng tile diamagnetic, be marked at its ends 


with the letters N and S, to represwt the poles 
of a magnet, the line joining these letters may 
be considered as a magnetic line of force; and 
further, if a line be traced round the cylinder 

with arrow-heads on it to rep- 

S j resent direction, as in Fig. iS, 
such a simple model, held up 
before the eye, will express the 
/ / Y whole of the law, and give 
every position and consequence 
, of direction resulting from it. 

^is* 2 If a watch be considered as 

the diamagnetic, the north pole of a magnet 
being imagined against the face, and a south 
pole against the back, then the motion of the 
hand will indicate the direction of rotation 
which a ray of light undergoes by magnetiza- 
tion. 

2162. 1 will now proceed to the different cir- 
cumstances which affect, limit, and define the 
extent and nature of this new power of action 
on light. 

2163. In the first place, the rotation appears 
to be in proportion to the extent of the dia- 
magnetic through which the ray and the mag- 
netic lines pass. I preserved the strength of the 
magnet and the interval between its poles con- 
stant, and then interposed different pieces of 
the same heavy glass (2151) between the poles. 
The greater the extent of the diamagnetic in 
the line of the ray, whether in one, two, or 
three pieces, the greater was the rotation of 
the ray; and, as far as I could judge by these 
first experiments, the amount of rotation was 
exactly proportionate to the extent of diamag- 
netic through which the ray passed. No addi- 
tion or diminution of the heavy glass on the 
side of the course of the ray made any differ- 
ence in the effect of that part through whfch 
the ray passed. 

2164. The power of rotating the ray of light 
increased with the intensity of the magnetic, 
lines of force. This general effect is very easily 
ascertained by the use of electro-magnets; ati4 
within such range of power as I have employ- 
ed, it appears to be Erectly proportionate to 
the intensity of the ma^etic force. 

2165. Other bodies, b^des the heavy glassy 

possess the same power of becoming, under tbe< 
influence of magnetic force, active on 
(2173). When these bodies possess a rdMvO 
power of their own, as is the case with cH of 
turpentine, sugar, tartaric acid, taHratcs^ Sktf., 
the effect of the magnetic force is ti> add Or 

subtract from, their specific 

a« the natural rotation mi tiUi^ 1;^ 
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mftgne&sm.b or left-lmoded <2^1). 

. 2i0d. I ecmld not perceive that this power 
was affected by any degree of motion which I 
was able to communicate to the diamagnetic, 
whilst jointly subject to the action of the mag- 
netism and the light. 

. 21N, The interposition of copper, lead, tin, 
wiver, and other ordinary non-magnetic b^ies 
in the course of the magnetic curves, either be- 
tween the pole and the diamagnetic, or in other 
positions, produced no effect either in kind or 
degree upon the phenomena. 

2I16& Iron frequently affected the results in 
a very considerable degree; but it always ap- 
peared to be, either by altering the direction of 
the magnetic lines, or disposing within itself of 
their force. Thus when the two contrary poles 
were on one side of the polarized ray (2150), 
and the heavy glass in its best position between 
them and in the ray (2152), the bringing of a 
large piece of iron near to tlie glass on the other 
side of the ray, caused the power of the dia- 
magnetic to fall. This was bemuse certain lines 
of magnetic force, which at first passed through 
tha glass parallel to the ray, now crossed the 
^a^ and the ray; the iron giving two contrary 
poles opposite the poles of the magnet, and 
&U8 determining a new course for a certain 
portion of the magnetic power, and that across 
the polarized ray. 

2169. Or if the iron, instead of being applied 
on the opposite side of the glass, were applied 
m the same side with the magnet, either near 
it or in contact with it, then, again, the power 
of the diamagnetic fell, simply because the 
power pf the magnet was diverted from it into 
a pew direction. Tbe^ effects depend much of 

on the intensity and power of the mag- 
Q^^d on the size and softness of the iron. 

2170. The electro-helices (2190) without the 
hioa epres were very feeble in power, and in- 
d^ Jiardly sensible in their effect. With the 
iron pores they were powerful, though no more 
dpiptneily was then passing throu^ the coils 
them before (1071). This shows, in a very sim- 
fh manner, that the phenomena exhibited by 
ii^t under these cireumstances is directly eon- 

with the megni^ic form of force sup- 
ply by the arrangement Another effect which 
ooepn^ illiistratira the amne point. When the 
. ecmtact at ttm voltaic battery is made, and the 
; .8^^ round the electro-magnet, the imr 

. ^iprocluced^by the rotflttimi pf the pdarised 
do^ not rise up to Its .jMl lustre immedi* 
increases for of seconds,. 

f:|p|pafty:.;fcqu|iing jhei:|p»a^.kte^ on 


breaUng the contact, it mnkainstantiy and dh- 
appears apparently at once. The gr^ual rise 
in brightness is due to the tbm wl^h the iron 
core of the magnet requires to evolve all that 
magnetic power which the electric cuirent can 
develop in it; and as the magnetbm rises in in- 
tensity, so does its effect on the light increase 
in power; hence the progressive condition of 
the rotation. 

2171. I cannot as yet find that the heavy 
glass (2151), when in this state, i.e., with mag- 
netic lines of force passing through it, exhibits 
any increased dpgree, or has any specific mag- 
neto-inductive action of the recognized kiild. 1 
have placed it in large quantities, and in dif- 
ferent positions, between magnets and mi^- 
netic needles, having at the time Very delicate 
means of appreciating any difference betw^n 
it and air, but could find none. 

2172. Using water, alcohol, mercury, and 
other fluids contained in very large delicate 
thermometer-shaped vessels, I could not dis- 
cover that any difference in volume occurred 
when the magnetic curves passed through tiiem. 

2173. It is time that I should pass to a con- 
sideration of this power of magnetism over 
light as exercised, not only in the silicated bo- 
rate of lead (2151), but in many other sub- 
stances; and here we perceive, in the first place, 
that if all transparent bodies possess the power 
of exhibiting the action, they have it in very 
different degrees, and that up to this time 
there are some that have not shown it at all. 

2174. Next, we may observe that bodies 
which are exceedingly different to each other in 
chemical, physical, and mechanical properties, 
develop this effect; for solids and liquids, acids, 
alkalies, oils, water, alcohol, ether, all possess 
the power. 

2175. And lastly, we may observe, that in 
all of them, though the degree of action may 
differ, still it is always l^e same in kind, being 
a rotative power over the ray of light; and fur* 
ther, the direction of the rotation is^ in every 
case, independent of the nature or state of the 
substance, and dependent upon the direction 
of the magnetic line of force, according to the 
law before laid down (2160). 

2176. Amongst the substances in which this 
power of action is found, I have already dis- 
tinguished tioB dUc(hioraie of {ead:(2151) ^ 
eminently fitted for the purpose of exhibiting 
the phenomena. I regret that it should be the 
best, dnee it isnbt Gtely to be in thejxissesidoti 
of many, and few will beindneed^^to^ 



trouble of preparing it. If made, it should be 
well annealed, for otherwise the pieces will have 
considerable power of depolarizing light, and 
then the particular phenomena under consid- 
eration are much less strikingly observed. The 
h&rcde however, is a substance much 

more fusible, softening at the heat of boiling 
oil, and therefore far more easily prepared in 
the form of glass plates and annealed; and it 
possesses as much magneto-rotative power over 
light as the silico-borate itself. Flinirgltm ex- 
hibits the property, but in a less degree than 
the substances above. Crown-glass shows it, 
but in a still smaller degree. 

2177. Whilst employing crystalline bodies as 
diamagnetics, I generally gave them that posi- 
tion in which they did not affect the polarized 
ray, and then induced the magnetic curves 
through them. As a class, they seemed to resist 
the assumption of the rotating state. Rock-salt 
mA fluor-spar gave evidence of the power in a 
slight degree; and I think that a crystal of 
alum did the same, but its ray length in the 
transparent part was so small that I could not 
ascertain the fact decisively. Two specimens of 
transparent fluor, lent me by Mr. Tennant, 
gave the effect. 

2178. Rock-crystal, 4 inches across, gave no 
indications of action on the ray; neither did 
smaller crystals, nor cubes about three-fourths 
of an inch in the side, which were so cut as to 
have two of their faces perpendicular to the 
axis of the crystal (1692, 1693), though they 
were examined in every direction. 

2179. Iceland spar exhibited no eagns of ef- 
fect, either in the form of rhomboids, or of 
cub^ like those just described (1695). 

2180. Sidphate of baryta, stdphcde of lime, 
and carbonate of soda, were also without action 
on the light. 

2181. A piece of fine clear ice gave me no ef- 
fect. I cannot however say there is none, for 
the effect of water in the same mass would be 
very smiUl, and the irregularity of the flattened 
surface from the fusion of the ice and flow of 
water, made the observation very difficult. 

2182. With some degree of curiosity and hope, 
I put gold-leal into the magnetic lines, but 
could perceive no effect. Considering tite ex- 
tremely 81^1 dimenidons of the len^ of the 
path of the polarized ray in it, any positive re^ 
suit was hardly to be expected. 

2183. In expmiments with liquids, a very 

good nMukl of ebserving the effect is to en* 
chiise ilhem in botties from to 3 or 4 indies 
in dkiinetiiir; ^ ^ 


tcjify 

tween the magaelfe pcto (2130), and brindrig 
the analysing eye-pleee so neat to the faottib 
that, by adjustment of the latter, its eyiin^i^ 
cal form may cause a diffuse but useful image 
of the lamp-flame to be seen through it; the 
light of this image is easily distinguished from 
that which passes by irregular refraction 
throu^ the striss and deformations of the 
glass, and the phenomena being looked for in 
this fight are easily seen. 

2184. Water, alcohol, and ether, all diow ttie 
effect; water most, alcohol less, and ether the. 
least. All the fixed oils which I have tried, in- 
cluding almond, castor, olive, poppy, lins^, 
sperm, olein from hog’s lard, and distilled ree*. 
in oil, produce it. The essential oils of turpen- 
tine, bitter almonds, spike lavender, lavender; 
jessamine, cloves, and laurel, produce it. Also 
naphtha of various kinds, melted spermaceti, 
fused sulphur, chloride of sulphur, chloride of 
arsenic, and every other liquid substance whidi 
I had at hand and could submit in sufficient 
bulk to experiment. 

2185. Of aqueous solutions I tried 150 or 
more, including the soluble acids, alkalies and 
salts, with sugar, gum, &c., the list of whicii 
would be too long to give here, since the great 
conclusion was that the exceeding diversity of 
substance caused no exception to the general 
result, for all the bodies showed the property.^ 
It is indeed more than probable, that in all 
these cases the water and not the other sub^ 
stance present was the ruling matter. The some 
general result was obtained with alcoholic so- 
lutions. 

2186. Proceeding from liquids to air and gas- 
eous bodies, I have here to state that, as yet, I 
have not been able to detect the exercise of this 
power in any one of the substances in this class; 
I have tri^ the experiment with bottles 4 
inches in diameter, and the following ^uses; 
oxygen, nitrogen, hydrogen, nitrous oxide, oto4 
fiant gas, sulphurous acid, muriatic acid, eajp- 
bonic acid, carbonic oxide, ammonia, sulphuiv 
etted hydrogen, and bromine vapour, at ordi^ 
nary temp^atures; but they all gave negsti'v4 
results. With air, tlte trial been carried^b^ 
another form of apparatus, to a muxflr hi^^. 
degree, but still ineffectually (2212). 

2187. Before dismissing the consideratimiol 
the substances which exhibited this power, anid 
in reference to those in which it was superior 
duced upon bodies possessing, naturally, rotan 
tive forae (2165, 2231), I may record, the 
fdikriirib^ are tim substapees suMl^ 
peskmA: castor oil, resin oil, oil of 
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e^der, of laurel, Canada balsam, alcoholic so- 
hition of eampW, alcoholic solution of cam- 
phor and corrosive sublimate, aqueous solu- 
tions of sugar, tartaric acid, tartrate of soda, 
tartrate of potassa and antimony, tartaric and 
boracic acid, and sulphate of nickel, which ro- 
tated to the right-hand ; copaiba balsam, which 
rotated the ray to the left-hand; and two spec- 
imens of camphene or oil of turpentine, in one 
of which the rotation was to the right-hand, 
and in the other to the left. In all these cases, 
as already said (2165), the superinduced mag- 
netic rotation was according to the general law 
(2160), and without reference to the previous 
power of the body. 

2188. Camphor being melted in a tube about 
an inch in diameter, exhibited hi^ natural ro- 
tative force, but I could not discover that the 
magnetic curves induced additional force in it. 
It may be, however, that the shortness of tlie 
ray length and the quantity of coloured light 
left, even when the eye-piece was adjusted to 
the most favourable position for darkening the 
image produced by the naturally rotated ray, 
rendered the small magneto-power of the cam- 
phor insensible. 

If ii. Action of Electric Currents on Light 

2189. From a consideration of the nature and 
position of the lines of magnetic and electric 
fmce, and the relation of a magnet to a current 
of electricity, it appeared almost certain that 
an electric current would give the same result 
of action on light as a magnet ; and, in the helix, 
would supply a form of apparatus in which great 
lengths of diamagnetics, and especially of such 
bo(hes as appeared to be but little aifected 
between the poles of the magnet, might be sub- 
mitted to examination and their effect exalted: 
this expectation was, by experiment, realised* 

2190. Helices of copper wire were employed, 
three of which I will refer to. The first, or long 
hslix^ was 0.4 of an inch internal diameter; the 
wire was 0.03 of an inch in diameter, and having 
gone round the axis from one end of the helix to 

other, then returned in the same manner, 
forming a coU 65 inches long, double in its 
whole extent, and containing 1240 feet of wire. 

2191. The second, or medium helix, is 19 
inches long, 1.87 inch intemal diameter, and 3 
in^es external diame^. The wire is 0.2 of an 
inch in diameter, and 80 feet in length, being 
disposed in the coil as two concentric spirals. 
The ^eetiic current, in passing throng it, is 
wt dt^edf bpt traverses the whole length of 


2192. The third, or WooltpichheliXf was made 
under my instruction for the use of lieut.- 
Colonel Sabine’s establishment at Woolwidi. 
It is 26.5 inches long, 2.5 inches internal diam- 
eter, and 4.75 inches external diameter. The 
wire is 0.17 of an inch in diameter, and 501 feet 
in length. It is disposed in the coil in four con- 
centric spirals connected end to end, so that 
the whole of the electric current employed 
passes through all the wire. 

2193. The long helix (2190) acted very feebly 
on a magnetic needle placed at a little distance 
from it; the pedium helix (2191) acted more 
powerfully, and the Woolwich helix (21^) very 
strongly ; the same battery of ten pairs of G|rt)ve ’s 
plate being employed in all cases. 

2194. Solid bodies were easily subjected to 
the action of these electro-helices, teing for 
that purpose merely cut into the form of bars 
or prisms with flat and polished ends, and then 
introduced as cores into the helices. For the 
purpose of submitting liquid bodies to the same 
action, tubes of glass were provided, furnished 
at the ends with caps; the cylindrical part of 
the cap was brass, and had a tubular aperture 
for the introduction of the liquids, but the end 
was a flat glass plate. W’hen the tube was in- 
tended to contain aqueous fluids, the. plates 
were attached to the caps, and the caps to the 
tube by Canada balsam; when the tube had to 
contain alcohol, ether or essential oils, a thick 
mixture of powdered gum with a little waiter 
was employed as the cement. 

2195. The general effect produced by this 

form of apparatus may be stated as follows: 
the tube within the long helix (2190) was filEed 
with distilled water and placed in the line of tpe 
polarized ray, so that by examination through 
the eye-piece (2150), the image of the lamip- 
flame produced by the ray could be seen through 
it. Then the eyepiece was turned until the im- 
age of the flame disappeared, and, afterwarc^S} 
the current of ten pairs of plates sent through 
the helix; instantly the image of the flame ire- 
appeared, and continued as long as the eKc- 
tric current was passing through the helix; Ion 
stopping the current the image disappeaifed. 
The light did not rise up gradually, in 
case of electro-magnets (2170), bufi^ jnstaiAly. 
These results could be prefaced at pleasur|. In 
this experiment we may, I think, justlyj say 
that a ray of light is electrified and the elf ctric 
forces illuminated. / 

2196. The phenomena may be made niore 
striking, by t^e adjustment of a lens di toiV 
focus l^tween the tube and the polaiiriijiginir* 
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Tor, or one of short focus between tiie tube and 
the eye; and where the helix, or the battery, or 
the substance experimented with, is feeble in 
power, such means offer assistance in working 
out the effects: but after a little experience, 
they are easily dispensed with, and are only 
useful as accessoiies in doubtful cases. 

2197. In cases where the effect is feeble, it is 
more eaialy perceived if the Nichol eyepiece 
be adjusted, not to the perfect extinction of 
the ray, but a little short of or beyond that po- 
sition; so that the image of the flame may be 
but just visible. Then, on the exertion of the 
power of the electric current, the light is either 
increased in intensity, or else diminislied, or 
extinguished, or even re-illuminated on the 
other side of the dark condition ; and this change 
is more easily perceived than if the eye began 
to observe from a state of utter darkness. Such 
a mode of observing also assists in demonstrat- 
ing the rotatory character of the action on 
light; for, if the light be made visible befoi‘e- 
hand by tbe motion of the eyepiece in one di- 
rection, and the power of the current be to in- 
crease that light, an instant only suffices, after 
stopping the current, to move the eye-piece in 
the other direction until the light is apparent 
as at fimt, and then the power of the current 
will be to diminish it; the tints of the lights be- 
ing affected also at the same time. 

2198. When the current was sent round the 
helix in one direction, the rotation induced up- 
on the ray of light was one way; and when the 
current was changed to the contrary direction, 
the rotation was the other way. In order to ex- 
press the direction, I will assume, as is usually 
done, that the current passes from the zinc 
through the acid to the platinum in the same 
cell (663, 667, 1627) : if such a current pass un- 
der the ray towards the right, upwards on its 
right side, and over the ray towards the left, it 
will give left-handed rotation to it; or, if the 
current pass over the ray to the right, down on 
the right rfde, and under it towards the left, it 
will induce it to rotate to the right-hand. 

2199. The law, therefore, by which an elec- 
tric current acts on a ray of light is easily ex- 
pressed. When an electric current passes round 
a ray of polamed light in a plane perpendicu- 
lar to the ray, it causes the ray to revolve on 
its axis, as long as it is under the influence of 
the current, in the same directian as that in 
which the current is pasesng. 

2200. The min^dicity of this law, and its iden- 
tity with that given before, as expressing ^ 
eetion of magnetism on light (2160) , » very 
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beautiful. A model is not wanted to assist the 
memory; but if that already described (2151) 
be looked at, the line round it will express at 
the same time the direction both of the current 
and the rotation. It will indeed do much more; 
for if the cylinder be considered as a piece of 
iron, and not a piece of glass or other diamag- 
netic, placed between the two poles N and S, 
then the line round it will represent the direc- 
tion of the currents, which, according to Am- 
p^re^s theory, are moving round its particles; 
or if it be considered as a core of iron (in place 
of a core of water), having an electric current 
running round it in the direction of the line, it 
will also represent such a magnet as would be 
formed if it were placed between the poles 
whose marks are affixed to its ends. 

2201 . 1 Avill now notice ceitain points respect- 
ing the degree of this action under different 
circumstances. Ry using a tube of water (2194) 
as long as the helix, but placing it so that more 
or less of the tube prajected at either end of the 
helix, I was able, in some degree, to ascertain 
the effect of length of the diamagnetic, the 
force of the helix and current remaining the 
same. The greater the column of water sub- 
jected to the action of the helix, the greater 
was the rotation of the polarized ray; and the 
amount of rotation seemed to be directly pro- 
portionate to the length of fluid round which 
the electric current passed. 

2202. A short tube of water, or a piece of 
heavy glass, being placed in the axis of tiie 
Woolwich helix (2192) , seemed to produce equal 
effect on the ray of light, whether it were in the 
middle of the helix or at either end; provided 
it was always within the helix and in the line of 
the axis. From this it would appear that every 
part of the helix has the same effect; and, that 
by using long helices, substances may be sub- 
mitted to this kind of examination which could 
not be placed in sufficient length between the 
poles of magnets (2150). 

2203. A tube of water as long as the Wool- 
wich helix (2192), but only 0.4 of an inch in 
diameter, was placed in the helix parallel to 
the axis, but sometimes in the axis and sothe- 
times near the side. No apparent difference 
was produced in these different situations; anid 
I am inclined to believe (without bding quSte 
sure) that the action on the ray is the satx^, 
wherever the tube is placed, within the hdbq 
in relation to the axis. Thesame result was ob- 
tained when a larger tube of water was looked 
through, whether the ray passed through the 
axis of the helix and tube, or near the 
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2804. If bodies be introduced into tibe bdix 
IKMeesding^ naturally^ rotating force, then the 
rotating power given by the dectric current is 
i^perinduced upon them, exactly as in the 
cases already described of magnetic action 
(2166, 2187). 

2206. A helix, 20 inches long and 0.3 of an 
inch in diameter, was made of uncovered cop- 
per wire, 0.05 of an inch in diameter, in close 
spirals. This was placed in a large tube of wa- 
ter, so that the fluid, both in the inside and at 
tiie outside of the helix, could be examined by 
the polarised ray. When the current was sent 
ihf&ugih the helix, the watei* within it received 
rotating power ; but no trace of such an action on 
the light was seen on the outside of the helix, even 
in the line most close to the uncovered wire. 

2^6. The water was enclosed in brass and 
" copj^r tubes, but this alteration caused not 
slightest change in the effect. 

2207. The water in the brass tube was put 
in[to an iron tube, much longer than either the 
Woolwich heUx or the brass tube, and quite 
one-eighth of an inch thick in the side; yet when 
placed in the W^oolwich helix (2192), the water 
rotated the ray of light apparently as well as 
before. 

2208. An iron bar, 1 inch square and longer 
than tiie helix, was put into the helix, and the 
emidl water tube (2203) upon it. The water ex- 
erted as much action on the light as before. 

2209. Thiee iron tubes, each 27 inches long 
and one-eighth of an inch in thickness in the 
skio, were selected of sudi diameters as to pass 
easUy one into the other, and the whole into 
(he. Woolwich helix /2192). The smaller one 

supplied with glass ends and filled with 
water; and being placed in the axis of the Woob 
itieh ^lix, had a ceitain amount of rotating 
pcpwer over the polarized ray. The second tube 
w^.iben placed over this, so that there was 
ncnv a tia<^eB8 of iron equal to two-ei^ths of 
an inch between the water and the helix; the 
,wate)r bad more power of rotation than before. 
On p^ing the ^lird tube of iron over the two 
tomosTf, the power of tim water /eU, but was 
still vmy ccu^erable. These results are com- 
being depend^t on the new 
tim wldch the diaraeter of iron gives to its ac- 
on the forces Up to a certam amount, by 
inmoadng thedevdopment of magnetic forces, 
; i%heUx and core, produce moreased 

on the water; but on the addition of 
T n^i^iron and thedisposalof the forces throMgh 
aistion is removed in part from the wa- 


2210. Pieces of hea]^ glass f2l6Jlh placed in 
iron tubes in the helices, produced similar eb 
fects. 

2211. The bodies which were submitted to 
the action of an electric current in a helix, in 
the manner already described, were as follows : 
heavy glass (2161, 2176), water, solution of 
sulphate of soda, solution of tartaric acid, al- 
cohol, ether, and oil of turpentine; all of which 
were affected, and acted on light exactly in the 
manner described in relation to magnetic ac- 
tion (2173). 

2212. 1 submitted air to the influence of t^ese 
helices carefully and anxiously, but couldSjjtiot 
discover any trace of action on the polarn^ 
ray of light. I put the long helix (2190) into !^e 
other two (2191, 2192), and combined them ^11 
into one consistent series, so as to accumulate 
power, but could not observe any effect o!f 
them on light passing through air. 

2213. In the use of helices, it is necessary to 
be aware of one effect, which might otherwise 
cause confusion and trouble. At first, the wire 
of the long helix (2190) was wound directly up- 
on the thin glass tube which served to contain 
the fluid. When the electric current passed 
through the helix it raised the temperatoe of 
the metal, and that gradually raised the tem- 
perature of the glass and the film of water in 
contact with it, and so the cylinder of water, 
warmer at its surface than its axis, acted as a 
lens, gathering and sending rays of light to the 
eye, and continuing to act for a time after the 
current was stopp^. By separating the tube 
of water from the helix, and by other precau- 
tions, this source of confusion is easily avoided. 

2214. Another point of which the experi- 
menter should be aware is the difficulty, and 
almost impossibility, of obtaining a piece of 
glass which, especially after it is cut, does not 
depolarize light. When it does depolarize, dif- 
ference of position makes an immense differ- 
ence in the appearanee.'By always referring to 
the parts tiiat do not depolarize, as the black 
cross, for instance, and by brining the eye as 
near as may be to the glass, this difficulty is 
more or less overcome. 

2215. For the sake of suppls^g a g^eral in- 

dication of the amount of this indued rotating 
force in two or three bodies, and without any 
pretence of offerkg correct ^numbeis, I wffi 
give, generally, the result of , a few at^mpts to 
measure the force, and compare it with the 
natural powM of a?s^pedmsmk 43i oil of turpen^r 
tine. A vocy wtiii ^ 
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plo^redi with w mutonl ilurtaiioe britweeh its 
poles 2^ indies. In this iq^ace wias {rfaoed 
different substances; the amount of rotation of 
the eyepiece observed several times and the 
average taken, as expressing the rotation for 
the ray length of substance used. But as the 
substances were of diff^nt dimensions, the 
ray lengths were, by calculation, corrected to 
one standard len^h, upon the assumption that 
the power was proportionate to this length 
(2163). The oil of turpentine was of course ob- 
served in its natural state, i.e., without mag* 
netic action. Making water 1, the numbers 
were as follows: 

Oil of turpentine . . 11.8 

Heavy glass (2151) . 6.0 

Flint-glass .... 2.8 

Rock-salt .... 2.2 

Water 1.0 

Alcohol less than water 

Ether less than alcohol 

2216. In relation to the action of magnetic 
and electric forces on light, I consider, that to 
know the conditions under which there is no 
apparent action, is to add to our knowledge of 
their mutual relations; and will, therefore, very 
briefly state how I have lately combined these 
forces, obtaining no apparent result (955)* 

2217. Heavy glass,' flint-glass, rock crystal, 
Iceland spar, oil of turpentine, and air, had a 
polarized ray passed through them; and, at the 
same time, lines of electro-static tension (2149) 
were, by means of coatings, the Leyden jar, 
and the electric machine, directed across the 
bodies, parallel to the polarized ray, and per- 
pendicular to it, both in and across the plane 
of polarization; but without any visible effect. 
The tension of a rapidly recurring, induced sec- 
ondary current, was also directed upon the 
same bodies and upon water (as an electrolyte), 
but with the same negative result. 

2218. A polarized ray, powerful magnetic 
lines of force, and the electric lines of force 
(2149) just described, were combined in var- 
ious directions in their action cm heavy g^aas 
(2151, 2176), but with no other result than 
tiiat due to mutual action of the magnetic 
lines of light, already described in this paper. 

2219. A polarised ray and eleotriq cuimits 
were oombhied m every possible way kc ctec- 
trolytes (961-954). The substances used were 
distilled water, solution of sugar, dilute sul^ 
phuric acid, solution of sulphate oLsoda, tudng 
plathuun electtedes; ami solution of mdi^te 
^ copper, usii%;oo{:gier«lectitKM 

was 8^ idong the ray, and perpendteuliurte it 


m t^d 

er; tbe^ray was made to rotate, by altering tiiui 
position of the pedarising mirror, thatihe plfme 
of pdarization might be varied; the current 
was used as a continuous current, as a rapidly 
intermitting current, and as a rapidly altei> 
nating double current of induction; but in no 
case was any trace of action perceived. 

2220. Lastly, a ray of polarized light, elec- 
tric currents, and magnetic lines of force, were 
directed in every possible way through dilute 
sulphuric acid and solution of sulphate of soda, 
but still With negative results, except in those 
positions where the phenomena already de- 
scribed were produced. In one arrangement, 
the current passed in the direction of radii from 
a central to a circumferential electrode, the 
contrary magnetic poles being placed above 
and below; and the arrangements were so good 
that when the electric current was passing, the 
fluid rapidly rotated; but a polarii^ ray sent 
horizontally across this arrangement was not 
at all affected. Also, when the ray was sent 
vertically through it, and the eye-piece moved 
to correspond to the rotation impressed upon 
the ray in this position by the magnetic curves 
alone, the superinduction of the passage of the 
electric current made not the least differmice 
in the effect upon the ray. 

f iii. General Cansideratwns 

2221. Thus is established, I think for the. 
first time/ a true, direct relation and depend^ 
ence between light and the magnetic and deo^ 
trie forces; and thus a great addition made to 
the facts and considerations which tend to prove 
that fdl natural forces are tied together, and 
have one common origin (2146) . It is, no doubt, 
difficult in the present state of our knowledge 
to express our expectation in exact terms; and, 
though I have said that another of the poweiia . 

1 1 sav, for the first time, bew^use I do not think 
that the experiments of Morriihini on the prodiiil^ 
tioft of magnetism by the rays at the violet ead m 
the speetrmn prove any such relation. When ki 
Rome with 8ir H. Davy in the month of May 1814, 
1 spent several hours at the house of Morriefaiai, 
working with his apparatus and- under his directiOna, 
but could not succeed in magnetising a needle, J. 
have no ooUfidence in the effect as a direct result of 
the action of the sun's rays; but think that when it 
h^ Oeeumd it has been secondary, incidentaliLSM' 
jrerhapi. even accidental; a result that wiR 
happen a needle that was prSservt^ dut^ngllkl' 

whole experhpent in a north and soutih poSitiisu-'- f , 

January 2, 1846. I should not have written 
the first tune" as above, if I had remembered Mr; 
Christie's eiperiments and papers on the "Influenoe 
of the Solar Bays on Magnets," commiuitoated in 
tte FkitoeopMoS Tianeadmrie for iSfifi, p. 219, Msd 
1628, p. 879.— M. F. 
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of future iSy in tiiese experiments^ directly re* 
lated toihe rest, i ought, perhaps, rather tosay 
that another form of the great power is dis* 
tinctiy and directly related to the other forms; 
or, the great power manifested by partio*^ 
ular phenomena in particular forms, is here 
further identified and recognized, by the direct 
relation of its form of light to its forms of eleo 
tricity and magnetism. 

2222. The relation existing between polarized 
light and magnetism and electricity, is even 
more interesting than if it had been shown to 
exist with common light only. It cannot but 
extend to common light; and, as it belongs to 
light made, in a certain respect, more precise 
in its character and properties by polarization, 

. it collates and connects it with these powers, 
in that duality of character which they pos- 
sess, and yields an opening, which before was 
wanting to us, for the appliance of these pow- 
ers to the investigation of the nature of this 
and other radiant agencies. 

2223. Referring to the conventional distinc- 
tion before made (2149), it may be again stated 
that it is the magnetic lines of force only which 
are effectual on the rays of light, and they only 
(in appearance) when parallel to the ray of 
light, or as they tend to parallelism with it. As, 
in reference to matter not magnetic after the 
manner of iron, the phenomena of electric in- 
duction and electrolyzation show a vast su- 
periority in the energy with which electric 
forces can act as compared to magnetic forces, 
so here, in another direction and in the peculiar 
and correspondent effects which belong to mag- 
netic forces, they are ^own, in turn, to possess 
great superiority, and to have their full equiv- 
alent of action on the sanie kind of matter. 

2224. The magnetic forces do not act on the 
ray of light directly and without the interven- 
tion of matter, but through the mediation of 
the substance in which they and the ray have a 
timultaneous existence; the substances and 
forces giving to and receiving from each other 
the power of acting on the light. This is shown 
by lhe non-action of a vacuum, of air or gases; 
ai^ it is also further shown by the special de- 
gree in which diffeient matters possess the 
IKToperty. That magnetic force acts upon the 
ray of li^t al^ys with the same character of 
xpanner and in the same direction, independ-* 
ent of the (fifferent varieties of substance, or 

states, of eoiid or liquid, or their spedfio 
l^pt^ve fof^ (2232), shows that the maf^^le 
1^ imd the lyit ^ve,# direct relatidp: hut 

substances are hecesmy, and that the^ 


act in different degrees,. Aows that the magr 
netism and the light acton each other throii^ 
the intervention of the matter. 

2225. Recognizing or perceiving medteroiAy 
by its powers, and Imowmg nothing of any im- 
aginary nucleus, abstract from the idea of these 
powers^ the phenomena described in this paper 
much stren^en my inclination to trust in the 
views I have on a former occasion advanced in 
reference to its nature.^ 

2226. It cannot be doubted that the mag- 
netic forces act upon and affect the internal 
constitution of the diamagnetic, just as freely 
in the dark as'^^en a ray of light is passing 
through it ; though the phenomena produced \by 
light seem, as yet, to present the only means\^f 
observing this constitution and the change. 
Further, any such change as this must belong 
to opaque bodies, such as wood, stone, and 
metal; for as diamagnetics, there is no distinc- 
tion between them and those which are trans- 
parent. The degree of transparency can at the 
utmost, in this respect, only make a distinction 
between the individuals of a class. 

2227. If the magnetic forces had made these 
bodies magnets, we could, by light, have exam^ 
ined a transparent magnet; and that would 
have been a great help to our investigation of 
the forces of matter. But it does not make them 
magnets (2171), and therefore the molecular 
condition of these bodies, when in the state de- 
scribed, must be specifically distinct from that 
of magnetized iron, or other such matter, and 
must be a new magnetic condition; and as the 
condition is a state of tension (manifested by 
its instantaneous return to the normal state 
when the magnetic induction is removed), so 
the/pfce which the matter in this state possesses 
and its mode of action, must be to us a new 
magnetic force or mode of action of matter. 

2228. For it is impossible, I tiiink, to observe 
and see the action of magnetic forces, rising in 
intensity, upon a piece of heavy glass or a tube 
of water, without also perceiving that the latter 
acquire properties which are not only new to 
the substance, but are also in subjection to very 
definite and precise laws (2160, 2199), and are 
equivalentin proportion to the magnetic forces 
pro^cing them. 

2229. Perhaps this state isa state of dedrk 
tension tending to a current; as in magnets, ac- 
eording to Ampere’s theory, the state is a state 
of 'Current When a core of iron is put into a 
helix, everything leads us to believe tiiatcur- 
renteofdekrioityareprodueed within it, which 

p. eao-Mfit. 



N&v. 1845 

rotate or move in a plane perpendicular to the 
axis of the helix. If a diamagnetic be placed in 
the same position^ it acquires power to make 
li^t rotate in the same plane. The state it has 
received is a state of tension^ but it has not 
passed on into currents, though the acting 
force and every other circumstance and condi- 
tion are the same as those which do produce 
currents in iron, nickel, cobalt, and such other 
matters as are fitted to receive them. Hence 
the idea that there exists in diamagnetics, un- 
der such circumstances, a tendency to currents, 
is consistent with all the phenomena as yet de- 
scribed, and is further strengthened by the 
fact, that, leaving the loadstone or the electric 
current, which by inductive action is rendering 
a piece of iron, nickel, or cobalt magnetic, per- 
fectly unchanged, a mere change of tempera- 
ture will take from these bodies their extra 
power, and make them pass into the common 
class of diamagnetics. 

2230. The present is, I believe, the first time 
that the molecular condition of a body, re- 
quired to produce the circular polarization of 
light, has been artificially given ; and it is there- 
fore very interesting to consider this known 
state and condition of the body, comparing it 
with the relatively unknown state of those 
which possess the power naturally: especially 
as some of the latter rotate to the right-hand 
and others to the left; and, as in the cases of 
quartz and oil of turpentine, the same body 
chemically speaking, being in the latter in- 
stance a liquid with particles free to move, pre- 
sents different specimens, some rotating one 
way and some the other, 

2231. At first one would be inclined to con- 
clude that the natural state and the state con- 
ferred by magnetic and electric forces must be 
the same, since the effect is the same; but on 
further consideration it seems very difficult to 
come to such a conclusion. Oil of turpentine 
will rotate a ray of light, the power depending 
upon its particles and not upon the arrange- 
ment of the mass. Whichever way a ray of po- 
larized light passes through this fluid, it is ro- 
tated in the same manner; and ra^ passing in 
every possible direction through it mmuUane- 
^ly are all rotated with equal force and ac- 
cording to one common law of direction; i.e., 
either all right-handed or else all to the left. 
Not so with the rotation superinduced on the 

oil of turpentine by the magnetic or elec* 
forces: it esdsts only in one direction, i;e., 
^ a plane peipendficulaf to the magnetic liim; 


and being limited to this plane, it can be 
changed in direction by a reversal of the direo* 
tibn of the inducing force. The direction of the 
rotation produced by the natural state is omi- 
nected invariably with the direction of the my 
of light; but the power to produce it appears to 
be possessed in every direction and at ail times 
by the particles of the fluid: the direction of 
the rotation produced by the induced condi- 
tion is connected invariably with the direction 
of the magnetic line or the electric current, and 
the condition is possessed by the particle of 
matter, but strictly limited by the line or the 
current, changing and disappearing with it. 

2232. Let m, in Fig. S, represent a glass ccU 
filled with oil of turpentine, possessing natural- 
ly the power of producing right-hand rotation, 
and a 6 a polarized ray of light. If the ray pro- 
ceed from a to 6, and 
the eye be placed at 
6, the rotation will 
be right-handed, or 
according to the di- 
rection expressed by 
the arrow-heads on 
the circle c; if the 
ray proceed from b 
to a, and the eye be 
plac^ at a, the rota- 
tion will still beright- 
handed to the obeer^ 
ver, i.e., according to 
the direction indicated on the circle d. Let now 
an electric current pass round the oil of tur- 
pentine in the direction indicated on the circle 
c, or magnetic poles be placed so as to produce 
the same effect (2155); the particles will ac- 
quire a further rotative force (which no mo- 
tion amongst themselves will disturb), and a 
ray coming from a to 6 will be seen by an eye 
placed at b to rotate to the right-hand more 
than before, or in the direction on the circle c; 
but pass a ray from 6 to a, and observe with 
the eye at a, and the phenomenon is no longer 
the same as before; for instead of the new rota- 
tion being according to the direction indicated 
on the circle d, it will be in the contrary direc* 
tion, or to the observer’s left-hand (2199). In 
fact the induced rotation will be added to tile 
natural rotation as respects a ray pasting fn^ 
a tb 5, but it will be subtracted from tl^ nat- 
ural rotation as regards the ray pasting fr&m b 
to a. Hence the particles of thk fluid ri^ 

tate by virtue of their natural fort^, and 
yrhick rotate by virtt^ of the induced 

be in the saine condition. - 
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.2283. Afiiespecte tb^poit^of tuiv 

pittiliiie ix) roitate a ray in whatever direction it 
is passing throu^ the liquid^ it may well be 
that thon^ all the particles possess the power 
of rotating the li^t, only those whose planes 
of rotation are more or less perpendicular to 
the ray affect it; and that it is the resultant or 
sum of forces in any one direction which is ac* 
thre in producing rotation. But even then a 
striking difference remains, because the result- 
ant in the same plane is not absolute in direc- 
tton, but rdative to the course of the ray, being 
in the one case as the circle c, and in the other 
as the circle d, Fig, 3; whereas the resultant of 
the magnetic or dectric induction is absolute, 
and not changing with the course of the ray, 

' being always either as expressed by c or else as 
indicated by d, 

/ 2284. All these differences, however, will 
doubtless disappear or come into harmony aa 
these investigations are extended; and their 
veiy existence opens so many paths, by which 
we may pursue our inquiries, more and more 
ck»ply, into the powers and constitution of 
matter. 

2235. Bodies having rotating power of them- 
selves, do not seem by that to have a greater 
or a less tendency to assume a further degree of 
the same force under the influence of magnetic 
or electric power. 

2236, Were it not for these and other differ- 
anoes, we might see an analogy between those 
bodies, which possess at all times the rotating 
power, as a specimen of quartz which rotates 
only in one plane, and also thocse to which the 
power is given by the induction of other forces, 
m a prism of heavy ^ass in a helix, on the one 
bai|d<;andt on the other, a natural magnet and 
a thiough which the current is passing. 
Thenaturalconditionof theniagnetand quartz, 
and the constrained condition of the helix and 
heavy glass, form the link of the analogy in one 
direction; whilst the suppositicm of cuirents 
^daring in the magnet imd helix, and only a 
hendenoy or tension to currents existing in the 
qiuaiia and heavy i^ass, supplks the link in the 
Itcansverse dtrectkntr 

, 2237. As to Ihose bodies adiich seem as yet 
to give no incBcatkm of the power over li|^t, 
and ther^me none of the assumption of the 
new magnetlO' condiliox^ these may be di vid- 
v ^ed lotto twodbss^ the oneinduding air, gases 
vapoine, and the otb^ crystal, Ice- 
/ and certain other crystalline bodies. 

the latter dass# 1 diall i^ye, in die 
sezieB of these iMi^obee» proofs drawn 


from f>hmi(«nmia of ran mitiidy 
that they do atsquire the new magnetic condi« 
tion; and these teing so disposed of for the mo- 
ment, I am inclin^ to b^eve that even air 
and gaSes have the power to assume the pecu- 
liar state, and even to affect light, but in a de- 
gree so small that as yet it has not been made 
sensible. Still the gaseous state is such a re- 
markable condition of matter, that we ought 
not too hastily to assume that the substances 
which, in the solid and liquid state, possess 
properties even general in character, always 
carry these inip^their gaseous condition, i; 

2238. Rock-salt, fluor-spar, and, 1 thi|hk, 
alum, affect the ray of light; the other crs^Ms 
experimented vith did not; these are equia:^)^ 
and singly refracting, the others are uneqiii- 
axed and doubly refracting. Perhaps these in- 
stances, Avith tliat of the rotation of quartz; 
may even now indicate a relation between mag- 
netism, electricity, and the crystallizing forces 
of matter. 

2239. All bodies are affected by helices as by 
magnets, and according to laws which show 
that the causes of the action are identical as 
well as the effects. This result supplies another 
fine proof in favour of the identity of helices 
and magnets, according to the views of Am- 
p6re. 

2240. The theory of static induction which I 
formerly ventured to set forth (1161, &c.),and 
which depends upon the action of the contig- 
uous particles of the dielectric intervening 
tween the inductric and the inducteous bodies, 
led me to expect that the same kind of depend- 
^ce upon the intervening particles would be 
found to exist in magnetic action; and I pub- 
lished certain experiments and considerations 
on this point seven years ago (1709-1736). I 
could not then discover any peculiar condition 
of the intervening substance or diamagnetic; 
buinow that I have been able to make out such 
a state, which is not only a state of tension 
(2227), but dependent entiiely upon the mag- 
netic lines which pass through the substance, I 
am more than ever encouraged to believe that 
the view then advanced is correct. 

ISIAl, Although the magnetic and el^no 
forceseppearto exert no power on the ordinary 
or on the depolarised ray of light, we can hard- 
ly doubt but that they have some influ- 

ence, which probably will soon be made appar- 
ent 1^ experiment. NeMher can it besuppo^n 
otbenrise same Mud rf'action 

lionid tsJmpiaeeon tbeothar 1^^ dfradiaHt 

agents 



^242.T1)i8iaode<tfiaaipiMfe4nri!<te^^ ^«i]ii.ti:^irfiatiin|]rlM&elMiAtiMMtt 
tioa,aid^^eiK)iBa«iiai»«8«ated):4rtt,^, oaUi^^tt6ev6lmi^0iiiidtyaitd.ii»pisl>^ 
Ihope,$«atlyaaa8thereaftw iatfa« iBVMt^ar irao, are titoughts eontibiually preanag opott 
ticMi of tbe nature of transparent bodies, of tiie mind; but it will be better to occupy bolik 
light, of magnets^ and their aetion one on a^ tuneaad thou^t, aided by e]q)eriment, in tto 
o^er or on mapietie substances. I am at this investigation and devdopment of real tra^ 
time engaged in investigating the new mag- than to use them in the invention of supposi- 
netic cmidition, and shall shortly send a fur- tions which may or may not be founded tsu, or 
ther aco^t of it to the Royal Society. What oonsstent with, fact, 
the possible effect of the force may be in the 

eartiiasawholeorinmagnets,orinrdationto Royal InOitu&on, Oct. 29, 1845 


TWENTIETH SERIES' 

§ 27. On New Magnetie Actions, and on the Magnetic Condition of 
AU Matter^ ^ L Apparatus Required t ii. Action of Magnets on 
Hea/oy Glass ^ iii. Action of Magnets on Other Subkanees Acting 
Magnetically on Light If iv. Action of Magnets on Metals Generally 
Rbcbivxd Dbcbmbeh 6, Read December 18, 1845 

2243. The contents of the last Series of these the statmnmit, that a new magnetic ctmtfition 
Researches were, I think, sufficient to justify (i.e., one new to our knowledge) had been im- 


1 Philoaopkieal Tranaaetiana, 1846, p. 21. 

* My friend Mr. Wheatetone has this day called 
my attention to a paper by M. Beequerel, ^*On the 
magnetic actions excited in all bodies by the influ- 
ence of very energetic magnets,’’ read to Uie Acad- 
emy of Sciences on the 27w of September 1827, and 
published in the Annalea de Chimie, XXXVI, p. 337. 
It relates to the action of the magnet on a magnetic 
needle, on soft iron, on the deutozide and tritoxide 
of iron, on the tritoxide alone, and on a needle of 
wood. The author observed, and Quotes Coulomb as 
having also observed, that a needle of wood under 
certain conditions, pointed aeroaa the magnetie 
prves; and he also states the striking fact that he 
had found a needle of wood place itself parallel to 
^e wires of a galvanometer. These effects, however, 
he refers to a decree of magnetism less than that of 
the tritoxide of iron, but tbe same in character, for 
the bodies take the same position The polari^ of 
steel and iron is stated to be in the direction of tbe 
length of the substance, but that of tritoxide of iron, 
wood and mim-lac, most frequently in the direction 
of the width, and euways when one magnetic pole is 
employed. **ThiB difference of effect, which estab- 
lishes a line of demarcation between these two species 
of phenomena, is due to this, that the majgnetism be- 
ing very feeble in the tritoxide of iron, wood, dec., we 
may neglect the reaction of the body on itself, and 
therefore the direct aotioii of the bar ought to over- 
rule it.” 

As the paper does not refer the phenomena of 
wood and gum-lac to an elementary rspuisfve action, 
Apr show they asn eommon to anilaotsiise olass 
of bodies, nor distinguii^ this class, which I have 
called diamaimetic, firom the magnetio class: and, aa 
It makes aE liuMftteticI action of one kind, WhmM 1 
;how that there are twp khids of such action* as dis- 
^ct, from each other as positive and imative elee- 
t^ motion ale in tdi^vray, so X do hotiSmkl nM 
{Iter a wprd or thedaleof timt whitdi Ih^ vnitte^ 
but am most here to acknowledge. Becque- 
rel s importantmets and lat^a in refmnee to.tUc 
cwbjeet^ldL F. X2eo. 6. ISii. 


pressed on matter by subjecting it to the ao* 
tion of magnetic and electric forces (2227); 
which new condition was made manifest 
the powers of action which the matter had acr* 
quired over light. The phenomena now to be 
described are altogether different in their na«> 
ture; and they prove* not only a magnetic con-* 
dition of the substances referred to unknown 
to us before, but also of many others, induding 
a vast number of opaque and metaUic bodi^ 
and perhaps all except tiie magnetic metals and 
their compounds: and they also, tbrou^ diat 
cemdition, present us with the means of undm^ 
taking the correlation of magnetic phencan- 
ena, and perhaps the construction of a the^ 
of general magnetic action founded on sknplh 
fundamental principles. 

2244, The whole matter is so new, and tinil. 
phenomena so varied and general, that I imisti 
with every <te8ire to be brief, describe mbdh/ 
which at last will be found to concentrate ; 

der simple principles of action^ Still; 
present state of oUr knowledge, sudi isthe^d^:/ 
metiiod by whidi I ^ make these prindii|i|t; 
and tbw results sufficientiy manifei^ > 

- .. . ... 

1 L AppaanOuB Required 

£245. The effects to be described leopifeh 
XIU^pmfo ainpmmtas gieat poww 
perfect eommaud. BoA them pdste 
taiasd by the use cl eteeteo^ma^gjseti^ 
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eaa' be raised to a degree^ of force far beyond 
of natural or ste^ magnets; and further, 
ean be suddenly altogether deprived of power, 
or made energetic to the highest degree, with- 
out the slightest alteration of the arrangement, 
or of any other circumstance belonging to an 
e?^riment. 

2246^ One of the electro-magnets which I use 
is that already described under the term Wool* 
wich helix (2192). The soft iron core belonging 
to it is 28 inches in length and 2.5 inches ia di- 
ameter. When thrown into action by ten pair 
of Grove's plates, either end will sustain one or 
two half-hundred weights hanging to it. The 
magnet can be placed either in the vertical dr 
the horizontal position. The iron core is a cyl- 
inder with flat ends, but 1 have had a cone of 
iron made, 2 inches in diameter at the base and 
^ 1 inch in height^ and this placed at the end of 
the core, forms a conical termination to it, 
when required. 

2247. Another magnet which I have had 
made has the horseshoe form. The bar of iron 
is 46 inches in length and 3.75 inches in diam- 
eter, and is so bent that the extremities form- 
ing the poles are 6 inches from each other; 522 
feet of copper wire 0.17 of an inch in diameter, 
and covered with tape, are wound round the 
two straight parts of the bar, forming two coils 
on these parts, each 16 inches in length, and 
Qompossed of three layers of wire: the poles are, 
of course, 6 inches apart, the ends are planed 
true, and against these move two short bars of 
soft iron, 7 inches long and 23^ by 1 inch thick, 
which can be adjusted by screws, and held at 
any distance less than 6 inches from each other. 
The ends of these bars form the opposite poles 
of contrary name; the magnetic field between 
them can be made of greater or smaller extent 
and the intensity of the lines of magnetic force 
be proportionately varied. 

2248. For the suspension of substances he* 
tween and near the poles of these magnets, I 
occasionally used a glass jar, with a plate and 
sliding wire at the top. Six or eight lengths of 
ooeoon silk being equ^y stretched, weie made 
into one thread and attached, at the upper end^ 
to tbe sliding rod, and at the lower end to a 
stinnip of paper, in which anything to be ext 
perimentod on could be sustained. ^ 

2249. Another very useful mode of suspen- 
sion was to attach one end of a fine thready 6 
;,lsailong,ta an adjustable arm near the ceifoig 
^f #^e rma, and terminiatiiig at idie lower end 

ring of eppper wire; any substance 
tajbexvweoded cquM be held in a simple omdie 


of fine copper wire having 8 or 10 inches of the 
wire prolonged upward; this being bent into a 
hook at the superior extremity, gave the means 
of attachment to the ring. The height of the 
suspended substance could be varied at pleas^- 
ure, by bending any part of the wire at the in- 
stant into the hook form. A glass cylinder 
placed between the magnetic poles was quite 
sufficient to keep the suspended substance free 
from any motion, due to the agitation of the air. 

2250. It is necessary, before entering upon 
an experimental investigation with such an ap- 
paratus, to bq adware of the efifect of any n|Lag- 
netism which the bodies used may possess;^ the 
power df the apparatus to make manifest sijjtch 
magnetism is so great, that it is difficult \)on 
that account to find writing-paper fit for the 
stitrup above mentioned. Before therefore any 
experiments .are instituted, it. must be ascer- 
tained that the suspending apparatus employ- 
ed does not point, i.e., does not take up a posi- 
tion parallel to the lines joining the magnetic 
poles, by virtue of the magnetic force. When 
copper suspensions are employed, a peculiar 
effect is produced (2309), but when undeiwtood, 
as it will be hereafter, it does not interfere with 
the results of experiment. The wire should be 
fine, not magnetic as iron, and the form of the 
suspending cradle should not be elongated hor- 
izontally, but be round or square as to its gen- 
eral dimensions, in that direction. 

2251. The substances to be experimented 
with should be carefully examined, and rejected 
if not found free from magnetism. Their state 
is easily ascertained; for, if magnetic, they will 
either be attracted to the one or the other pote 
of the great magnet, or else point between 
them. No examination by smaller magnets; or 
by a magnetic needle, is sufficient for this pur- 
pose. 


-I 


Fig. 1 

2252. 1 shall have such frequent oocarion to 
refer to two chief directions of position acrpjri 
the magnetic field, that to avoid periphrasis, 1 
will here ask leave to use a term or two, eojwli: 
tipually. One of these directions is tha^ froim 
pole to pole, or along the line of magtWitie force; 

it the oarfoi eftreeffon; the other hi th^ 

direction p^pendicular to this,; and across 
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line of magnetic force; and for the time, lind as 
respects the space between the poles, I wilt call 
it the eqiiatoTial direction. Other terms that I 
may use, 1 hope will explain themselves. 

% ii. Action of Magnets on Heavy Glass 

2253. The bar of silicated borate of lead, or 
heavy glass already described as the substance 
in which magnetic forces were first made ef^ 
fectually to bear on a ray of li^t (2152), and 
which is 2 inches long, and about 0.5 of an inch 
wide and thick, was suspended centrally be- 
tween the magnetic poles (2247), and left until 
the effect of torsion was over. The magnet Wiis 
then thrown into action by making contact at 
the voltaic battery: Immediately the bar mov- 
ed, turning round its point of suspenision, into 
a position across the magnetic curve or line of 
force, and after a few vibrations took up its 
place of rest there. On being displaced by hand 
from this position, it returned to it, and this 
occurred many times in succession. 

2254. Either end of the bar indifferently went 
to either side of the axial line. The determining 
circumstance was simply inclination of the bar 
one way or the other to the axial line, at the 
beginning of the experiment. If a particular or 
marked end of the bar were on one side of tlie 
duagnotic, or axial line, when the magnet was 
rendered active that end went farther out- 
wards, until the bar had taken up the equa- 
torial position. 

2255. Neither did any change in the mag- 
netism of the poles, by change in the direction 
of the electric current, cause any difference in 
this respect. The bar went by the shortest course 
to the equatorial position. 

2256. The power which urged the bar into 
this position was so thoroughly under , com- 
mand that if the bar were swinging it could 
easily be hastened in its course into this posi- 
tion, or arrested as it was passing from it, by 
seasonable contacts at the voltaic battery. 

2257. There are two positions of equilibrium 
for the bar; one stable, the other unstable, 
^en in the direction of the axis or magnetic 
line of force, the completion of the electric com- 
munication causes no change of place; but if it 
be the least oblique to this position, then the 
obliquity increases until the bar arrives at, the 
equatorial position; or if the bar be origiiidly 
in the equatorial position, then the magnetism 
causes no further changes, but retains it there 
^ 2288 ,^ 99 , 2384 ). 

22£^. ,Here th^ we have a magnetic bar 
^hidi points east and weat^ in rdationtonoi^ 


and south poles, i.e,, pmnts perpendicularly to 
the lines of magnetic force. 

2259. II the bar be adjusted so that its point 
of suspension, being in the axial line, is not 
equidistant from the poles, but near to one of 
them, then the magnetism again makes the bar 
take up a position perpendicular to the mag* 
netic lines of force; either end of the bar being 
on the one side of the axial line, or the other, at 
pleasure. But at the same time there is another 
effect, for at the moment of completing the 
electric contact, the centre of gravity of the 
bar recedes from the pole and remains repelled 
from it as long as the magnet is retained ex- 
cited. On allowing the magnetism to pass away, 
tiie bar returns to the place due to it by its 
gravity. 

2260. Precisely the same effect takes place 
at the oilier pole of the magnet. Either of them 
is able to repel the bar, whatever its positioii 
may be, and at the same time the bar is made 
to assume a position, at right angles, to Ihe 
line of magnetic force. 

2261. If the bar be equidistant from the two 
poles, and in the axial line, then no repulsive 
effect is or can be observed. 

2262. But preserving the point of suspension 
in the equatorial line, i.e., equidistant from the 
two poles, and removing it a little on one side 
or the other of the axial line (2252), then an- 
other effect is brought forth. The bar points as 
Ixjfore across the magnetic line of force, but at 
the same time it recedes from the axial line, in- 
creasing its distance from it, and this new posi- 
tion is retained as long as the magnetism con- 
tinues, and is quitted with its cessation. , 

2263. Instead of two magnetic poles, a single 
pole may be used, and that either in a vertical 
or a horizontal position. The effects are in per- 
fect accordance mth those described above; 
for the bar, when near the pole, is repelled fro^ 
it in the direction of the line of magnetic force, 
and at the same time it moves into a position 
.perpendicular to the direction of the magnet 
tines passing through it. When the magnet is 
vertieal (2246) and the bar by its ride, this eq- 
tion makes the bar a tangent to the curve of 
its surface. 

2264. To produce these effects, of poipriiig 

across the magnetic curves, the form of tte 
heavy glass must be long; a cube, or a fragoae^t 
approaching roundness in form, will notipc^at, 
but a long piece will. Two or three tpi^ed 
pieces or cubes, placed side by ride in a 
Usby, so as to form an oblcmg aoewtili^c^ 
will also point. . v. , 
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rifipdled: so if two i^ces be hung up at once ih 
axial fine, one near each pole, they are re« 
peBed by their respective poles, and approach, 
seeming to attract each other. Or if two ineces 
be hung up in the equatorial line, one on eaxk 
side of the axis, then they both re^e from the 
axis, seeming to repel each other. 

^ 2^. From the little that has been siud, it is 
evident that the bar presents in its motimi a 
Complicated result of the force exerted by the 
ma^etic power over the heavy glass, and that, 
when cub^ or spheres are employed, a much 
rimpler indication of the effect may be ob- 
taii^. Accordingly, when a cube was thus 
tised with the two poles, the effect was repuU 
sion or recession from either pole, and also re- 
oeaskm from Ihe magnetic axis on either side. 

2267. So, the indicating particle would move, 
<dthef along tiie magnetic curves, or across 
tibem; and it would do this either in one direc- 
tibn or the other; the only constant point be- 
ing, that its tendency was to move from strong- 
er to weaker places of magnetic force. 

2268. This appeared much more simply in 
the case of a single magnetic pole, for then the 
tendency of the indicating cube or sphere was 
to move outwards, in the direction of the mag- 
ncitic lines of force. The appearance was re- 
markably like a case of weak electric repulsion. 

2269. The cause of the pointing of the bar, or 
oblong arrangement of the heavy glass, is 

now evident. It is merely a result of the tend- 
ency of the particles to move outwards, or in- 
to the positions of weakest mdgnetic action. 
The joint exertion of the action of all the parti- 
brings toe mass into the position, which, 
by experiment, is found to belong to it. 

2270. When one or two magnetic poles are 
aietiye at once, the courses described parti- 
des of heavy glass free to move, form a set of 
lines or eurves, vtoich I may have occasion 
hereafter to rdfer to; and as I have called air, 
gito, water, &e., diamagnetic (2149), so I wifi 
d&tin^tsh these lines by the fem4iamagn^ 
dnrtos, boto in rdatiem to, and cmitradistmo- 
ikm ftom, tbe lines eafied magnetic curves. 

2271. ^en the bar of heavy glass is im- 
todaed in water, alcohol, or ether, contained in 
a ytosd between toepplosi; all the preceding ef- 
, liitt^our ; the bar pdihts mid the cube recedes 

in toe same manner as in air. 

The effects equally oechr in vessels eff 
stone, eaito, c(^^; Itedi silv^, or any 
djt'^diOBe substances wbfeli'bdong to toe dia- 
maipidac ohun (2149). 


2273. 1 have obtained toe same equatorid 
direction and motions of toe heavy dass bar as 
toose just described, but in a very feeble de- 
gree, by toe use' of a good common steel horse- 
shoe magnet (2157). I have not obtained them 
by the use of the helices (2191, 2192) without 
toe iron cores. 

2274. Here therdore we have magnetic re^ 
puldon without polarity, i.e., without refer- 
ence to a particular pole of toe magnet, for 
either pole will repel the substance, and both 
poles will repel it at once (2262). The heavy 
glass, though subject to magnetic action, ckn- 
not be considered as magnetic, in the usual^e- 
ceptation of that term, or as iron, nickel, 
balt, and their compounds. It presents to ^s, 
under these circumstances, a magnetic pro^ 
erty new to our knowledge; and though the 
phenomena are very different in their nature 
and character to those pi'csented by the action 
of the heavy ^ass on light (2152), still they ap- 
pear to be dependent on, or connected with, 
toe same condition of the glass as made it then 
effective, and therefore, with those phenom- 
ena, prove the reality of this new condition. 

% iii. Action of Magnets on Other SvbgUmcei 
Ai^ng MoffneticaMy on Light 

2275. We may now pass from heavy glass to 
toe examination of the other substances, which 
when under the power of magnetic or electric 
forces, are able to affect and rotate a polarized 
ray (2173), and may also easily extend tbe in- 
vestigation to bodies which, from their irreg- 
ularity of form, imperfect transparency, or ac- 
tual opacity, could not be examined by a po^ 
larized ray, for here we have no difficulty in the 
application of the test to all such substances. 

2276. The property of being thus repelled 
and affected by magnetic poles was soon found 
not to be peculiar to heavy glass. Borate of 
lead, flint-glass, and crown-glass set in toe same 
manner equatoriatly, and were repelled when 
near to the poles, though not to the same de- 
gree as toe heavy glass^ 

2277. Amongst substances which could not 
be subjected to toe exiunination by l^t, phos- 
phorus in th^ form of a cylinder present^ the 
phenomena very well; I toink as powerfully as 
heavy glaas, if not more so. A cc^nder of sul- 

and S long piece of thick India niM}er, 
ncstoer being niagnetic after toe ordinary fato-* 
ion, were vrelt cfirected and replied. 

22f7S. Crystalline bodies were eqi^y 
eni, whetiw taken from the smi^ 

Mralotmg dkm {2237}* Prisms of quaetd, 
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caaMUS jtiitie soda^ aU 

pointed well, and W6i«r fepelled. 

^79. I then prooeediad to subjeet a great 
number of bodies, taken from every class, to the 
magnetic forces, and will, to illustrate the vaii«- 
ety in the nature of the substances, give a eom^ 
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paratively short list of crystalline, amorphous, 
liquid and organic bodies below. When the 
bodies were fluids, I enclosed them in thin glass 
tubes. Flint-glass points equatorially, but if the 
tube be of very thin glass, this effect is found to 
be small when the tube is experimented with 
alone; afterwards, when it is filled with liquid 
and examined, the effect is such that there is no 
fear of mistaking that due to the glass for that 
of the fluid. The tubes must not be closed with 
cork, sealing-wax, or any ordinary substance 
taken at random, for these are generally mag- 
netic (2285). I have usually so shaped them in 
the making, and drawn them off at the neck, as 
to leave tl^ aperture on one side, so that when 
filled with liquid they require no closing. 

2280. 


Rock crystal 

Water 

Sulphate of lime 

Alcohol 

Sulphate of baryta 

Ether 

Sulphate of soda 

Nitric acid 

Sulphate of potassa 

Sulphuric add 

Sulphate of magnesia 

Muriatic acid 

Alum 

Solutions of various al- 

Muriate of ammonia 

kaline and earthy salts 

Chloride of lead 

Glass 

Chloride of sodium 

Litharge 

Nitrate of potassa 

White arsenic 

Nitrate of lead 

Iodine 

Carbonate of soda 

Phosphorus 

Iceland ^ar 

Sulphur 

Acetate of lead 

Resin 

Taitrate of potash and 

Spermaceti 

antimony 

Caffeine 

Tartrate of potash aiid 

Cinchonia 

soda 

Maigaricadd 

Tartaric acid 

WaxfrmnshdUae 

Citric add 

SeaUng-wax 

Olive oil j 

Mutton, dried 

Chi erf turpentine 

3eef,,fr^ 

Jet 

Beef. dried . 

Oaoutqhouc 

Blood, fresh 

Sugar ' 

Blood, dried . 

Starch 

Leath^ 

Qhm<«rabio ' 

Apple 

Wood i 


Iwy,i , .. 

^ / S' ‘ f y ‘ ' s, 


2281. It a liM os^is el 

bodies presenting on a sudden this remarkable 
property, and it is strange to find a piece of 
wood, or beef, or apple, oMient to or tepeBcMl, 
by a magnet. If a man could be su^ndedi, 
with sufficient delicacy, after the manner of 
Dufay, and placed in the magnetic field, he 
would point equatonally ; for ail the substances 
of which he is formed, including the blood, 
possess this property. 

2282. The setting equatorially depends np(m. 
the form of the body, and the diversity of form 
presented by the different substances in the 
list was very great; still the general result, that 
elongation in one direction was sufficimt to 
make them take up an equatorial position, was 
established. It was not difficult to perctive 
that comparatively large masses would point 
as readily as small ones, because in larger mass- 
es more lines of magnetic force would bear in 
their action on the l^dy,. and this was proved 
to be the case. Neither was it long before it evi- 
dentiy appeared that the form of a plate or a 
ring was quite as good as that of a cylinder or a 
prism; and in practice it was found that plates 
and flat rings of wood, spermaceti, sulphur, 

if suspended in the right direction, took 
up the equatorial position very well. If a plate 
or ring of heavy glass could be floated in water, 
so as to be free to move in every direction, and 
were in that condition subject to magneiio 
forces diminishing in intensity, it would 
mediately set itself equatorially, and if its em- 
tre coincided with the axis of magnetic powm^ 
would remain there; but if its centre were out 
of this line, it would then, perhaps, gradually 
pass off from this axis in the plane of 
equator, and go out from between the pdes. 

2283. 1 do not find that division of the sttb* 
stance has any distinct influence on the effects* 
A piece of Ic^nd spar was observed, as to tbe 
degree of force with which it set equatorially; 
it was then broken into six or ei^t fragxheiits, i 
put intoa glass tube and tried again; as wdlas , 
I could aseeitam, the effect was the same. ^ 
a second operation, the calcareous spaf 
duoed into coarse particles; afterwards b' 
coarse powder, and ultimatdy to a fine 
der: exmnined as to the equatorisidM; 

eadi time, I oodd perceive no diff^*^me hlite 
effect, un^ the veiy last, when I thoui^t 
mig^t be a slight ffiminution of the tendemQprf I 
but if so, it was almost insensil^ X 
saiMexperimentonsUioa with tbestme^ie^, 
of no <&iiinuti^ of pow^. In 
point i may obsmm that 
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bocfi^ in fiiiepomler esdbibitol effect very 
VrdL 

2284. It would require very nice experiments 
and great care to ascertain the specific degree 
M this power of magnetic action possessed by 
different bodies, and I have made very little 
progress in that part of the subject. Heavy 
glass stands above flint*glas8> and the latter 
above plate^glass. Water k beneath all these^ 
and I think alcohol is below water, and etiier 
bebw dcohol. The borate of lead k I think as 
high as heavy glass, if not above it, and phos- 
phorus k probably at the head of all the sub- 
stances just named. I verified the equatorial 
set of phosphorus between the poles of a com- 
mon magnet (2273). 

2285. 1 was much impressed by the fact that 
bloc^ was not magnetic (2280), nor any of the 
specimens tried of red muscular fibre of beef or 
mutton. Thk was the more striking, because as 
will be seen hereafter, iron k always and in al- 
most all states magnetic. But in respect to this 
point it may be observed, that the ordinary 
magnetic property of matter and thiBnewprop^ 
erty are in their effects opposed to each other; 
and that when this property is strong it may 
overcome a very slight degree of ordinary mag- 
netic force, just as also a certain amount of the 
magnetic property may oppose and effectually 
hide the presence of this force (2422). It is thk 
circumstance which makes it so necessary to be 
careful in examining the magnetic condition of 
tiie bodies in the first instance (2250) . The fol- 
lowing Ikt of a few substances which were found 
jslightly magnetic, will illustrai^ this point: pa- 
per, sealing-wax, china ink, Berlin porcelain, 
eiUiworm-gut, asbestos, fluor-spar, red lead, 
vermilion, peroxide of lead, sulphate of xinc^ 
tourmaline, plumbago, shellac, charcoal. In 
Bome of these cases the magnetism was gener- 
affy diffused through the body, in other cases 
it w4s limited to a particular part. 

2286. Having arrived at thk point, I may 
observe, that we can now have no difficulty in 
admitting that the phenomena abundantly es- 
tabiyi tl^ exktoiee of a magnetic property in 
matter, new to our knowledge. Not the least 
interesting of the consequences that flow from 
it is the mann^ in whi^ it dkposes of the as- 
sertion which has sometimes b^n made, that 
all bodies are magnetic; Those ivfao hold this 
view, mean that ^ bodies are magnetic as iron 
k, ai^ say that they point between the polea 
IV now loots give not a mere negative to thk 
somethmg bey<md, naxoely, an 
/affitmitiveas to the existence of forces in all 


ordinaiy bodies, directly the opposite oi those 
exkting in magnetic boffies, for whereas those 
practically pr^uce attraction, these produce 
repulsion; those set a body in the axi^ direc- 
tion, but Ihese make it take up an equatorial 
position: and the facts, with regard to bodies 
generally, are exactly the reverse of those which 
the view quoted indicate. 

If iv. Action of Magnets on Metals GeneraUy 

2287. The metals, as a class, stand amongst 
bodies having a high and distinct interest in re- 
lation both to magnetic and electric forcesjiand 
might at first well be expected to present ibme 
peculiar phenomena, in relation to the string 
property found to be possessed in commofi\by 
60 large a number of substances, so varied' in 
their general characters. As yet no dktinetion 
associated with conduction or non-conduction, 
transparent or opaque, solid or liquid, crystal- 
line or amorphous, whole or broken, has pre- 
sented itself; wheVr the metals, dktinct as 
they are as a class, would fail into the great 
generalization, or whether at last a separation 
would occur, was to me a point of the highest 
interest. 

2288. That the metals, iron, nickel and co- 
balt, would stand in a distinct class, appeared 
almost undoubted; and it will be, I think, for 
the advantage of the inquiry, that I should 
consider them in a section apart by themselves. 
Further, if any other metals appeared to be 
magnetic, as these are, it would be right and 
expedient to include them in the same class. 

2289. My first point, therefore, was to exam- 
ine the metals for any indication of ordinary 
magnetism. Such an examination cannot be 
carried on by magnets anything short in power 
of those to be used in the further investigation; 
and in proof of this point I found many speci- 
mens of the metals, which appeared to be per- 
fectly free from magnetkm when in the pres- 
ence of a magnetic needle, or a strong horse- 
shoe magnet (2157), that yet gave abundant 
indications when suspended near to one or both 
poles of the magnets described (2246). 

2290. My test of magnetkm was thk. If ft 

bar of the metal to be examined, about 2 inches 
long, was (2249) in the 

field, and being at fiist oblique to the axial line 
was upon the supervention of the magnetic 
forces drawn into the axial position inst^ of 
being driven into the equatorial line, or 
maining in some oblique direction, thea loon* 
sidered it magnetic. Or, if being near ouem»t 
netic pole, it was attracted by pole, tnatnad 
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of beins repdiled) then I cmduded H vms mag-* 
netic. It is evident that the test is not strict, 
because, as before pointed out (2285), a body 
may have a slight degree of magnetic force, 
and yet the power of the new property be so 
great as to neutralise or surpass it. In the first 
case, it might seem neither to have the one 
property nor the other; in the second case, it 
might appear free from magnetism, and pos- 
sessing the special property in a degree. 

2291. I obtained the following metals, so 
that when examined as above, they did not 
appear to be magnetic ; and in fact, if magnetic, 
were so to an amount so small as not to destroy 
the results of the other force, or to stop the 
progress of the inquiry. 

Antimony Lead 

Bismuth Mercury 

Cadmium Silver 

Copper Tin 

Gold Zinc 

2292. The following metals were, and are as 
yet to me, magnetic, and therefore compan- 
ions of iron, nickel and cobalt: 

Platinum 

Palladium 

Titanium 

2293. Whether all these metals are magnetic, 
in consequence of the presence of a little iron, 
nickel, or cobalt in them, or whether any of 
them are really so of themselves, I do not un- 
dertake to decide at present; nor do I mean to 
say that the metals of the former list are free. 
I have been much struck by the apparent free^ 
dom from iron of almost all the specimens of 
sine, copper, antimony and bismuth, which I 
have examined; and it appears to me very 
likely that some metals, as ars^c, &c., may 
have much power in quelling and suppressing 
the magnetic properties of any portion of iron 
in them, whilst other metals, as silver or plati- 
num, may have little or no power fai this re- 
spect. 

2294 Resuming tiie consideration of the in- 
fluence exerted by the magnetic force over 
those metals which are not magnetic after the 
manner of iron (2291), I may state that there 
are two sets of effects produced w*hioh require 
to be carefully distingubhed. Om of these de- 
pends up6n induced magneto-electric currents, 
and shall be resumed hereafter (230€^. The 
other indudes effects of the same nature as 
those produced with heavy ^ass ohd many 
otha^ bodies (2275). 

^ 2206. All the non-magaetic metals are sub- 
last pow'er^^ mi produce the 


same j^pernl effects as the large class of bodies 
already described. The force which they then 
manifest, they possess in different degrees. Anf 
timony and bismuth show it well, and bismuth 
appears to be especially fitted for the purpose. 
It excels heavy glass, or borate of lead, and 
perhaps phosphorus; and a small bar or cylin- 
der of it about 2 inches long, and from 0.25 to 
0.5 of an inch in width, is as wdl fitted to show 
the various peculiar phenomena as anything J 
have yet submitted to examination. 

2296. To speak accurately, the bismuth bar 
which I employed was 2 inches long, 0.33 of an 
inch wide, and 0.2 of an inch thick. When this 
bar was suspended in the magnetic field, be- 
tween the two poles, and subject to the mag- 
netic force, it pointed freely in the equatorial 
direction, as the heavy glass did (2253), and if 
disturbed from that position, returned /reeZy to 
it. This latter point, though perfectly in ac- 
cordance with the former phenomena, is in 
such striking contrast with the phenomena 
presented by copper and some other of the met- 
als (2309), as to require particular notice here. 

2297. The comparative sensibility of Ins- 
muth causes sever^ movements to take place 
under various circumstances, which being com- 
plicated in their nature, require careful analy- 
sis and explanation. The chief of these, with 
tiieir causes, I will proceed to point out. 

2298. If the cylinder electro-magnet (2246) 
be placed vertically so as to present one pole 
upwards)^ that pole will exist in the upper end 
of an iron cylinder, having a fiat horizontal 
face. 2^ inches in diameter. A small indicating 
sphere (2266) of bismuth, hung over the centre 
of this face and close to it, does not move by 
the magnetism. If the ball carried outwards, 
half-way, for instance, between the centre and 
the edge, the magnetism makes it move in- 
wards, or towards the axis (prolonged) of the 
iron cylinder. If carried still farther outwards, 
it still moves inwards under the influence of 
the magnetism, and such continues to be the 
ease until it is placed just over the edge of the 
terminal face of the core, where it has no mo- 
rion at all (here, by an«rtber arrangmuent d 
the experiment, it is known to tend in wlmt h 
at present an inward direction Irom the com). 

If carried a little farther outwards, the mag- 
netism then makes the bismuth ball tex^ togb 
outwards or be repeUed, and eonrinuea to 

be the dkecrion of the force In any further 
mriofu, or down theside of theend d tbecioie^ 

2299. In iaot, the circular edge lermed Igr 
rim mifiuneorim thnexddtiiMtem 





is ilftuiHy tbe ajpek of mapietid 
pole, to 0 , Ibody plaoed we the bifis&tith ball 
close to It, and it is because the lines of ma^ 
hetic force issuing from it diverge as it were, 
and weaken rapidly in all directions from , it, 
that the ball also tends to pass in all directions 
either inwards or upwards, or outwards from 
it, and thus produces the motions described. 
^eSe same effects do not in fact all occur 
when the ball^ being taken to a greater dis- 
tance from the iron, is placed in magnetic 
(toves, having generally a simpler direction, 
lii order to remove ttie effect of the edge, an 
iron cone was placed on the top of the core, 
converting the flat end into a cone, and then 
tiiie indicating ball was urged to move upwards, 
only when over the apex of the cone, and up- 
^ wards and outwards, as it was more or less on 
one side of it, being always repelled from the 
pole in that direction, which transferred it 
most rapidly from strong to weaker points of 
magnetic force. 

2300. To return to the vertical flat pole : when 
a horizontal bar of bismuth was suspended 
concentrically and close to the pole, it could 
take up a porition in any direction relative to 
the axis of the pole, having at the same time a 
tendency to move upwards or be repelled from 
it. If its point of suspension was a little eccen- 
tric, the bar gradually turned, until it was par- 
allel to a line joining its point of suspension 
with the prolonged axis of the pole, and the 
eenl^ of gravity moved inwards. WTien its 
point of suspension was just outside the edge 
of the fiat circular terminating foce, and the 
bar formed a certain angle with a radial line 
jdlning the axis of the core and the pdnt of 
Simpensicm, th^ the movements of tiie bar 
uncertain and wavering. If the angle with 
the Iwdiai line were less than that above, the 
bar Would move into parallelism with riie 
radius and go inwards: if the angle were great- 
er, the biur would move until perpendicular to 
tim radial tine and go outwards. If the centre 
of the bar were still farther out than in tiie 
teitease, or down by the side of the bore, Uie 
bar wotdd atways piaee itself perpendicular 
ts ttih tadkuf and go outwards. All these com^ 
piieadcms of are eaafly resolved into 

tb^r simple demefi^ry origin, if reference 
^ had to the eharabtor of the circular ani^e 
temuiing the Sad of the oore; to the direettOfu 
^ of the magnOtio lines of force issuing from it 
■ andtheotherpartecf the pole; to the position 
of tbe different ports of the bar in these lines; 
SiiDd'ibBralmg principle tb&t each particle tmuls 


to go by nearest comnle horn sfrmif to 
vmker points of mas^etic force. 

2301. The biffluuth points well, and is well 

repelled (2296) when immersed in water, alco^ 
faol, ether, oil, mercury, &c., and also vHhen en- 
closed within vessels of earth, glass, copper, 
lead, Ac. (2272), or when screens of 0.75 or 1 
inch in thickness of bismuth, copper, or lead 
intervene. Even when a bismuth cube (2266) 
was placed in an iron vessel 2^ inches in 
diameter and 0.17 of an inch in thickness, it 
was well and freely repelled by the magnetic 
pole. A 4* ji 

2302. Whether the bismuth be in one 

or in vc^ fine powder, appears to make na^f- 
ference in the character or in the degree m\its 
magnetic property (2283). 

2303. 1 made many experiments with masses 
and bars of bismuth suspended, or otherwise 
circumstanced, to ascertain whether two pieces 
had any mutual action on each other, either of 
attraction or repulsion, whilst jointly under 
the influence of the magnetic forces, but I could 
not find any indication of such mutual action: 
they appeared to be perfectly indifferent one 
to another, each tending only to go from strong- 
er to weaker points of magnetic power. 

2304. Bismuth, in very fine powder, was 
sprinkled upon paper, laid over the horizontal 
circular termination of the vertical pole (2246). 
If the pa]>er were tapped, the magnet not be- 
ing excited, nothing particular occurred ; but if 
the magnetic power were on, then the powder 
retreat^ in both directions, inwards and out- 
wards, from a circular line just over the edge of 
the core, leaving the circle clear, and at the 
same time showing the tendency of the parti- 
cles of bismuth in ail directions from that line 
(2299). 

2305. When the pole was terminated by a 
cone (2246) and tbe magnet not in action, par 
per with bismuth powder sprinkled over it be- 
ing drawn over the point of the cone, gave no 
particular result; but when the magiietism was 
on, such an operation cleared the powder from 
every point which came over the cone, so that 
a marie was traced or written out in dear lines 
running throu|^ the powder, and showing 
ery place whera the had paased. 

2306. Itie bat of Usmutii and a biw of ha* 
timony ilras found to set equatoriaily bi^waen 
the pdesof ^ mdinary Imiaeshoe ima 

2307. Tbe fobowing list may serve togive an 

idea of the order of some metohy ^ 

r^^uds their powmr of pitxludiig thdmn^ ef* 
lecte, but I oanoot be aura IhM 
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fectly Irom tiie magiietac xiietals. In^addi- 
tion to that, .ihare are certain other efiteet^pro^ 
duc^d by the action of magnetism on metals 
(2309) which greatly interfere with the results 
due to the present property* 

Bismuth Cadmium ^ 

Antimony Mercury 

Zino Silver 

Tin Copper 

2308. 1 have a vague impres»on that the re- 
pulsion of bismuth by a magnet has been ob- 
served and published several years ago. If so, 
it will appear that what must then have been 
considered as a peculiar and isolated effect, 
was the consequence of a general property, 
which is now shown to belong to all matter.^ 

2309. 1 now turn to the consideration of some 
peculiar phenomena which are presented by 
copper and several of the metals when they 
are subjected to the action of magnetic forces, 
and which so tend to mask effects of the kind 
already described that if not known to the in- 
quirer they would lead to much confusion and 
doubt. These I will first describe as to their ap- 
pearances, and then proceed to consider their 
origin. 

2310. If instead of a bar of bismuth (2296) a 
bar of copper of the same size be suspended be- 
tween the poles (2247), and magnetic power be 
developed whilst the bar is in a position oblique 
to the axial and equatorial lines, the experi- 
menter will perceive the bar to be affected, but 
this will not be manifest by any tendency of 
the bar to go to the equatorial line; on the con- 
trary, it will advance towards the axial posi- 
tion as if it were magnetic. It will not, however, 
continue its course until in that position, but, 
unlike any effect produced by magnetism, will 
stop shoii;, and making no vibration beyond or 
about a given point, will remain tliere, coming 
at once to a dead rest: and this it will do even 
though the bar by the effect of torsion or mo- 
mentum was previously moving with a feme 
that would have caused it to make several gy- 

‘ M. de la Rive has this day referred me to tlie 
VniioerfdU for IS?9, Vd. Xh, P? 82, 
vhere it will be found that the experiment spoken 6t 
is due to M. la ^lif of Paris. M. U Baifiif 
wowed sixteen tyears ago that both bismuth and 
anUmony repeUed the magnetic needle. It is aston- 
ismng such ah experiment has remained so long 
yhhwt fnrt^ results. I rejoice that I am to 
reference before the present swiesnf thesq 
wwreto goes tb pret*. Those who read w papers 
see here, aeon many other ooeaskms, theieeiilts 

aons and emnrof that nature will he oonsidered as 
mvQhmtiry.--^M. J:. Dee. 30, 1.84& 


mtioiis.^is offset is k^ slr^goohtr^t wlt^ 
tiiat which occurs whmi antunony, faiBmu%> r 
heavy glass, or other such bodies are emplo]!^ 
and it is equally removed from an oidin^ 
magnetic effect. 

2311. The position which the bar has tak^ 
up it retains with a consideraUe degree of te- 
nacity, provided the magnetic force be contin- 
ued. If pushed out of it, it does not return into 
it, but takes up its new position in the same 
manner, and holds it with the same stiffness; 
a push, however, which would make the bar 
spin round several times if no magnetism were 
present, will now not move it tiirough more 
than 20^ or 30^*. This is not the case with bis- 
muth or heavy glass; they vibrate freely in tha 
magnetic field, and always return to the equi^ 
torid position. 

2312. The potition taken up by the bar may 
be any position. The bar is moved a little at 
the instant of superinducing the magnetism, 
but allowing and providing for that, it may be 
finally fixed in any position required. Even 
when swinging with considerable power by tor- 
sion or momentum, it may be caught and re- 
tained in any place the experimenter wishes. 

2313. There are two positions in which the 
bar may be placed at the beginning of the ex- 
periment, from which the magnetiimi does not 
move it; the equatorial and the axial positions. 
When the bar is nearly midway between th686^ 
it is usually most strongly affected by the first, 
action of the magnet, but the position of most 
effect varies with the form and dimensions 
the magnetic poles and of the bar, 

2314. If the centre of suspension of the hay 
be in the axial line, but near to one of tite pol68,t 
these movementsoccur well, and are clear and 
dutinct m their direction : if it be in the equa« 
torial line, but on one side of the axial 'line> tbejr 
Bxe modified, but in a manner which will eamly 
be understood hereafter^ 

2316. Having thus ^ted the effect of th# 
supervention of the magnetic force, let us mWi 
remmk what oeeurs at the moment of ita ceiEh 
sation; for during its continuance th^e^S 
change. If, tben> after the magnetism has bimi 
sustained for tvifo or three seconds, the elei^tiie 
cunient be stepped, there is instantiy , 

action on the which has tho ' > 

a levufaaim <£er the barr€^urnsu{)0n.thet^^ 
which it took for a moment when, the deoCiiex 
contact was made), but with such forced tbftk 
whereas the advance might be pothags 
20”, the ievulsioB will cause the^baffneeasiqii^i 
ally, to move, tbioui^ two or three xwMkmks 
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2316. Heavy glass bismutii present no 
eiK^h phenomena as this. 

2317. If, whilst the bar is revolving from re- 
vulsion the electric current at the magnet be 
renewed, the bar instantly stops with the for- 
mer appearances and results (2310), and then 
upcHi removing the magnetic force is affected 
again, and, of course, now in a contrary direc- 
tion to the former revulsion. 

2318. When the bar is caught by the mag- 
netic force in the axial or equatorial position, 
there is no revulsion. When inclined to these 
positions, there is; and the places most power- 
ful in this respect appear to be those most fa- 
vourable to the first brief advance (2313). If 
the bar be in a position at which strong revul- 
sion would occur, and whilst the magnetism is 
continued, be moved by hand into the equa- 
torial or axial position, then on taking off the 
magnetic force there is no revulsion. 

2319. If the continuance of the electric cur- 
rent and consequently of the magnetism be for 
a moment only, the revulsion is very little, and 
the shorter the continuance of the magnetic 
force the less is the revulsion. If the magnetic 
force be continued for two or three seconds and 
then interrupted and instantly renewed, the 
bar is loosened and caught again by the power 
before it sensibly changes its place; and now it 
may be observed that it does not advance on 
the renewal of the force as it would have done 
had it been acted on by a first contact in that 
place (2310) ; i.e., if the bar be in a certain place 
inclined to the axial position, the first super- 
vention of the magnetic power causes it to ad- 
vance towards the axial position; but the bar 
being in the same place and the magnetic pow- 
er suspended and instantly renewed, the second 
supervention of force does not move the bar as 
the fimt did« 

2320. When the copper bar is immersed in 
water, alcohol, or even mercury, the same ef- 
fects take place as in the air, but the move- 
ments are, of course, not to the same extent* 

2321. Vhien plates of copper or bismuthy an 
inch in thickness, intervene between the poles 
and the copper bar, the same results occur. 

2322. If one magnetic'pole only be employed 
the effects occur near it as well as before, pro- 
dded ^t pole have a face large in proportibn 
totliebar,as the end of the iron core (2246); but 
if thepole be pointed by the use of the coniccd 
teiiiuaatlon, dr if the b^ be opposite the edge 
ot the end of the core, then they become great^^ 
}y.^^^)leeyed or ^sappearidtog^er; and only 

xepiilBid& lematn^ 


2323. The peculiar effects which have just 
been describe are perhaps more strikingly 
shown if the bar of copper be suspended pjcr-. 
pendicularly, and then hung opposite and near 
to the large face of a single magnetic pole, or 
the pole ^ng placed vertically, as described 
(2246, 2263), anywhere near to its side. The 
bar, it will be remembered, is 2 inches in length 
by 0.33 of an inch in width, and 0.2 of an inch 
in thickness, and as it now will revolve oh an 
axis parallel to its length, the two smaller di* 
mensions are those which are free to mov^ into 
new positions. Ih this case the establishm^t of 
the magnetic force causes the bar to turn a'iittle 
in accordance with the effects before described, 
and the removal of the magnetic force cau^hs a 
revulsion, which sends the bar spinning rewind 
on its axis several times. But at any moment 
the bar can again be caught and held in a posi- 
tion as before. The tendency on making con- 
tact at the battery is to place the longest mov- 
ing dimension, i.e., the width of the bar, par- 
allel to the line joining the centre of action of 
the magnet and the bar. 

2324. The bar, as before (2311), is extremely 
sluggish and as if immersed in a dense fluid, as 
respects rotation on its own axis; but this slug- 
gishness does not affect the bar as a whole, for 
any pendulum vibration it has, continues un- 
affected. It is very curious to see the bar, joint- 
ly vibrating from its point of suspension (2249) 
and rotating on its axis, when first affected by 
the magnetic force, for instantly the latter mo- 
tion ceases, but the former goes on with undi- 
minished power. 

2325. The same effect of sluggishness occurs 
with a cube or a globe of copper as with the bar, 
but the phenomena of the first turn and the p- 
vulsion cease (2310, 2315). 

2326. The bars of bismuth and heavy glass 
present no appearance of this kind. The pecu- 
liar phenomena produced by copper are as dis- 
tinct from the actions of these substances as 
they are from ordiniary magnetic actions. 

2327. Endeavouring to explain the cause of 
these effects, it appears to me that they depend 
upon the excellent conducting power of ^pp®f 
for electric currents, the gradual acquirition 
and loss of magnetic power by the iron core of 
theelectro-xnagnet, and the production of those 
kiduoed currents of magneto^leotricity which 
I described in first serins of these Sxper^ 
menial Besearckes (55, 109). 

2328. The obstruction to motiem on ite pwh 
axis, when the bar is subjected to 

forces, belongs equally to the ta/m of 
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or a cube. It belongs to these bodies, however, 
only when their axes of notation ai^ perpendie^ 
uiar or obhque to the lines of magnetic force, 
and not when they are parallel to it; for the 
horizontal bar, or the vertical bar, or the cube 
or sphere, rotate with perfect facility when they 
are suspended above the vertical pole (2246), 
the rotation and vibration being then equally 
free, and the same as the corresponding move- 
ments of bismuth or heavy glass. The obstruc- 
tion is at a maximum when the axis of rotation 
is perpendicular to the lines of magnetic force, 
and when the bar or cube, &c., is near to the 
magnet. 

2329. Without going much into the partic- 
ular circumstances, I may say that the effect is 
fully explained by the electric currents induced 
in the copper mass. By reference to the second 
series of these Researches (160),^ it will be seen 
that when a globe, subject to the action of lines 
of magnetic force, is revolving on an axis per- 
pendicular to these lines, an electric current 
runs round it in a plane parallel to the axis of 
rotation and to the magnetic lines, producing 
consequently a magnetic axis in the globe, at 
right angles to the magnetic curves of the in- 
ducing magnet. The magnetic poles of this axis 
therefore are in that direction which, in con- 
junction with the chief magnetic pole; tends to 
draw the globe back against the direction in 
wliich it is revolving. Thus, if a piece of copper 
be revolving before a north magnetic pole, so 
that the parts nearest the pole move towards 
the right-hand, then the right-hand side of 
that copper will have a south magnetic state, 
and the left-hand side a north magnetic state; 
and these states will tend to counteract the mo- 
tion of the copper towards the right-hand: or 
if it revolve in the contrary direction, then the 
right-hand side will have a south magnetic 
state, and the left-hand side a north magnetic 
state. Whichever way, therefore, the copper 
tends to revolve on its own axis, the instant it 
moves, a power is evolved in such a direction 
as tends to stop its motion and bring it to rest. 
Bemg at rest in r^erence to this direction of 
motion, then there is no residual or other effect 
which tends to disturb it, and it remains still. 

2330. If the whole mass be moving parallel 
to itself, and be small in comparison with the 
face of the magnetic pole opposite to whi<ii it 
is placed, then, though it pass through the 
magnetic lines of force, and consequeirtly have 
a tend^cy to the fotmation of magneto-eled- 
We currents witihin it, yet as ail parts move 

^ ^hUcmophioal Transaetiona, 1832, p. 188; ‘ ^ 


with equal velodty and in the same direction 
tiirough similar magnetio lines of force, the 
tendemey to the formation of a current is the 
same in every part, and there is no actual pro- 
duction of current, and consequently notii- 
ing occurs which can in any way interfere 
with its freedom of motion. Hence the reason 
that though the rotation of the bar or cube 
(2324, 2328) upon its own axis is stopped, its 
vibration as a pendulum is not affect^. 

2331. That neither the one nor the other mo- 
tion is affected when the bar or cube is over the 
vertical pole (2328) is simply because in both 
cases (with the given dimensions of the pole 
and the moving metal) tiie lines of particles 
tiirough which the induced currents tend to 
move are parallel throughout the whole mass; 
and therefore, as there is no part by which the 
return of the current can be carried on, no cur- 
rent can be formed. 

2332. Before proceeding to the explanation 
of the other phenomena, it will be necessary to 
point out the fact generally understood and ac- 
knowledged, I believe, that time is required for 
the development of magnetism in an iron core 
by a current of electricity; and also for its fall 
back again when the current is stopped. One 
effect of the gradual rise in power was referred 
to in the last series of these Researches (2170). 
This time is probably longer with iron not well 
annealed than with very good and perfectly an- 
nealed iron. The last portions of magnetism 
which a given current can develop in a certain 
core of iron, are also apparently acquired more 
slowly than the first portions; and these por- 
tions (or the condition of iron to which they 
are due) also appear to be lost more slowly than 
the other portions of the power. If electric con- 
tact be made for an instant only, the magnet- 
ism developed by the current disappears as in- 
stantly on the breaking of the current, as it 
appeared on its formation; but if contact be 
continued for three or four seconds, breaking 
the contact is by no means accompanied by a 
disappearance of the magnetism with equal 
rapidity. 

2333. In order to trace the peculiar effect of 

the copper, and its cause, let us consider the 
condition of the horizontal bar (2310, 2313) 
when in the equatorial position, between the 
two magnetic poles, or before a single pde^tiie 
pc^t of suspenaion being in a line With' th4 
axis of the pde and its exciting wire helix. QH 
sending an electric mrteni tiie 

bo^ it and the magnet it prddaces 

duee totto formation oftmrrentai in 
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fma my Imam Bemarehet (26)« and may be 
provedt % plaeing a small or Urge wire helix-! 
shaped (if it be desired) in the form of the hu?, 
and carrying away the currents produced m 
it, by wires to a galvanometer at a distance. 
Such currents, be^g produced in the copper, 
only continue whilst the xnagnetism of the core 
is rising, and then cease (18, 89), but whilst 
they continue, they give a virtual magnetic po- 
larity to that face of the copper bar which is 
opposite to a certain pole, the polarity being 
the same in kind as the pole it faces. Thus on 
the side of the bar facing the north pole of the 
magnet, a north polarity will be developed; 
and on that side facing the south pole, a south 
polarity will be generated, 

2334. It is easy to see that if the copper dur- 
ing this time were opposite only one pole, or 
b^lng between two poles, were nearer to one 
than the other, this effect would cause its re- 
pulsion. Still, it cannot account for the whole 
amount of the repulsion observed alike with 
copper as with bismuth (2295), because the 
currents are of but momentary duration, and 
the repubion due to them would cease with 
them. They do, however, cause a brief repul- 
sive^ort, to which is chiefly due the first part 
of the peculiar effect. 

2335. For if the copper bar, instead of being 
parallel to the face of the magnetic pole, and 
therefore at right angles to the resultant of 
magnetic force, be inclined, forming, for in- 
stance, an angle of 45° with the face, then the 
induced currents will move generally in a plane 
corresponding more or less fo that angle, nearly 
as they do in the examining helix (2333), if it 

inclined in the same manner. This throws 
the polar axis of the bar of copper on one side, 
SO, that the north polarity is not directly op- 
pomd, to north pole of theinducingniagnet, 

and hence the action both of this and . ^he 
other ma^etic pole upon the two polarities 
of Jhe copper wi^ be to send it farter round, 
or to place it edgeways to the pole^ or with 
its br^th parallel to the magnetic resultant 
pasmng it (2323) : the bar therefore re- 
emvesw impulse^ . and Jhe angle of it nearest 
to the magnet appears to bep^ednp towards 
the Thb action of course stops the 

kxtmt the magnetW of the helix core ceases 
to rise, and then the motion due to this cause 
eea^, and the coiper48ei|EiiiIy subject to the 
action before des^bed At the same 
liliee this twist or an^ p^on of a turn 
the point suspend occurs, the 


tre of gsavity of the-whole maas> fiddled, 
mod thus I Mieve ali tiie aotaons up to this 
condition of things are accounted lor. 

2336. Then comes the rstndsum wbi^ occurs 
upon the cessation of the electric current, and 
the falling of the magnetism in the core. Ac- 
cording to the law of magneto-^ectric induc- 
tion, the disappearance of the magn^ force 
will induce brief currents in the copper bar (28), 
but in tlie contrary direction to those induced 
in the first instance; and therefore the virtual 
magnetic pole belonging to the copper for the 
moment, which is neai*est the north end of the 
electro-magnet, will be a south pole; and that 
which is £a4hest from the same pole/of the 
magnet will be a north pole. Hence wm arise 
an exertion of force on the bar tending w turn 
it round its centre of suspension in tlm con- 
trary direction to that which occurred Before, 
and hence the apparent revulsion; for the angle 
nearest the magnetic pole will recede from it, 
the broad face (2323) or length (2315) of the 
bar will come round and face towards the mag- 
net, and an action the reverse in every respect 
of the first action will take place, except that 
whereas the motion was then only a few de- 
grees, now it may extend to two or three revo- 
lutions. 

2337. The cause of this difference is very ob- 
vious. In the first instance, the bar of copper 
was moving under influences powerfully tend- 
ing to retard and stop it (2329) ; in the second 
case these influences are gone, and the bar re- 
volves freely with a force proportionate to the 
power exeried by the magnet upon the cur- 
rents induced by its own action. 

2338. Even when the copper is of such form 

as not to g^ve the oblique resultant of magnetic 
action from the currents induced in it, when, 
for instance, it is a cube or a sphere, still the 
effect of the action described aWe is evident 
(2326). When a plate of copper about three- 
fourths of an inch in thickness, and weighing 
two pounds, was sustained upon some loose 
Uoolmnf wood and placed about 0.1 of an inch 
from jibe face of the magnetic pole, it was re- 
pelled and held off a certain distance upon the 
making and continumg of electric contact at 
the batteiy:; and when the batteiy current was 
stepped, it returned towards the pple; but the 
return was mueb more powerful tlw that due 
to gravity alone . (as was ascertained by an ex- 
periment)!. the plate being sA that mxunant^ac- 
tuaiiy as well aa tending by gravita- 

tion towards tbemagnet,aoihat it gave aatrong 
tapagainatit . 



i)ws- 1848 ElJBCafRlCITY «£$ 


2339. 8u<^li 11 ^ 1 faelkfV9, the es[|4ai^0!i of 
the peculiar i^norneQa [uesented by copper 
in the mastic field; and the reason why ^ey 
appear with this metal and not with Insmuth 
or heavy gla8S» is almost certainly to be found 
in its high electro-conducting power, which per- 
naits the formation of currents in it by induc- 
tive forces, that cannot produce the same in a 
corresponding degree in bismuth, and of course 
not at all in heavy glass. 

2340. Any ordinary magnetism due to metals 
by virtue of their inherent power, or the pres- 
ence of small portions of the magnetic metals 
in them, must oppose the development of the 
results I have been describing; and hence met- 
als not of absolute purity cannot be compared 
with each other in this respect. I have, never- 
theless, observed the same phenomeua in other 
metals; and as far as regards the sluggisliness 
of rotatory motion, traced it even into bis? 
muth. The following are the metals which have 
presented the phenomena in a greater or small- 
er degree: 

Copper Mercury 

Silver Platinum 

Gold Palladium 

Zinc Lead 

Cadmium Antimony 

Tin Bismuth 


2341. The aeocotfabcc pf these : 

wifli the beautiful discoveiy of Arago,^ ,wi& 
the results of the experiments of Her^el ai^ 
Babbage,* and with my own former inquirii^ 
(81),* is very evident. Whether the effect olt 
^ined by Ampere, with his copper cylinder and 
helix, ^ was of this nature, I cannot judge, inas- 
much as the circumstances of the experiment 
and the energy of the apparatus are not suffir 
dently stated; but it probably may have been. 

2342. As, because of other duties, three or 
four weeks may elapse before I shall be able to 
complete the verification of certain experir 
ments and conclusions, I submit at once these 
results to the attention of the Royal Society, 
and will shortly embody the account of theae- 
tion of magnets on magnetic metals, their ac- 
tion on gases and vapours, and the genend 
considerations in ano&er series of these fie- 
searches. 

Royd InstUvHon, Nov, 27, 1845 

i AnnaleB de Chimie, XXVII, 863; XXVII!, 826% 
XXXlIt 213. 1 am very glad to refer here to the 
Comptea Rendua of June 9, 1845* whm it appears 
that it was M. Arago who first obtained his peculiar 
results by the use of electro- as well as common mag- 
nets. 

* PhUoaophieal TranBaetions, 1825, p. 467. 

1832, p. 146. 

« BiHiotMqm Univeradlef XXI, p. 48. 


TWENTY-FIRST SERIES* 

§ 27. On New Magnetic Actions, and on the Magnetic Condition of 
AU Matter {continued) If v. Action of Magnets on the Magnetic 
Metals and Their Compounds f vi. Action of Magnets on Air and 
Gases *|f vii. General Considerations 

Received Dscbubeb 24, 1845, Read Jamvabt 8, .1848 

f V. Action of Magnets on the MagneUe whEtever their temp»at\ire; and eIbo Ihst tl^ 

MeUAe and Then" Compounds power is the same in character with that wlrn^ 

2343. The magnetic characters of iron, nickel they ordinarily possess. . < • ; 

and cobalt, are well known; and also the fact 2344. A piece of ircm wire, about 1 inch kttg 

that at certmn temperatures they lose their and 0.05 of an inch in diameter, bmng thci^ 
usual prc^rty and become, to ordinary test oughly deaned, was Sui^mnded at the nuddk 
and o^rvatkm, non-magnetic; then entering a fine platinum wire connected with theaiia> 

into the list of diamagnetic bodies and acting pending thread (2249) so as to swing hetwedl 
in like mapnay <nrRb them. Closer investiga- the pc^ of the dectro-magnet. The heat ef«| 
tion, however, haa diown me tiiat tiiey are still spirit-laittp was applied to H, and it. sdon Ae* 
very difierent to other bodies, and that thou^ quired a temperature whidi rendwed- ife 
inactive when hot, on nnwimnn magnets or to insensil:^ to the presence of argood ordihi|itF 
common tests, they are not so abeolutdy, hut magnet, howevmr closely it was sqifiroadwd to 
'Otain 4 eeriaia of magnetic power the heated iron* The tempecatiue the.,iireik 

‘ Wtunedettmn 1846. p. 41. was then rused condderal^ I dg k w r Ibiy'rdlitt^ 
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S(^nt of ths flams, and the electro-magnet 
thrown into action. Immediately the hot iron 
became magnetic and pointed between the 
poles. The power was feeble, and in this re- 
spect the state of the iron was in striking con- 
trast with that which it had when cold; but in 
character the force was precisely the same. 

2345. The iron was then allowed to fall in 
temperature slowly so that its assumption of 
the higher magnetic condition might be ob- 
served. The intensity of the force did not ap- 
pear to increase until the temperature arrived 
near a certain point, and then as the heat con- 
tinued to diminish, the iron rapidly, but not 
instantaneously, acquired its high magnetic 
power; at which time it could not be kept from 
the magnet, but flew to it, bending the sus- 
pending wire and trembling as it were with 
magnetic energy as it adhered by one end to 
the core. 

2346. A small bar of nickel was submitted to 
an experimental examination in the same man- 
ner. This metal, as I have shown, ^ loses its mag- 
netism as respects ordinary tests at a heat be- 
low that of boiling oil, and hence it is very well 
fitted to show whether the magnetic metals 
can have their power entirely removed by heat 
or not; and also whether the disappearance of 
the whole or greater portion of their power is 
sudden or gradual. The smallness of the mass 
to be experimented on assisted much in the de- 
termination of the latter point. Upon being 
heated the nickel soon became indifferent to 
ordinary magnets; but however high the tem- 
perature, still it pointed to and was attracted 
by the electa'o-magnet. The power was very 
feeble, but certain. It was scarcely enough to 
sustain the weight of the nickel by the magnet- 
ic action alone; but was abundantly evident 
when the metal was supported as described 
(2344). 

‘ 2347* On carefully lowering the temperature 
of the nickel, it was again found that the tran- 
sition from one degree of magnetic force to the 
other was progressive and not instantaneous. 
With iron it is difficult to preserve all the parts, 
either in heating or cooling, so nearly at the 
same temperature as to be sure that it is not 
the union of hotter and colder portions which 
gives the appearance of an intermediate de- 
gree of magnetism; but with nickel that is not 
so difficult, for the progression is more grad- 
ual, so that wh^ in coo^ the power began to 
merease, the cooling might be continued some 

\ k HOotoMeal Magat^ne, 1836, Vol. Vlll, p. 179, 
keHarekeBf Vd. 11, p. 219. 


time before the full degree of power came on; 
at any time in that period the temperature 
might be slightly raised, and though the power 
would then diminish a little, it could yet be re- 
tained at a degree stronger than the weakest. 
In fact it was easy to keep the nickel at many 
of the intermediate degrees of power, and thus 
to remove all doubt of the progressive assump- 
tion of the full degree of force. 

2348. 1 have expressed an opinion, founded 
on the different temperatures at which the 
magnetic metals appeared to lose their peculi- 
ar power,* that all the metals would probably 
have the same character of magnetism tf their 
temperature could be lowered sufficiently. The 
facts just described appear to me entirely 
against such an opinion. The metals whmh are 
magnetic retain a portion of their powe^ after 
the great change has been effected; or intwhat 
might be called their diamagnetic state; but 
the other metals, such as bismuth, tin, &c., 
present no trace of this power, and therefore 
are not in the condition of the heated iron, nick- 
el, or cobalt ; for in fact whilst these point axially 
and are attracted, the others point equatorially 
and are repelled. I therefore hope to be allowed 
to withdraw the view I then put forth. 

2349. I next proceeded to examine the pei'- 
oxides of iron, and in accordance with the ob- 
servations of M. Becquerel® and others found 
them all, both natural and artificial, possessed 
of magnetic power at common temperatures. 
1 heated them in tubes but found them still 
magnetic, suffering no diminution of the force 
by such temperature as 1 could apply to them. 

2350. Different specimens of the oxide of 
nickel were found to present the same phenom- 
ena. They were magnetic both when hot and 
cold; and that heat should cause no change in 
this respect is the more striking, because the 
hot oxide had a temperature given to it far 
higher than that necessary to produce the 
great magnetic change in the metal itself (2346). 

2351. The oxideof cobalt also was magnetic, 
and equally magnetic whether hot or cold. 
Glass coloured blue by cobalt is magnetic in 
consequence of the presence of the oxide of 
that metal, and is so whether hot or cold. In 
all these cases the degree of power retained was 
very small compared to that of the pure metal. 

2352. Proceeding to tiie saUe of iron, 1 found 
them magnetic. Clean crystals of the proto- 

* JPh%lo9ophical Magazine, 1836, Vol. VIII, P- 1 ?' 
ibid,, 1889, Vol. XIV, p. 161; or ExperimmUd 
eearehea, Vol. II, pp. 217, 225. ^ 

■ Annalee de Chvme, 1827, VoL XXXVI, p. 237, 
Ctmptee 1845, Vol. XX, p. 1708. 
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sulphate of Ivon were attracted and pointed 
axially very well; so also did the dry salti As I 
proceeded I found that every salt and com* 
pound containing iron in the basic part was 
magnetic. To enumerate the different sub- 
stances subjected to trial would be tedious; the 
following are selected as illustrations of the va- 
riety in kind: 

Protochloride Protophosphate 

Perchloride Perphosphate 

Iodide Nitrate 

Protosulphate Carbonate 

Persulphate Prussian Blue 

2353. Amongst native compounds 

Bog iron ore Yellow sulphuret of iron 

Hsematite Arsenical pyrites 

Chromate of iron Copper pyrites, and many 

others were magnetic 

2354. Green bottle-glass is comparatively very 
magnetic from the iron it contains, and cannot 
be used as tubes to hold other substances. 
Crown glass is magnetic from the same cause. 
Flint glass is not magnetic, but points equa- 
torially. 

2355. Crystals of the yellow ferro-prussiate 
of potassa^ were not magnetic, but were re- 
pelled and set equatorially ; and such was the 
case also with red ferro-prussiate. 

2356. According to my hopes, even the solu- 
tions of the ferruginous salts, whether in water 
or alcohol, were magnetic. A tube filled with a 
clear solution of proto- or persulphate of iron, 
or proto- or perchloride, or tincture of muriate 
of iron, was attracted by the poles, and point- 
ed very well between them in the axial direction. 

2357. These solutions supply a very impor- 
tant means of advancing nuignetical investiga- 
tion, for they present us with the power of 
making a magnet, which is at the same time 
liquid, transparent, and within certain limits, 
adjustable to any degree of strength. Hence the 
power of examining a magnet optically. Hence 
also, the capability of placing magnetic por- 
tions of matter one within another, and so ob- 
serving d 3 mamic and other phenomena within 
magnetic media. In fact, not only may these 
substances be placed as magnets in the mag- 
netic field, but the field generally may be filM 
with them, and then other boies and other 
magnets examined as to their joint or separate 
actions in it (2361, &c.). 

2358. In reference to the salts of nicfcci and 
cobalt, pure crystals of the sulphate of nickel 
were found to be well magnetic, and also pure 

. ‘ Ferro-prusaiato'Of potassa: now known as potas- 


crystals of sulphate of cobalt. Soluticms df the 
sulphate of nickel, the chloride of nickel, and 
the chloride of cobalt, were also magnetic. That 
1 might be perfectly safe in these conclusions I 
applied to Mr. Askin of Birmingham, whose 
power of separating nickel and cobalt from 
each other and other metals is well known, as 
also the scale upon which he carries on these 
operations; and he favoured me with a solution 
of chloride of nickel and another of chloride of 
cobalt perfectly pure, both of which proved to be 
well magnetic between the poles of my magnet. 

2359. Heat applied to any of these magnetic 
solutions did not diminish or affect their power. 

2360. These results with the salts of the mag- 
netic metals conjoin with those before quoted, 
as tending to show that the non-magnetic met- 
als could not by any change of temperature be 
rendered magnetic (2398), but as a class are 
distinct from iron, nickel, and cobalt; for hone 
of the compounds of the non-magnetic metals 
show, as yet, any indication of ordinary mag- 
netic force, whereas in respect of these three 
substances all their compounds possess it. 

2361. In illustration of the power which the 
iron and other similar solutions give in the in- 
vestigation of magnetic phenomena (2357), as 
well as in reference to the general conclusions 
to be drawn from all the facts described in this 
paper, I will proceed to describe certain antic- 
ipated results which were obtained by the em- 
ployment of these solutions in the magnetic 
field. 

2362. A clear solution of the proto-sulphate 
of iron was prepared, in which one ounce of the 
liquid contain^ seventy-four grains of the hy- 
drated crystals; a second solution was prepared 
containing one volume of the former and three 
volumes of water: a third solution was made 
of one volume of the stronger solution and fif- 
teen volumes of water. These solutions I will 
distinguish as Nos. 1, 2, and 3; the proportions^ 
of crystals of sulphate of iron in them were re- 
spectively as 16, 4, and 1 per cent nearly. These 
numbers may, therefore, be taken as represent- 
ing (generally only [2423]) the strength^!' the 
magnetic part of the liquids. 

2363. Tubes like that before described (227^ 
were prepared and filled respectively with these 
solutions and then hermetically sealed, as iittie 
air as possible being left in them. Glasses of the 
solutions were also prepared, laige enou|^ to 
allow the tubes to move freely in them, and 
yet of such sise and shape as would permit of 
thdir being placed between the magnetic poles^ 
In this manner the action of the magndlc 
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upoQ t&e matter in the tubes eotUd be 
examined and observed, both when the tubes 
were m diamagnetic me^a, as air, water, aioo- 
h(d, fto., and also in magnetic media, either 
stiituiger or weaker in magnetic force, than the 
substances in the tubes. 

23M. When these tubes were suspended in 
air between the poles, they all poin^ axially 
or magnetically, as was to be expected; and 
with forces apparently proportionate to the 
strengths of the solutions. When they were im- 
mers^ in alcohol or water, they also pointed 
in the same direction; the strongest solution 
very well, and also the second, but the weakest 
solution was feeble in its action, though very 
distinct in its character (2422), 

2365. When the tubes, immersed in the dif« 
ferent ferruginous solutions, were acted upon, 
the results were very interesting. The tube No. 
1 (the strongest magnetically), when in solu* 
tion No. 1, had no tendency, under the indu- 
enee of the magnetic power, to any particular 
position, but remained wherever it was placed. 
Being placed in solution No. 2, it point^ well 
asdally, and in solution No. 3 it took the same 
direction, but with still more power. 

2366. Ilie tube No. 2, when in the solution 
No. 1, pointed equatorially, i.e., as heavy glass, 
bismuth, or a diamagnetic body generally, in 
air. In solution No. 2 it was indifferent, not 
pointing either way; and in solution No. 3 it 
pointed axially, or as a magnetic body. The 
tube No. 3, containing the weakest solution, 
pointed equatorially in solutions No. 1 and 2, 
and not at all in solution No. 3. 

2367. Several other ferru^nous solutions va- 
rying in strength;.w^ prepared, and, as a gen- 
es^ and constant result, it was found that any 
tube pomted axially if the solution in it was 
stronger than the surrounding solution, and 
equatorially if the tube solution was the weak- 
er:^ the two. 

. The tubes were now suspended verti* 
eidHy, so that bmng in the diff^nt solutions 
tbesr eouU be broi^t near to (me of the mag* 
netio pdes, and enjoyed in place of the inch* 
eating cube or spbm of bii^uth, or heavy 
(^86). The constant result was that when 
tube etmtahied a stronger s(dution than 
^tiwluch surrounded it, it was attracted to 
the pole, but whmn its solution was the weaker 
^ tjte two, it was .repelledv The latter pfaenom- 
;5ilM^0re as to a|^[)earaiicein every respect the 
as those presented in the repulsi<m of 
glass, Insnutth, or any other diamsfr 


2362, Saving desiaibed th^ 
wiU defer thw further considemtion mtal 1 
arrive at the last divisi<m of this paper, and 
proceed to certain results more ei^cially be- 
longing to the present part of these ReieaiuAea, 

2370. As the magnetic metals, iron, nickel 
and cobalt, present in their compounds sub- 
stances also distinguished by the possession of 
magnetic properties (2360), so it appeared very 
probable that other metals, of whose magnetic 
character doubts were entertained, because of 
the possible presence pf iron in the specimens 
experimented with, might in this way have 
their magnetic character tested; for it i^nifid 
likely, from analogy, that every metql well 
magnetic per se, would be magnetic in itk com- 
pounds; and, judging from the character pf the 
great class of diamagnetic bodies (2275)'i that 
IK) magnetic compounds would be obtain|ad of 
a metal not magnetic of itself. Accordingly 1 
proceeded to ap^y this kind of test to the com- 
Unations of many of the metals, and obtained 
the following results: 

2371. Titanium, Wollaston has described the 
magnetic effects of crystals of titanium, ex- 
pressing at the same time a belief that they are 
due to iron.^ 1 took a specimen of the oxide of 
titanium, which I believe to be perfectly free 
from iron, and inclosing it in a tube (2279), 
subjected it to the action of the electro-mag- 
net (2246, 2247). It proved to be freely mag- 
netic. Another specimen obtained from Mr. 
Johnson, and believed by him to be perfectly 
free from iron, was also magnetic. Hence I con- 
clude that titanium is truly a magnetic metal. 

2372. Manganese, Berthier, as far as I am 
aware, first announced that this metal was 
mastic at very low temperatures.® On sub- 
mitting specimens of the various oxides, which 
were considered as pure, to the magnetic force, 
they were all found to he magnetic, especially 
the protoxide. So were the following compounds 
of manganese in the pure, dry, or crystallized 
state; chloride, sulplmte, ammonkHsulphate, 
phosphate, carbonate, borate; and ali^ the 
chloride, nitrate, sulphate, and ammonio-sul- 
phate when in solution. A specimen of the am- 
monioHSulphate was rendered alkaline by the 
additionof a little carbonated ammonia hoHed 
and then carefully crystallised thrice: after 
that the crystals and solution of the purified 
salt were perfectly wd well magnetic. I have 
no doubt) therdore, that manganese is a mag- 


> PhOoBophiettl Trantaeiiotit, 1823, p. 400, . 

> Tmiti Sm-Maaoi* par ia Koir 882- 

Phaatopkieal Maeatlne, 1848, V«L 
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netic mMLf Beilhier «aiii If soy opinion 
may be draum ooneeming the maipietic foree 
of the metal from the degree of xnagnetibsm of 
the compounds, 1 should expect that manga- 
nic possesses consdderable power of this kind 
when at a sufficiently low temperature.^ 

2373. Cerium^ I am not aware that cerium 
has as yet been classed with the magnetic met- 
als. Having made experiments With the hy- 
drated protoxide, the carbonate, and the chlo- 
ride of this metal, and also with the double sul- 
phate of the oxide and potassa prepared with 
gi'eat care, I found them all magnetic; and 
those that are soluble are magnetic in the state 
of solution. Hence, as the compounds are un- 
doubtedly magnetic, there is every reason to 
believe that cerium also is a magnetic metal 
(2370). 

2374. Chromium. The magnetic phienomena 
of chromium compounds are very interesting. 
Portions of the chromate and the bichromate 
of potassa were purified by three careful crys- 
tallizations each; part of the bichromate was 
heated in a platinum crucible, until the second 
equivalent of chromic acid was converted into 
the crystallized oxide, and this being washed 
out and dried was found to be well magnetic. 
So were all the other specimens of oxide of 
chromium which were examined. 

A specimen of 'Wariington’s chromic acid 
was found to be very feebly magnetic. 

2375. Chromate of lead, when subjected to 
the magnet, pointed equatorially and was re- 
pelled. Such was the case also with crystals of 
the chromate of potassa. Crystals of the bi- 
chromate, however, did not act thus; for if in 
any way affected they were in the least degree 
magnetic, showing the infiuenoe of the increased 
proportion of chromic acid. Solutions of either 
salt pointed well equatorially and were repelled ; 
thus showing the diamagnetic infiuenoe of the 
water present (2422). 

2375. As just stated, a solution of the bi- 
chromate contained in a tube, pointed equar 
torially and was repelled; but if the same solu- 
tion had a little alcohol added to it, and also 
some pure muriatic or sulphuric add, and were 
then heated fm* a few minutes to reduce the 
ohromie add to tiie state of oxide or ohloride, 
fhen, on bdng returned to the tube and sabr 
jocted to tiie magnet, it was found strongly 
magnetic. 

2377. ;1 think it has before been said that 
chromium is amagnetic metal; as these reisults 
bave beeh obtained with its pure compounds^ 

* ^hiihmtpkieal aTaowana 1846, Vd. XXVH, p. 2. 


there i6 im lenter any d<mbt in my 

such is the ease. ; ( , 

2378. Lead. The compounds of lead pdbt 
equatorially and are repined. The substances 
tried were the chloride, iodide, sulphuret, mk 
irate, sulphate, phosphate, carbonate, protest 
ide fused, and the acetate. A portion of very 
carefully crystallized nitrate bdng dissolved 
was predpitated by pure zinc, and lead ob* 
tain^ washed with dilute nitric acid, to re- 
move subsalts. Such lead was free from mag- 
netism, and therefore the metal ranks in tto 
diamagnetic class, both directly and by its 
compounds. Lead usually appears to be mag- 
netic, and it is not very easy to obtain the meb* 
al in the pure diamagnetic state. 

2379. Platinum. 1 have, as yet, found no 
wrought specimens of this metal free from mag^ 
netism, not even those prepared by Dr. W<5- 
laston himself, and left with the Royal Sodety, 
Specimens of the purest platinum obtain^ 
from Mr. Johnson were also found to be slight- 
ly magnetic. 

2380. Clean platinum foil and cuttings were 
dissolved in pure nitro-muriatic acid, and the 
solution evaporated to dryness. Both the solu- 
tion and the dry chloride pointed equatorially 
and were repelled by the magnet. A part of the 
chloride, being dissolved and rendered add, 
was precipitated by an acid solution of muriate 
of ammonia, and the ammonio-chloride of plat- 
inum washed and dried : it also, at the magneti 
pointed equatorially and was repelled. A por- 
tion of this ammonio-chloride, decomposed in 
a flmt-glass tube by heat, gave spongy plati- 
num, which being pressed together into a cak»^ 
pointed axiaUy and was attracted at the dde 
of the magnetic pole, being magnetic. 

2381. At present I believe that platinum ;is 

as a metal magnetic, though very slightiy 
and that in the compounds, the chainge of stats 
and the presence of other substances having 
the diamagnetic dmracter, are suffident to 
cover this property and make the whole com^ 
pound diamagnetic (2422). ^ i 

2382. PaB^um. All the palladium in. fte 

possession of the Royal Sodety, prepared. tQr 
Dr. Wollast(m, amounting to ten ini^ta and 
rolled plates, is magnetic. Specimens 
metal from Johnson, eonddered aa pulr^; 
were also slightiy The dalmide; lljss 

ammonioHbi^lo^, and tiie eymiurrt Of 
ladium, ikanted equatorially ax^wmrepMsfi 
by the magnet. Hie same<^iPanttret^ redii^hir 
hmt dther in open platinum vessda^ ibidem 
glasB tubes, gave palladium iKieeBdngm^iedie 
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6i magnetic property. Some of Wollas- 
ton’s palladium was dissolved in pure nitro- 
fonriat^e acid, and the solution slowly acted 
upon by pure zinc, free from iron, and not mag- 
n^io. five successive portions of the precipi- 
tated metal were collected, and aU were mag- 
neHc. Ammonio-bichloride of palladium was 
t>repared from the same solution by puie acid 
muriate of ammonia, and digested in nitro- 
muriatic acid. The salt itself was repelled, be- 
ing diamagnetic; but when reduced by heat in 
glass tubes, or in Berlin capsules, the palla- 
dium obtained was magnetic. From the result 
of all the experiments, I believe the metal to be 
feebly but truly magnetic. 

2383. Arsenic, This metal required very par- 
ticular examination, and even when carefully 
sublimed twice or thrice in succession, pre- 
sented appearances which sometimes made me 
class it with the magnetic, and at other times 
i^vdth the diamagnetic bodies. On the whole, I 
incline to believe that it belongs to the latter 
series of substances, being only in a very small 
degree removed from the zero or medium point. 
Pure white arsenic points freely in an equatorial 
direction, and is repelled by a magnetic pole. 

2384. In reference to the pointing of short 
bars between magnetic poles exposing large 
dat faces, I ought to observe, that such bars 
will sometimes point axially and seem to be 
ma^ietic when they do not belong to that 
ola^, and are repelled by a single pole. The 
cause of this effect has been already given 
(2298, 2299), and is obviated by the use of 
pdes having wedge-shaped or conical termina- 
tions. 

' 2385. Omivm. Osmic acid from Mr. John- 
son, in fine transparent crystals, was clearly 
diamagnetic, being repelled. Specimens of the 
metal and of the protoxide were both slightly 
ma^ietic. The protoxide had been obtained by 
the action of alcohol on a solution of osmic 
acid which had twice been distilled with water, 
and the metal was believed to be perfectly free 
from other substances. Probably, therefore, os- 
wtitim belongt to the magnetic class. 

'2386. Iridium, Mr. Johnson supplied me with 
beveral preparations of iridium. The oxide, 
dliloride, and ammonio-ohloride were magnet- 
ic; and so was a sample of the metal. One spee- 
iitien of the metal, which seemed to be very 
^ure, was scarcely at all magnetic; and on the 
whole, I incline to believe tiiat iridium does 
mt staxid in the magnetic class. 

2887. SAocKiim. A wefi-fused specimen of th^ 
lISMsl, prapued by Dr. WoUaston, was mag- 


netic; but crystals of the chloride and the so- 
dio-chloride of rhodium prepared by the same 
philosopher, and others also from Mr. John- 
son, were not magnetic, but pointed well equo- 
torially. I conclude, therefore, that the metal 
is probably not magnetic, or if magnetic, is but 
little removed from the zero point. 

2388. Uranium, Peroxide of this metal was 
obtained not magnetic; protoxide very slightly 
magnetic: I have set the metal for the present 
in the diamagnetic class. 

2389. Tungsten. The oxide of this metal, and 

also the acid, were submitted to examination, 
and found to. point well equatorially. The acid 
was distinefly repelled by a single magnetic 
pole; the oxide appeared nearly neutral! Hence 
I have, for the present, considered tungsten as 
a diamagnetic metal. \ 

2390. Silver is not magnetic (2291), nor its 

compounds. \ 

2391. Antimony is not magnetic (2291), nor 
its compounds. 

2392. Bisrnuth is not magnetic (2291), nor 
its compounds. 

Having tried many of the comi)ounds of each 
of these three metals, I thought it well to re- 
cord the accordance existing between them and 
their metallic bases (2370). 

2393. Sodium, A fine large globule, equal to 
half a cubic inch in size, was well repelled, and 
is therefore diamagnetic. 

2394. Magnesium. None of the compounds 
or salts of this base is magnetic. 

2395. 

Calcium Sodium 

Strontium Potassium 

Barium Ammonia 

None of the compounds or salts of these sub- 
stances is magnetic. 

2396. From the characters, therefore, of the 
compounds, as well as from direct evidence in 
respect of some of the metals, it would appear 
that, besides iron, nickel, and cobalt, the fol- 
lowing are also magnetic; namely, titanium, 
mangan^, cerium, chromium, palladium, plat- 
inum. It is, however, very probable that there 
may be metals possessing distinct magnetic 
power, yet in so slight a degree, as, like plati- 
num and palladium, not to exhibit in thwcom- 
pounds any sensible trace of it. Such may be 
the case with tungsten, uranium, rhodium, &c. 

2397. 1 have heated several of the diamag- 
netic metals, even up to their ffising-points, 
but have not been able to observe any ohangCf 
either in the dharacter or degree of their mag- 
netic rdMione. 
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2398. Perimps the oooling of some of the 
metals, whose compounds, like those of iron, 
nickel and cobalt, are magnetic, might develop 
in them a much higher degree of force, than 
any which they have as yet been known to pos- 
sess. Manganese, chromium, cerium, titanium, 
are metals of much interest in this point of 
view. Osmium, iridium, rhodium and uranium 
ought to be subjected with them to the same 
trial. 

2399. The followii^ is an attempt to arrange 
some of the metals in order, as respects their 
relation to magnetic force. The 0® or medium 
point is supposed to be the condition of a metal 
or substance indifferent to the magnetic force 
as respects attraction or repulsion in air or 
space. The farther substances are placed from 
this point, the more distinctive are they as re- 
gards their attraction or repulsion by the mag- 
net. Nevei theless tliis order may, very prob- 
ably, be found inaccurate by more careful ob- 
servation. 


Magnetic 

Diamagnetic 

Bismuth 

Antimony 

Zinc 

Tin 

Cadmium 

Sodium 

Iron 

Mercury 

Nickel 

Lead 

Cobalt 

Silver 

Manganese 

Copper 

Chromium 

Gold 

Cerium 

Arsenic 

Titanium 

Uranium 

Palladium 

Rhodium 

Platinum 

Iridium 

Osmium 

Tungsten 


0 ® 

If vi. Action of Magnets on Air and Gases 

2400. It was impossible to advance in an ex- 
perimental investigation of the kind now de- 
scribed, without having the mind impressed 
with various theoretical views of the mode of 
action of the bodies producing the phenomena. 
In the passing consideration of these views, the 
apparently middle condition which air held 
l>etween magnetic and diamagnetic substances 
was of the utmost interest, and led to many ex- 
periments upon its probable influence, which I 
will now proceed briefly to describe. 

2401. A thin flint-glass tube, in which com- 
jnon air was hermetically enclosed, was placed 
between the magnetic poles (2249) surrounded 
by air, and the effect of the magnetic force ob- 
served upon it. There was a very feeble tend:^ 


ency of the tube tonn equatortal position, due 
to the substance of the tube in which the air 
was enclosed. 

2402. The air was then withdrawn from 
around the tube more or less, and at last up to 
the highest amount which a good air-pump 
would effect; but whatever the degree of rare- 
faction, the tube of air still seemed to be af- 
fected exactly in the same manner as if sur- 
rounded by air of its own density. 

2403. I then surrounded the air-tube with 
hydrogen and carbonic acid in succession; but 
in both these, and in each of them at different 
degrees of rarefaction, the tube of air remained 
as indifferent as before. 

2404. Hence there appears to be no sensible 
distinction between dense or rare air; or, as far 
as these experiments go, between one gas or 
vapour and another. 

2405. As it did not seem at all unlikely that 
the equatorial and axial set of bodies, or their 
repulsions and attractions, might depend upon 
converse actions of the media by which they 
were surrounded (2361), so I proceeded to ex- 
amine what would occur with diamagnetic sub- 
stances, when the air or gas which surrounded 
them was changed in its density or nature, or 
what would happen to air itself when surround- 
ed by these substances. 

2406. The air tube (2401) was suspended 
horizontally in water (being retained below 
the surface by a cube of bismuth attached to it, 
just beneath the point of suspension, which 
therefore could have no power of giving it di- 
rection) ; it was then subjected to the magnetic 
forces, and immediately pointed well in an axn 
ial direction, or as a magnet would have done. 
Hemg brought near to one pole, it moved, on 
the supervention of tlie magnetic force, appear- 
ing as if attracted after the manner of a mag- 
netic body; and this continued as long as the 
magnetic force was sustained in action. 

2407. The air-tube was in like manner sub^^ 
jected to the action of the magnetic force, when 
surrounded by alcohol, and also by oil of tur- 
pentine, with precisely the same results as in 
water. In all these cases the action of air in the 
fluids was precisely the same as the action of a 
magnetic body in air. The air-tube was sub-, 
jected to the action of the magnet even whm 
under the surface of mercury, and here also it’ 
pointed axially. 

2408. In order to extend the experimental^ 
relations of air and gases, I proceeded to place 
substances of the diamagn^ic class in thein. 
TluiB the bar of heavy glass (22SS> was sus-^ 
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pc^idod in (tf aii4 tbe air alx)^^ 
more or lose rarefied, btit ae before, in tihie case 
of the air-tube (2402), alterations of this kind 
p!oduoed no effect. Whether the bar were in 
air at the ordinary pressure, or as rare as the 
pun^ could render it, it still pointed equato- 
zialiy, and apparently always with the same 
degm of force. 

2409. The bar of bismuth (2296) was sus- 
pended in the jar and the same alteration in 
the density of the air made as before; but this 
caused no difference in the action of the bis- 
znutii, either in kind or degree. Carbonic acid 
and hydrogen gases were then introduced in 
succession into the jar, and these also were em- 
ployed in different degrees of rarefaction, but 
the results were the same; no change took place 
hi the action on the bismuth. 

_^2410. A bismuth cube was suspended in air 
and gases at ordinary pressure, and also rare- 
fied as much as could and under these cir- 
cumstances it was brought near the magnetic 
pole and its repulsion observed; its action was 
in all these cases precisely the same as in the 
atmosphere. 

2411. The perpendicular copper bar (2323) 
was suspended near the magnetic pole in aocuo, 
but hs set, sluggish movements and revulsion 
were just the same as before in air (2324). 

2412. The following preparations in tubes 
(2401), namely, a vacuum, air, hydrogen, car- 
bonic acid gas, sulphurous acid gas, and va- 
pour of ether, were surrounded by water, and 
then subjected to the magnetic force; they all 
pointed axially, and, as far as I could percdve, 
wHh equal force. Being placed in alcohol, the 
snpae effect occurred. 

2413. The same preparations being surround- 
ed by air, or by carbonic acid gas, all set equa- 
tori^y- 

2414. Hie axial position of the tubes in the 
liquid (2412) depends, doubtless, upon the re- 
lation of the contents of the tahe to the sur- 
roimding medium; for as far as the matter of 
fhe tube is concerned, it alone would have 
tended to ^ve the equatorial portion. In the 
foilowingsueoeeding experiments (2413), where 
the tub» of gasc» in surrounding gases, 
^ equatorial position is due to this ^ect of 
the glass of the tube; and that it should pto- 
<kee its eonstant MAe effect, undisturbed by 
ail the variations of the gases and vapours, is a 
pnopf how like and how indifferent these Are 

to the other; 

M15. i suspended a tube of Hquid aulptuir- 
in gaseous mApImom acid; when un- 


d^ the magnei^c Infium^oe^ the liquid pdteted 
wdl equatorhdly. I surrounded liquid niWous 
acid by gaseous nitrous acid; the liqmd point- 
ed well equatorially. I plac^ liquid et^ ie 
the vapour of ether; the former pointed equa- 
torially . Upon suspending the tul^ of vapour of 
ether in liquid ether, the vapour pointed axially. 

2416. In every kind of trial, therefore, and 
in every form of experiment, the gases and va- 
pours still occupy a medium position between 
the magnetic and the diamagnetic classes. Fur- 
ther, whatever the chemical or other proper- 
ties of the substances, however different in 
their specific gravity, or however varied in 
their own'dlegree of rarefaction, they all be- 
come alike in their magnetic relation, ^d ap- 
parently equivalent to a perfect vacuuxij[. Bod- 
ies which are very marked as diamagnetic 
substances, immediately lose ail traces 4f this 
character when they become vaporous (2415). 
It would be exceedingly interesting to Know 
whether a body from the magnetic class, as 
chloride of iron, w^ould undergo the same change. 

f vii. General Considerationa 

2417. Such are the facts which, in addition 
to those presented by the phenomena of light, 
establish a magnetic action or condition of mat- 
ter new to our knowledge. Under this action, 
an elongated portion of such matter usually 
(2253, 2384) places itself at right angles to the 
lines of magnetic force; this result may be re- 
solved into the simpler one of repulsion of the 
matter by either magnetic pole. The set of the 
elongated portion, or the repulsion of the whole 
mass, continues as long as the magnetic force 
is sustained, and ceases with its cessation. 

2418. By the exertion of this new condition 
of force, the body moved may pass either along 
the magnetic lines or across them; and it may 
move along or across them in either or any di- 
rection. So that two portions of matter, simul- 
taneoudy subject to this power, may be made 
to approach each other as if they were mutu- 
ally attracted, or recede as if mutually repelled. 
All the phenomena resolve themselves into 
this; that a portion of such matter, when under 
magnetic action, tends to move from stronger 
to weaker places or points of force. When the 
substance is surroui^ed by lines of magnetic 
force of equal pow^ on all sides, it does not 
tend to move, and is then in marked contra- 
distinction witii a linear current of electricity 
under the same circumstances. 

2419. tUs oonditiioti and effect are 

onllf in respect to the exettbn of power by ft 





magnet over bo^ imeviotiidy sut^xieed to be 
ind^erei^ to its ktflueneei bat are netssa a mag- 
netio aetioa^ presenlmg us with a second mode 
in which the magnetic power can exert its in^ 
fluence. These two modes iu*e in the same gen- 
eral antithetical relation to each other as posi- 
tiveand negative in electricity, or as northness 
and southnesB in polarity, or as the lines of 
electric and magnetic force in magneto-elec- 
tricity; and the diamagnetic phenomena are 
the more important, because they extend large- 
ly, and in a new direction, that character of 
duality which the magnetic force already, in a 
certain degree, was known to possess. 

2420. AU matter appears to subject to the 
magnetic force as universally as it is to the 
gravitating, the electric and the chemical or 
cohesive forces; for that which is not affected 
by it in the manner of ordinary magnetic ac- 
tion, is affected in the manner I have now de- 
scribed; the matter possessing for the time the 
solid or fluid state. Hence substances appear to 
arrange themselves into two great divisions; 
the magnetic, and that which 1 have called the 
diamagnetic classes; and between these classes 
the contrast is so great and direct, though vary- 
ing in degree, that where a substance from the 
one class will be attracted, a body from the 
other will be repelled; and where a bar of the 
one will assume a certain position, a bar of 
the other will acquire a position at right angles 
to it. 

2421. As yet 1 have not found a single solid 
or fluid body, not being a mixture, that is per- 
fectly neutral in relation to the two lists; i.e., 
that is neither attracted nor repelled in air. It 
would probably be important to the consider- 
ation of magnetic action, to know if there were 
any mtural simple substance possessing this 
condition in. the solid or fluid state. Of com- 
pound or mixed bodies there may be many; 
and as it may be important to the advance- 
i&ent of experimental investigation, I will de- 
scribe the prinriples on which such a substance 
was prepared when required for use as a cm- 
cumamHent medium. 

2422. It M maAifest the prop^es of 
Q^etio and diamagnetic bodies are in oppo- 
sition as respects tiikt dynamic ejects; 
therefore, that by a due mixture of bodies frbm 
each eiaas, a subsfamee having any intermedi- 
ate degree of the propwly of either may be ob- 
tained. Prbtosul^ate hfon belongs to the 

and water to the diamagnetic dtes; 
^ I found it e«qr to 

wMoh was m attmcted 


nor nm* pc&tild when in ailr; Sudh 4 

solurion pointed axidSy when surrocmded by 
water. If made somewhat weaker in respect of 
the iron, it would point arially in water but 
equatoriidiy in air; and it could be made to 
p^s more and more into the magnetic or the 
diamagnetic class by the addition of more «]i- 
phate of bon or more water. 

1^3. Thus a fiuid me^um was obtained, 
which, practically, as far as I could perceive, 
had every magnetic character and effect of a 
gas, and even of a vacuum; and as we possess 
both maipietic and diamagnetic glass (!^54), 
it is evidently possible to prepare a solid sub- 
stance possessing the same neutral magnetic 
character. 

2424. The endeavour to form a general list of 
substances in the present imperfect state of our 
knowledge would be very premature: the one 
below is given therefore only for the purpose of 
conveying an idea of the singular association 
under which bodies come in relation to mag- 
netic force, and for the purpose of general ref- 
erence hereafter: 

Iron 

Nickel 

Cobalt 

Manganese 

Palladium 

Crown-glass 

Platinum 

Osmium 

O'* Air and vacuum 
Arsenic 
Ether 
Alcohol 
Gold 
Water 
Mercury 
Flint-gUws 
Tin 

Heavy gisiss 
Antimony 
Phosphorus 
Bismuth 

2425. It is very interesting to observe that 
metals are the mbstanoee which stand at tbe 
extremities of the list, being of all bodieB .^ose 
which aremost powerfully opposed to each othh 
er in their magnetic condition. It is also a vety 
rema^kabletarqumstanoe^ that thesediffatmii^ 
and departures from the medium cohdiri^miM 
in the metals at the two extremes; im 
muth, associated with a small ooirdiioi&gpWs^' 
er for electricnty. At the same ^ 
between tibese metals, as to tiiear hbroiiB and 
granular static thrir malleable and lidtib cbim- 
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acter^ wUi press upo& the mind whilst con- 
templating the possible condition of their mde- 
cules when subjected to magnetic force. 

2426. In reference to the metals, as well as 
the diamagnetics not of that class (2286), it is 
satisfactory to have such an answer to the 
opinion that all bodies are magnetic as iron, as 
does not consist in a mere negation of that 
which is affirmed, but in proofs that they are 
in a different and opposed state, and are able 
to counteract a very considerable degree of 
magnetic force (2448). 

2427. As already stated, the magnetic force 
is so strikingly distinct in its action upon bodies 
of the magnetic and the diamagnetic class, 
that when it causes the attraction of the one it 
pioduces the repulsion of the other; and this 
we cannot help referring, in some way, to an 
action upon the molecules or the mass of the 
substances acted upon, by which they are 
thrown into different conditions and affected 
accordingly. In that point of view it is very 
striking to compare the results with those which 
are presented to us by a polarized ray, espe- 
cially as then a remarkable difference comes 
into view; for if transparent bodies be taken 
from the two classes, as for instance, heavy 
glass or water from the diamagnetic, and a 
piece of green glass or a solution of green vit- 
riol from the magnetic class, then a given line 
of magnetic force will cause the repulsion of 
one and the attraction of the other; but this 
same line of force, which thus affects the parti- 
cles so differently, affects the polarized ray 
when passing through them precisely in the 
same manner in both casob; for the two bodies 
cause its rotation in the same direction (2160, 
2199, 2224). 

2428. This consideration becomes even more 
important when we connect it with the dia- 
magnetic and the optical properties of bodies 
which rotate a polarized ray. Thus the iron so- 
lution and a piece of quartz, having the power 
to rotate a ray, point by the influence of the 
seme line of magnetic force, the one axially and 
tiie other equatorially ; but the rotation which 
is impressed on a ray of light by these two bod- 
ies, as far as th^ are under the influence of the 
same magnetic force, is the same for both. Fur- 
ther^ this rotation is quite independent of, and 
^uite unlike that of the quartz in a most im- 
portant point; for tiie quartz by itself can only 
rotate tlto ray in one direction, but under the 
jss&nerm of tiie maipietic force it can rotate it 
both to the right and left, according to the 
^eourse of the my (2231, ^2). Or, if two pieces 


of quartz (or two tubes of oil of turpentine) be 
taken which can rotate the ray different ways, 
the further rotative force manifested by them 
when under the dominion of the magnetism is 
always the same way; and the direction of that 
way may be made either to the right or left in 
either crystal of quartz. All this time the conr 
frost between the quartz as a diamagnetic, and 
the solution of iron as a magnetic body remams 
undisturbed. Certain considerations regarding 
the character of a ray, arising from these con- 
trasts, press strongly on my mind, w^hich, when 
I have had time to submit them to further ex- 
periment, I Ijope to present to the Society. 

2429. Theoretically, an explanation of the 
movements of the diamagnetic bodies,\and all 
the dynamic phenomena consequent upon the 
actions of magnets on them, might be Offered 
in the supposition that magnetic induction 
caused in them a contrary state to that which 
it produced in magnetic matter; i.e., that if a 
particle of each kind of matter were placed in 
the magnetic field both would become mag- 
netic, and each would have its axis parallel to 
the resultant of magnetic force passing through 
it; but the particle of magnetic matter would 
have its north and south poles opposite, or fac- 
ing towards the contrary poles of the inducing 
magnet, whereas with the diamagnetic parti- 
cles the reverse would be the case; and hence 
would result approximation in the one sub- 
stance, recession in the other. 

2430. Upon Amp6re^s theory, this view would 
be equivalent to the supposition, that as cur- 
rents are induced in iron and magnetics par- 
allel to those existing in the inducing magnet 
or battery wire; so in bismuth, heavy ghiss and 
diamagnetic bodies, the currents induced are 
in the contrary direction. This would make the 
currents in diamagnetics the same in direction 
as those which are induced in diamagnetic con- 
ductors at the commencement of the inducing 
current; and those in magnetic bodies the same 
as those produce(La>t the cessation of the same 
inducing current. No difficulty would occur as 
respects non-conducting magnetic and diamag' 
netic substances, because the hypothetical cur- 
rents are supposed to exist not in the mass, but 
round the particles of the matter. 

2431. As far as experiment yet bears upon 
such a notion, we may observe, that the biown 
inductive effects upon masses of magnetic and 
diamagnetic metals ere the same. If a straight 
rod of iron be carried across magnetic 
foree^ or if it, orahdixrfimnrodeorw^®® 
bdd near a magnet, as the power in it risc^> 
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eleetric currents are induced, ivbieh move 
through the bars or helix in certain determi- 
nate directions (38, 114, &c.). If a bar or a helix 
of bismuth be employed under the same cir- 
cumstances the currents are again induced, 
and precisely in the same direction as in the 
iron, so that here no difference occurs in the di- 
rection of the induced current, and not very 
much in its force, nothing like so much indeed 
as between the current induced in either of 
these metals and a metal taken from near the 
neutral point (2399). Still there is this differ- 
ence remaining between the conditions of the 
experiment and the h 3 rpothetical case; that in 
the former the induction is manifested by cur- 
rents in the masses, whilst in the latter, i.e., in 
the special magnetic and diamagnetic effects, 
the currents, if they exist, are probajjly about 
the particles of the matter. 

2432. The magnetic relation of aeriform bod- 
ies is exceedingly remarkable. That oxygen or 
nitrogen gas should stand in a position inter- 
mediate between the magnetic and diamag- 
netic classes; that it should occupy the place 
which no solid or liquid element can take; that 
it should show no change in its relations by 
rarefaction to any possible degree, or even 
when the space it occupies passes into a vacu- 
um; that it should be the same magnetically 
with any other gas or vapour; that it should 
not take its place at one end but in the very 
middle of the great series of bodies; and that 
all gases or vapours should be alike, from the 
rarest state of hydrogen to the densest state of 
carbonic acid, sulphurous acid, or ether va- 
pour, are points so striking, as to presuade one 
at once that air must have a great and perhaps 
an active part to play in the physical and ter- 
restrial arrangement of magnetic forces. 

2433. At one time I looked to air and gases 
as the bodies which, allowing attenuation of 
their substance without addition, would per- 
mit of the observation of corresponding varia- 
tions in their magnetic properties; but now all 
such power by rarefaction appears to be taken 
fi'Way; and though it is easy to prepare a liquid 
medium which shall act with other bodies as 
air does (2422), still it is not truly in the same 
r^ation to them; neither does it allow of dilu- 
tion, for to add water or any such substance is 
to add to the diamagnetic power of the liquid; 
mid if it were possible to convert it into vapour 
mid so dilute it by heat, it would pass into the 
cla^ ^f gases and be magnetically undistin- 
guishaMe from the rest. 


2434. It is also vmy remarkable to observe 
the apparent disappearance of magnetic con?* 
dition and effect when bodies assume the vsr 
porous or gaseous state, comparing it at &e 
same time with the similar relation to light; 
for as yet no gas or vapour has been made to 
show any magnetic influence over the polarized 
ray, even by the use of powers far more than 
enough to manifest sudi action freely in liquid 
and solid bodies. 

2435. Whether the negative results obtained 
by the use of gases and vapours depend upon 
the smaller quantity of matter in a given vol- 
ume, or whether they are direct consequences 
of the altered physical condition of the sub- 
stance, is a point of very great importance to 
the theory of magnetism. I have imagined, in 
elucidation of the subject, an experiment with 
one of M. Cagniard de la Tour^s ether tubes, 
but expect to find great difficulty in carrying it 
into execution, chiefly on account of the 
strength, and therefore the mass of the tube 
necessary to resist the expansion of the im- 
prisoned heated ether. 

2436. The remarkable condition of air and 
its relation to bodies taken from the magnetic 
and the diamagnetic classes, causes it to point 
equatorially in the former and axially in the 
latter. Or, if the experiment presents its results 
under the form of attraction and repulsion, the 
air moves as if repelled in a magnetic medium 
and attracted in a medium from the diamag- 
netic class. Hence it seems as if the air were 
magnetic when compared with diamagnetic 
bodies, and of the latter class when compared 
with magnetic bodies. 

2437. This result I have considered as ex- 
plained by the assumption that bismuth and 
its congeners are absolutely repelled by the 
magnetic poles, and would, if there were nothr 
ing else concerned in the phenomenon than the 
magnet and the bismuth, be equally repelled. 
So also with the iron and its similars, the at- 
traction has been assumed as a direct result of 
the mutual action of them and the magnets; 
further, these actions have been admitted as 
suflicient to account for the pointing of the air 
both axially and equatorially, as also for its 
apparent attraction and repulmon; the effect 
in these cases being considered as due to the 
travelling of the air to those positions whidii tiie 
magnetic or diamagnetic bodies tended toleam 

2438. The effects with air are, however, in 
these results precisely the same as those which 
were obtained with the solutions of ircm mlvcr 
nous strengtiw (2365), where oB the bo^ be* 
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km^S^d to titti Jkiftgiietic dm, aad wherethoef^ 
Itet was evideiLtly due to tbegseateror sixialkdr 
<kigreeol siagEeti€ power possessed by theso- 
tutiotis. A weak solution in a skong^ pointed 
e^uatorially and was repeUed like a diamag^ 
neti^ not because it did not tend by attraction 
to an axial position, but because it tended to 
that position with less force than the matter 
around it; so the question will enter the mind, 
whether the diamagnetics, when in air, are re* 
polled and tend to the equatorial position for 
any other reason, than that the air is more mag- 
n^c than they are, and tends to occupy ton 
axial space. It is easy to perceive that if aU 
bodies were magnetic in different degrees, fonn- 
ing one great series from end to end, with air 
in the middle of the series, the ^ects would 
take place as they do actually occur. Any body 
fj^^m the middle part of the series would point 
equatorially in the bodies above it and axially 
in those beneath it; for the matter which, like 
bismuth, goes from a strong to a weak point 
of action, may do so only because that sub- 
stance, which is already at the place of weak 
action, tends to come to the place where the 
action is strong; just as in electrical induction 
the bodies best fitted to carry on the force are 
(kawn into the shortest line of action. And so 
air in water, or evmi under mercury, is, or ap- 
pears to be, drawn towards the magnetic pole* 

. 2439. But if this were the true view, and air 
had such power amongst other bodies as to 
stand in the midst of them, then one would be 
led to expect that rarefaction of the air would 
affect its place, rendering it, pertiaps, more dia- 
magnetic, or at all events altering its situation 
in toe list* If such w&ce the case, bodies that 
set equatorially in it in one state of density, 
W0ul4 ns it varied, change their potition, and 
at last set axially: W this they do not do; and 
whetoer toe rarefied air be compared with the 
magnetic or the diamagnetic class, or even with 
dmise air* it keqxi its place. 

S a view also would make mere 

qpaee ma^etic, and precisely to the same de^ 
m air and gases. Now though it may very 
w^ .be, toat space, air and gases, have ton 
samegan^rekdao^ force, iteeems 

tome a groataMtional lussumption to suppcm 
tiuKt to^ are aQ abtoliitoly magnetic, and in 
toe mkist of a series of bodies, rather toan to 
suppose toat toey are m a normal or aero state. 

' for toe present, toerefoie, I incline to toefor- 
imteriew/ando^^ that 

i^suhagneties have a action m^toet*^ 

hem 


and haw.tim8.;meseimd ns witii a magnatie 
properiy mw toouff knowledge*^^ 

2^. The amount of this poww in diamag- 
netic substances seems to be very small, when 
estimated by its dynamic effect, but the mo- 
tion which it can generate is perhaps not the 
most striking measure of its force; and it is 
probable that when its nature is more inti- 
mately known to us, other effects produced by 
it and other mdicators and noueasurers of , its 
powers, than those so imperfectly made known 
in this paper, will come to our knowledge; and 
perhaps even new classes of phenomena will 
serve to makQ it mcmifest and indicate its op- 
eration. It Is Very striking to observe toe feeble 
condition of a helix when alone, and toe as- 
tonishing force which, in giving and receiving, 
it manifests by association with a piece soft 
iron. So also here we may hope for some Analo- 
gous development of this element of powAr, so 
new as yet to our experience. It cannot for a 
moment be supposed that, being given to nat- 
ural bodies, it is either superfluous or insuffi- 
cient, or unnecessary. It doubtless has its ap- 
pointed office, and that one which relates to 
the whole mass of the globe; and it is probably 
because of its relation to the whole earth that 
its amount is necessarily so small (so to speak) 
in the portions of matter which we handle and 
subject to experiment. And small as it is, how 
vastly greater is this force, even in dynamic 
results, than the mighty power of gravitation, 
for instance, which binds the whole universe 
together, when manifested by masses of matter 
of equal magnitude! 

24^. With a full conviction that the uses of 
this power in nature will be developed here- 
after, and that they will prove, as all other 
natural results of force do, not merely impor- 
tant but essential, I will venture a few hasty 
observations. 

2443. Matter cannot thus be affected by the 
magn^c forces without being itself concerned 
in the pb^ommK)n«jind exerting in turn a due 
amount of influence upon the magnetic force. 
It requires mere observation to beaatisfied that 
when a magnet ig acting upon a piece of s^t 
irem, toe iron itsdif , by toe eonditkm wfficb ite 
particles assume^ carries on toe flnee tod^ut 
points, giving it dkeetiem and eoncenbration in 
a manner most striking. So also hero the condi- 
tion which toe partidbs of interyenmgdiamag- 
netiroaequlro, inay betbeveiy contotiem 
carries on and causes toe tranaf^ oi ^dree 
throiis^ them. In fqrmer papers ( 1161 , ^ 
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pn^p<M»4 atiieeiiy ol^lectii^ 
ed on the action , of contiguous partidea with 
which l am now even more content than at the 
time of its {uoposition: and I then ventured to 
suggest that probably the lateral action of dee- 
trical currents which is equivalent to electro- 
dynamic or magnetic action, was also conveyed 
onwards in a similar manner (1663, 1710, 1729, 
1735). At that time 1 could discover no pecu- 
liar condition of tbe intervening or diamagnetic 
matter ; but now that we are able to difltingnifth 
such an action, so like in its nature in bodies so 
unWce in theirs, and by that so like in character 
to the manner in which the magnetic force per- 
vades all kinds of bodies, being at the same 
time as universal in its presence as it is in its 
action; now that diamagnetics are shown not 
to be indifferent bodies, I feel still mpre confi- 
dence in repeating the same suggestion, and 
asking whether it may not be by the action of 
the contiguous or next succeeding particles that 
the magnetic force is carried onwards, and 
whether the peculiar condition acquired by dia- 
magnetics when subject to magnetic action, 
is not that condition by which such propaga- 
tion of the force is affected? 

2444. Whichever view we take of solid and 
liquid substances, whether as forming two lists, 
or one great magnetic class (2424, 2437), it will 
not, as far as I can perceive, affect the ques- 
tion. They are all subject to the influence of 
the magnetic lines of force passing through 
them, and the virtual difference in property 
and charact^ between any two substances tak- 
en from different places in the list (2424) will 
be the same; for it is the differential relation of 
the two which governs their mutual effects. 

2445. It is that group which includes air, 
gases, vapours, and even a vacuum which pre- 
sents any difficulty to the mind ; but here there 
is such a wonderful change in the physical con- 
stitution of the bodies, and such high powers 
in some respects are retained by them, whilst 
others seem to vanish, that we might almost 
expect some peculiar condition to be assumed 
in r^rd to a pcrwer so universal as the m^- 
netic force. Electric induction being an action 
through distance is varied enough amoiigst sol- 
id and liquid bo^es; but, when it coinqs to be 
exerted in ab or leases, where it most manifest- 
iy exists, it |b apke in amount in all (1292) ; 
ntithw does it in degree in au* howevw 
rare or dense it ipay be (1284). Now magnetic 
action n^y be Of^sideiod a mere function of 
electric force, andif it should be found to 

this particular rela- 


tion to iBsei^db<^^it w<mld imte^ 

mind any surprise. , 

2446. In rrference to the mann^ m which It 
is po^ble for electric force, either static or dy« 
xiamic, to be transferred from particle to par- 
ticle when they are lU; a distance from ea^ 
other, or across a Vacuum, I have nothing to 
add to what I have said before (1614, &c.). The 
supposition that such can take place, can pre^ 
sent nothing startling to the mind of those who 
have endeavoured to comprehend the radia- 
tion and the conduction of heat under one prinr 
ciple of action. 

^ 2447. When we consider the magnetic oomlit* 
tion of the earth as a whole, witixout reference 
to its possible relation to the sun, and reflect 
upon the enormous amount of diama^etic 
matters which, to our knowledge, forms its 
crust; and when we remember that magnetic 
curves of a certain amount of force and uni^ 
versa! in their pres^ce, are pasting throi;#L 
these matters and keeping them constantly in 
that state of tension, and thm^efore of action, 
which I hope successfully to have developed, 
we cannot doubt but that some great purpose 
of utility to the system, and us its inhabitants, 
is thereby fulfilled, which now we shdl have 
the pleasure of searchmg out. 

2448. Of the substances which compose the 
CFuti; of the earth, by far the greater portion 
belongs to the diamagnetic class; and thou|^ 
ferniginouB and other ma^etic matters, bei^ 
more energetic in their action, are consequent- 
ly more striking m their phenomena, we ehoidd 
be hasty in assuming that therefore they oim- 
rule entirely the effect of the former bodies. As 
regards tbe ocean, lakes, rivers, ami tiie atmosh 
phere, they will exert their peouHar effect sd- 
most uninfluenced by any magnetic matter in 
them; and as respects the rocks and mountains, 
their diamagnetic influence is perhaps greater 
than might be anticipated. I mentioned tiiatl^ 
adjusting water and a salt of inm togetho:’, I 
obtained a solution inactive in air (2422); 
is, by a due association of the forces of a bodf 
from eadht tiasa, water and a salt of iron, il^ 
magnetic force of the latter was entirely conn*-, 
teraoted by the diamagnetic force of 
mer, and the ^mixtore was neither attratiMd 
me repelled. To produce this effect, it required 
that more tima 48.6 grains of crystallised 
tosulpfaateof iron should be added to 10 cubic 
inches d ^ter (for these proportions gave a 
sohitbn wfaiidi BtiU set equatcniaHy), a 
tity Bo.lar^), itimt 1 was grea/tiy sstos&dsed^ 
obeesving thaiHnm d the wal^ 
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it It is not therefore at all unlikely that many 
of the masses which form the crust of this our 
globe may have an excess of diamagnetic pow- 
er and act accordingly. 

2449. Though the general disposition of the 
magnetic curves which permeate and surround 
our globe resemble those of a very short mag- 
net, and therefore give lines of force rapidly 
diverging in their general form, yet the magni- 
tude of the s:^tem prevents us from observing 
any diminution of their power within small 
limits; so that probably any attempt on the 
surface of the earth to observe the tendency of 
matter to pass from stronger to weaker pl^es 
of action would fail. Theoretically, however, 
and at first sight, I think a pound of bismuth 
or of water, estimated at the equator, where 
the magnetic needle does not dip, ought to 
.weigh less when taken into latitudes where the 
dip is considerable; whilst a pound of iron, 
nickel or cobalt, ought, under the same change 
of circumstances, to weigh more. If sudi should 
really prove to be the case, then a ball of iron 
and another of bimiuth, attached to the ends 
of a delicate balance beam; should cause that 
beam to take different inclinations on different 
parts of the surface of the earth; and it does 
not seem quite impossible that an instrument 
to measure one of the conditions of terrestrial 
magnetic force might be constructed on such a 
principle. 

2450. If one mi^t speculate upon the effect 
of the whole system of curves upon very large 
masses, and these masses were in plates or 
rings, then they would, according to analogy 
with the magnetic field, place themselves equa- 
torially. If Saturn were a magnet as the earth 
is, and his ring composed of diamagnetic sub- 
stances, the tendency of the magnetic forces 
would be to place it in tiie position which it ac- 
tually has. 

2451. It is a curious sight to see a piece of 
wood, or of beef, or an apple, or a bottle of wa- 
tar repelled by a magnet, or taking the leaf of a 
tree and hanging it up betwe^ the poles, to 
observe it take an equatorial position. Wheth- 
er any similar effects occur in nature amoi^ 
the myriads of forms which, upon all parts of 
the eakh’s surface, are surrounded by air, and 
are subfeet to the action of lines of magnetie 
force, is a question which can only be answered 
by future observation. 

2452. Of tihe interior of the earth we know 
notfamg, but there are many reasons for believe 
big tiiat it is of a temperature. On tiiis 
su^fxsntion I have recent mnarked, that at 


a certain distance from the surf aoe downwards, 
magnetic substances must be entirely desti- 
tute, either of the power of retaining magnct- 
imn, or becoming magnetic by induction from 
currents in the crust or otherwise.^ This is evi-* 
dently an error; that the iron, &c., can retam 
no magnetic condition of itself, is very prob- 
ably true, but that the magnetic metals and all 
their compounds retain a certain power of be- 
coming magnetic by induction, whatever their 
temperature, has now been proved (2344, &c.). 
The deep magnetic contents of the earth, there- 
fore, though they probably do not constitute 
of themselves a central magnet, are just in the 
condition to act as a very weak iron cep to the 
currents around them, or other inducing ac- 
tions, and very likely are highly impoWnt in 
this respect. What the effect of the mamag- 
netic part may be under the influence W such 
inductive forces, we are not prepared to\state; 
but as far as I have been able to observe, such 
bodies have not their power diminished by heat 
(2397). 

2453. If the sun has anything to do with 
the magnetism of the globe, then it is probable 
that part of its effect is due to the action of the 
light that comes to us from it; and in that ex- 
pectation the air seems most strikingly placed 
round our sphere, investing it with a transpar- 
ent diamagnetic, which therefore, is permeable 
to its rays, and at the same time moving with 
great velocity across them. Such conditions 
seem to suggest the possibility of magnetism 
being there generated ; but I shall do better to 
refrain from giving expression to these vague 
thoughts (though they will press in upon the 
nnnd), and first submitting them to rigid in- 
vestigation by experiment, if they prove worthy, 
then present them hereafter to the Royal So- 
ciety. 

Royal Institution, Dec. 22, 1845 

Feb. 2, 1846. I add the following notes and 
references to thes6 Researches: 

Bnigmans first observed the repulsicm of bismutb 
by a maipet in 1778. ArUonii Bruqtnan$ Maan^u- 
mvs eeu de affinUaHbus magneHeia waervationea mag- 
neticcB. Lugd. Batav. 1778, 1 41. ' 

M. le Baillif on the '^Repulsion of a Manet by 
Bismuth and Antimony,** Bulletin Vniveraelt 1827, 
Vol. Vn. p. 371; Vol, VIII, pp. 87, 91. 94. 

Saigey on the **Magnetism of certain natural com- 
binations of Iron, and on the mutual repulsions ot 
Bodies in general/* Ibid., 1828, Vol. IX, pp. 69, 167. 

S^beck on the **Magn6tie Polarity of diffg;®®* 
Metals, Allosrs and O^des,** Ibid., 1828, Vol. IXi P* 
I7d. ^ 

« PkaoaspMsta Maottsina, 1845, VoL XXVUr P* ^ 
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2454. Mant results obtained by subjecting bis- 
muth to the action of the magnet have at va- 
lious times embarrassed me, and I have either 
been contented with an imperfect explanation, 
or have left them for a future examination: 
that examination I have now taken up, and it 
has led to the discovery of the following re- 
sults. I cannot, however, better enter upon the 
subject than by a brief description of the anom- 
alies which occurred, and which may be ob- 
tained at pleasure. 

2455. If a small open glass tube have a bulb 
formed in its middle part and some clean good 
bismuth be placed in the bulb and melted by a 
spirit-lamp, it is easy afterward, by turning 
the metal into the tubular part of the arrange- 
ment, to cast it into long cylinders: these are 
very clean, and when broken are seen to be 
crystallized, usually giving cleavage planes, 
which run across the metal. I prepare them 
from 0.05 to 0.1 of an inch in diameter, and, if 
the glass be thin, usually break both it and the 
bismuth together, and then keep the little cyl- 
inders in their vitreous cases. 

2456. Taking some of these cylinders at ran- 
dom and suspending them horizontally between 
the poles of the electro-magnet (2247), they 
presented the following phenomena. The finrt 
pointed axially; the second, equatorially; the 
third, eqpiatorial in one position, and obliquely 
equatorial if turned round on its axis 50® or 
60®; the fourth, equatorially and axially under 
the same treatment; and all of them, if sus- 
pended perpen^cularly, pointed well, vibrat- 
ing about a final fixed position which seemed 
to have no refer^ce to the form of the cylin- 
ders. In all these eases the bismuth was strongly 
^amagnetie (2295, &c.), being repelled by a 
single magnetic pole, or passing off on either 
side from the axial line between two poles. A 
^^i^r piece of finidy-grained or granular bis- 

, TtuntMitmB, 1849, p. 1. The Ba- 

Kenan Lecture. 


muth was, under the same circumstances and 
at the same time, affected in a perfectly regu- 
lar manner, taking up the equatorial position 
(2253), as a body simply diamagnetic ought to 
do. The cause of these variations was finally 
traced to the regularly crystalline condition of 
the metallic cytoders. 

f i. Crystalline Polarity of Bismulh 

2457. Some bismuth was crystallized in the 
usual manner by melting it in a clean iron ladle, 
allowing it partly to congeal, and then pouring 
away the internal fluid portion. Pieces so ol^ 
tained were then broken up by copper ham- 
mers and tools, and groups of the cr 5 r 8 tal 8 sep- 
arated, each group or piece consisting only of 
those crystals which were symmetrically ar- 
ranged, and therefore likely to act in one di- 
rection. If any part of the fragments had been 
in contact with the iron ladle, it was cleared 
away by rubbing on sandstone and sandpaper. 
Pieces weighing from 18 grains to 100 grains 
were thus easily obtained. 

2458, The electro-magnet employed in thB 
first instance was that already described (2!247) ^ 
having moveable terminations which supplied 
either conical, round, or flat-faced poles. That 
the suspension of the bismuth might be readily 
effected and unobjectionable as to magnetic in- 
fluence, the following arrangement was gen- 
erally adopted. A single fibre of cocoon silk, 
from 12 to 24 inches in length, was attached to 
a fit support above, and made fast below to the 
end of a piece of fine, straight, well-cleaned 
copper wire, about 2 inches in length ; the lower 
end of this wire was twisted up into a little 
head, and then furnished with a pellet of ce- 
ment, made by melting together a portion of 
pure white wax with about one-fourth its weight 
of Canada balsam. The cement was soft enough 
to adhere by pressure to any dry substance, 
and sufficiently hard to sustain wei^te up to 
300 grains, or even more. When prepmdi the 
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nm subjected by itsdf to the action 


of the magnet, to ascertain that it was free 
from any tendency to point, or be affected; 
without which precaution no confidence could 
be reposed in the results of the experiments. 

2459. A piece of selected bismuth (2457)^ 
wd^ng 25 grains was hung up between the 
poles of the magnet, and moved with great 
freedom. The constituent cubes were associated 
in the usual manner, being attached to each 
other chiefly in the line joining two opposite 
solid angles; and this line was in the greatest 
length of the piece. The instant that the mag- 
netic forcewason, thebismuth vibrated strongly 
about a given line, in which, at last, it settled; 
and if moved out of that position, it returned, 
when at liberty, into it; pointing with con- 
siderable force, and having its greatest length 
02 ^. 

"^2460. Another piece was then selected, hav- 
ing a flatter form, which when subjected to the 
magnetic power, pointed with the same facility 
and force, but its greatest length was equato- 
lid: still the line according to which the cubes 
tended to associa^ diametrally, was, as be- 
fore, in the axud direction. Other pieces were 
then taken of different forms, or shaped into 
various forms by rubbing them down on stone, 
but they all pointed weU; and took up a final 
position, which had no reference to the shape, 
but was manifestly dependent on the crystal- 
line condition of the substance. 

2461. In all these cases the bismuth was diar 
magnetic, and strongly repelled by either mag- 
netic pole, or from the axial line. It was affected 
only whilst the magnetic hice was present. It 
eet in a ^yen constant position perfectly de- 
tenhinate; and, if moved, always returned to 
^ unless the extent of motion was above 90**, 

then the piece moved farther round and 
i^k up a new pomtion diametrically opposed 
to the former, which it then retained with equal 
force, and in the same manner. This phenome- 
non is general in all the results I have to refer 
to, and I will express it by the word diametrsd: 
dimelae! set or pomtion. 

2462. The effect occuie with a single mag- 

netic pole, and it is then striking to observe a 
long piece of a substence, so diamagnetic as 
Idsmuth, repelled, ahd yet at the same mo^ 
meat set roimd with fmee, axially or end on, as 
a ^eee of would do. 

9463. Whet^tim magnetic poles employed 
12453) are pdnted^ or flatfaced, still 

the effect on the bismuth is the same; never- 
IlMfiaBS, the tom of the pedes has an important 


influeneeofasidKndtoteldnd;andscmelonn^ 
are much more fitted to these investigations 
than others. When pointed poles areem^oyed, 
the lines of magnetic fpree (2149) rapidly di- 
verge, and the force itself dimimshes in inten- 
sity to the middle distance from each pole. But 
when flat-faced poles are used, though the lines 
of power are curved and vary in intensity at 
and towards the edges of the flat faces, yet 
there is a space at the middle of the magnetic 
field where they may be considered as parallel 
to themagnetic axes, and of equal force through- 
out. If the flat faces of the poles be square or 
circular, and their distance apart about one- 
third of tHetr diameter, this space of i^niform 
power is of considerable extent. In my experi- 
ence the central or axial portion of th4 mag- 
netic field is sensibly weaker than the ciircum- 
jacent parts; but, then, there is a small slcrew- 
hole in the middle of each pole face, for t)^e at- 
tachment of other forms of termination. 

2464. Now the law of action of bismuth, as a 
diamagnetic body, is that it tends to go from 
stronger to weaker places of magnetic force 
(2267, 2418) ; but as a rnagnecrystaUic body it is 
subject to no effect of the kind; and is as pow- 
erfully affected by lines of equal force as by 
any other. So a piece of amorphous bismuth, 
suspended in a magnetic field of uniform power, 
seems to have lost its diamagnetic force alto- 
gether, and tends to acquire no motion but 
what is due to torsion of the suspending fibre, 
or currents of air; but a piece of regularly crys- 
tallized bismuth is, in the same situation, very 
powerfully affected by virtue of its magnecrys- 
tallic condition. 

2465. Hence the great value of a magnetic 
field of uniform force; and, if, hereafter, m the 
extension of these investigations to bodies hav- 
ing only a small degree of crystalline power, a 
perfectly uniform field should be required, it 
could easily be given by making the form of 
the pole face somewhat convex, and rounded 
at the edges more or less. The required shape 
could be ascertained by calculation, or perhaps 
better in practice, by the use of a little test 
cylinder of bismuth an the’ granular or amor- 
phous state, or of phosphorus. 

2466. In addition to these observations, it 
xzaay be remarked that small crystidbi or nuusses 
of crystals, and such as approach in their gen- 
eral shape to that of a cube or a i^ere, are 

better ti^laige or dongatedpiec6ii^;inasmuch, 

as if there be irregularities Sn the toce of e 
magnetio fi^, such piecjc^ are less hk^y ^ ^ 
affected by tluHn. 
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2467. WkeH crystftl of biramith k ta a 
magnetic fidd of equd strength, it is equdly 
affected whether it be in the middle of the field 
or close up to one or the other magnetic pole; 
i.e. the number of vibrations in equal times 
appears to be equal. Much care, however, is re- 
quired in estimating it by such means, because, 
from the occurrence of two positions of un- 
stable equilibrii^ in the equatoiial direction, 
the vibrations in large arcs are much slower 
than those in small arcs; and it is difficult in 
different cases to adjust them to the same ex- 
tent of vibration. 

2468. Whether the bismuth be in a field of 
intense magnetic force or one of feeble powers; 
whether the magnetic poles are close up to the 
piece, or are opened out until they are five or 
six inches or even a foot asunder; whether the 
bismuth be in the line of maximum force, or 
raised above, or lowered beneath it; whether 
the electric current be strong or weak, and the 
magnetic force, therefore, more or less in that 
respect; if the bismuth be affected at all it is al- 
ways affected in the same manner. 

2469. The results are, altogether, very dif- 
ferent from those produced by diamagnetic ac<^ 
tion (2418). They are equally distinct from 
those discovered and described by PlUcker, in 
his beautiful researches into the relation of the 
optic axis to magnetic action; for there the 
force is equatorial, whereas here it is axial. So 
they appear to present to us a new force, or a 
new form of force, in tiie molecules of matter, 
which, for convenience sake, I will convention- 
ally designate by a new word, as the magne* 
crygtaUic force. 

2470. The direction of this force is, in relar 
tion to the magnetic field, axial and mU equa- 
torial: this is proved by several considerations, 
l^us, when a piece of regularly cr3r8talliaed 
bismuth was suspired in the magnetic field, 
it pointed ; keeping it in this positicm, the point 
of sui^senticm was removed 90^ in the equato- 
rial plane (2252), so that when again freely 
suspended, the line through the crystal, whi(^ 
was before horizontal in ^ equatorial plane, 
was now vertical; the piece again pointed, and 
generally witih more force than before. The 
line pa88ing.ihroug^ the crystal, ooincidentwitii 
the mag^ietic axis, may now be taken asa line 
of force; and if the process of a quarter revolu- 
tion in tile equatorial plane be repeated, howt* 
e^r rften, tiie (uystal stiil continues to pomt 

asimmed Ime trf force in the magnetic 
and wSlfe si maxigmm degree of power. 
But n^yiftiiepoitit idaoi^lhiition bb removed 


9(f in the plane cl the aak, 
the assumed line of force, so, that wheh;tto 
crystal i» again freely suspended this Ime is 
vertical; then, the crystal presents Hb peculiar ^ 
effect at a minimum^ bring almost or ^tire^ 
devoid of pointing power, and exhibits in rriar 
tion to the magnet, only the ordiniuy diamag- 
netic force (2418). 

2471. Now if tiie power had been equatcnrial 
and polar, its maximum effect would not have 
been produced by a change of the point of sus- 
pension through 90'* in the equatorial |daIle^ 
but by the same change in the axial plane, and 
any rimilar change after that in the axial plane, 
would not have ^sturbed the maximum force; 
whereas a single change of 90** in the equatorial 
plane, would have brought the line of force 
vertical (as in PlQcker’s case of Iceland spar), 
and reduced the results to a minimum or zero. 

2472. The directii^ force, therefore, and the 
set of the crystal are in the axud direction. This 
force is, doubtless, resident in the particles of 
the cry^al. It is such, that the crystal can set 
with equal readiness and permanence in two 
diametral positions; and that between these 
there are two positions of equatorial equilib^ 
rium, which are, of course, unstable in thrir 
nature. Either end of the mass or of its mole- 
cules is, to all intents and purposes, both in 
these phenomena, and in the ordinary results 
crystallization, like the other end ; and in many 
cases, therefore, the words axial and axuditg 
would seem more expressive than the words 
polar and polarity. In presenting the ideas to 
my own mind, I have found the meaning be- 
longing to the former words the more useful^ 

2473. On placing the mdai in other positios^ 
and therefore in a constrained condition, no al«> 
teration of the state or power of the biimuith, 
either in force or direction, is produced by the 
power of the magnet, however sttong ite en- 
forcement or long its. continuance. 

2474. It is difficult readily to describe the 
position of this force in relation to the crystal 
though most easy to ascertain it experimenh^ 
ally. The form of the l^muth crysti^ is saki 
to be that of a cube, and of its primitive par^ 
tide a regular octdhedron. To me the ory^ale; 
do not seem 4io be cubes, but rith^ ihcnribrii!^ 
er rhombic prisms, ai^oaching very i^eariy^^ 
eubriu My mmsuretnents were veiyimpsri ^ 
and the (n^ietats not regular; but as an avemgb 
of seveiid' observations, the'pliftnes 

dined to each other^ at 4nj^es id 931# and 
and thb boundary Imes of a plane at 
87)# and Wlndever be tiw 
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is manifest, upon inspection, tiiat the aggre- 
gating force tends to produce crystals having 
more or less of the rhomboidai shape aaid rhom- 
bic planes; and tiiat these crystals run together 
msymmetric groups, generally in the direction 
of their longest diameters. Now the line of 
magneerystallic force almost always coincides 
with this direction where the latter is apparent. 

2475. The cleavage of bismuth crystals re- 
moves the solid angles and replaces them by 
planes; so that there are four directions pro- 
ducing the octohedron. These cleavages are 
not (in my experience) made with equal facil- 
ity, nor do they produce planes equally bright 
and perfect. Two, and more frequently one, of 
these planes are more perfect tiian the others; 
and this, the most perfect plane, is that which 
is producedat the most acute solid angle (2474) ; 
and is generally easily recognised. When a bis- 
muth crystal presents many planes of cleavage 
and is suspended in the magnetic held, one of 
these planes faces towards one of the magnetic 
poles, and its corresponding plane, if it be there, 
towards the other; so that the line of magne- 
crystaliic force is perpendicular to this plane: 
and this plane corresponds to the one which I 
have already described as being, generally, the 
most perfect, and replacing the acute angle of 
tihe crystal. 

2476. Asingle crystal of bismuth was selected 
and cut out from the mass by copper tools, and 
the places where it had adhered were rubbed 
down on sand-paper, so as to give the fragment 
a cube-like form with six planes; four of these 
planes were natural. One of the solid angles, 
expected to be that terminkting or in the di- 
rection of the line of magnecrystallic force, was 
removed, so as to expose asmall cleavage plane, 
wfaieh was bright and perfect, as also was ex- 
pected. When suspended in the magnetic field 
with this plane vertical, the crystal instantly 
pointed with considerable force, and with the 
plane tcrwards either one or the other magnetic 
^e; 80 that the magnecrystallic axis appeared 
now to be horisontal and acting with its great- 
est power. When this axial line was made verti- 
cal, and the plane therefore bmizontal, the 
po^on being catefuUy adjusted, the crystal 
did not point at all. Bdng now suspended in 
aucoeasmn at all the angles and faces of the 
cube, it always pointed with more or less foiiee ; 
but always so that a line drawn peipendicu^- 
larly through the mdicafting elnavage jdahe 
Crig)]!e6mi^g theiefoib the of force) ipw ^ 

same vertical plane as that mciiu^g !fhe 
8n4 fotaily, whw the t^hi 


cleavage plane was horisonial and the line of 
directive force therefore vertical, inclining it a 
tittle in a given direction would make any given 
part of the crystal point to the magnetic poles. 

2477. A group of bismuth crystals, the apex 
of which was terminated by a single small cleav- 
age facet, was found to give the same results. 

2478. Occasionally groups of crystals (2457) 
occurred which did not seem capable of being 
placed in some one position in which they lost 
all directive power, but seemed to retain a min- 
imum degree of force. It is very unlikely, how- 
ever, that all the groups should be pei'fectly 
symmetric*im*the arrangement of theW parts. 
It is more surprising that they should baso dis- 
tinct in their action as they are. In refer^ce to 
bismuth, and many other bodies, it is probable 
that magnetic force will give a more impcfftant 
indication in relation to the essential and real 
crystalline structure of the mass than its form 
can do. 

2479. 1 have already stated that the magne- 
cryBiaUic force does not manifest itself by at- 
traction or repulsion, or, a;t least, does not 
cause approach or recession, but gives position 
only. The law of action appears to be that the 
line or axis of magnbcrystallic force (being 
the resultant of the action of all the molecules), 
tends to place itself paralkl, or as a tangentf to 
the magnetic curve or line of magnetic force^ pass- 
ing through the place where the crystal is situated. 

2480. I now broke up masses of bismuth 
which had been melted and solidified in the or- 
dinary way, and selecting those fragments which 
appeared to be most regularly crystallized, sub- 
mitted them to experiment. It was almost im- 
possible to take a small piece which did not 
obey the magnet and point more or less readily. 
By selecting the thin plates with perfect cleav- 
age planes, I readily obtained specimens which 
corresponded , in all respects with the crystals; 
butthiekerplatesor angular pieces often proved 

complicated in the results, though apparently 
simple and regular as to form. Occasionally) 
tire cleavage plane, which I have hitherto 
tai^ for that perpendicular to the line of force 
(2475), has proved not to be the plane sup- 
pCKied; but, after observing experimentally tiie 
direction of the magnecrystallic power, I have 
always either found, or else obtained by cleav- 
age, a plane corresponding to it, possessing the 
appearance and character before described 
<247S). Binnuth plates from the one 4 wentie(th 
to the one-tenth of an mxsb in thiekhess,^ and 
bounded by parallel.and siisilar planes, 
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broken up, often pi^ved, upon ooidar exam* 
ination, to be oompounded and irregular. 

2481. When a wellHseleeted plate of bismuth 
(mine are about 0.3 of an inch in length and 
breadth, and 0.05, more or less, in thickness) is 
hung up by the edge in the magnetic field, it 
vibrates and points, presenting its faces to the 
magnetic poles, and setting diametrally (2461). 
By whatever part of the edge it is suspended, 
the same results follow. But if it be suspended 
horizontally, the cleavage planes of the frag- 
ment and of the magnetic axis being parallel to 
the plane of motion of the plate, then it is perfect- 
ly indifferent; for then the line of magnecrys- 
tallic force is perpendicular to the line of mag- 
netic force in every position that it can take. 

2482. But if the plate be inclined at only a 
very small angle from this position, it points, 
and that with more force as the planes become 
more nearly vertical (2475) ; and the phenom- 
ena before described with a crystal (2476), 
can here be obtained with a fragment from a 
mass, and any part of the edge of the plate 
made to point axially, by elevating or depress- 
ing it above or below the horizontal plane. 

2483. If a number of these crystalline plates 
be selected at the magnet, they may after- 
wards be built up together, with a little good 
cement (2458), into a mass which has perfectly 
regular magnecrystallic action; and in that re- 
spect resembles the crystals before spoken of 
(2459, 2468, 2476). In this mamier, also, the 
imnagnetic effect of the bismuth may be neu- 
tralized; for it is easy to build up a prism whose 
breadth and thickness are equal, and this being 
hung with the length vertical, points well and 
without any interference of diamagnetic action. 

2484. By placing three equal plates at right 
angles to each other, asystem is obtained, whidh 
has lost all power of pointing under the influ- 
ence of the magnet, the force being, in every 
direction, neutralized. This represents the case 
of finely crystallized or amorphous bismuth. 
The same result (having the same nature) may 
be obtained by taking a selected uniform mass 
of crystals (2457), melting it in a glass tube 
f^d resolidifying it: unless the crystallization 
is large and distinct, which rarely happens, the 
piece obtained is apparently without magne* 
crystallio force. A like result is also obtained by 
breaking up the crystal and putting the small 
fragments or powder into a tube, and submit- 
ting'the.whole to the force of the magnet. 

2486. These experiments on lasmuth are i^t 
difficult of repetition; for, except those which 


require the sudden production or cessation of 
the magnetic force, the whole may be repeatied 
with an ordinary horseshoe magnet. A mag* 
net, with which I have wrought considerably, 
consists of seven bars placed side by side, and 
being fixed in a box with the poles upwards, 
presents two magnet cheeks, an inch and a 
quarter apart, between which is the magnetic 
field, having the lines of force in a horizontal 
direction. The poles of the magnet should be 
covered, each with paper, to prevent commun- 
ication of particles of iron or rust. The best 
place for the piece of bismuth is, of course, be- 
tween the poles; not level, however, with their 
tops, but from 0.4 to 1.0 inch lower down (2463), 
that the effect of fiat-faced poles may be ol^ 
tained. If it be desired to strengthen the lines 
of magnetic force, this may be done by intro- 
ducing a piece of iron between the poles of the 
magnet, and so, by virtually causing them to 
approach, lessen the width of the magnetic 
field between them. 

2486. The magnet 1 used would sustain 30 
lbs. at the keeper; but employing small pieces 
of bismuth, I have easily obtained the effects 
with magnets weighing themselves not more 
than 7 ounces, and able to sustain only 22 
ounces; so that the experiments are within the 
reach of every one. 

2487. Whilst the crystal of bismuth is in the 
magnetic field, it is affected very distinctly, 
and even strongly, by the near approximation 
of soft iron or magnets, and after the following 



manner. Let 1 represent in plan the posltfoa 
of the two chief magnetic poles, and of a piece of 
crystallized bismuth between them, which, by 
its magnecrystallic condition, points axially* 
Then, if a piece of soft iron be applied againdt 
the cheek of the pole, as at e, and also near to 
the bismuth, as at a, it will affect the latter and 
cause its approach to the iron. If the iron be ap*? 
plied in asimilar manner at/, or A, it will have 
a like result in causing motion of the bismutiif 
and the parts marked 5, c, and d, will in jmm 
approach it, seeming to attract^* tf theacit 
iron (fo not touch the pde,lsrt hil 
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g^oerally the same pc»d&ni8, the same the positioii mi the bifloauth wee aot effeeted: 


effects^ but in a weato^ degree, are produced. 

^ 2488. Though these motions seem to indi* 
cate an effect of attraction, 1 do not believe 
thmn to be due to any such cause, but simply 
to the influence of the law of action (2479) b^ 
lore expressed. The previously uniform condi* 
tioa of the magnetic field is destroyed by the 
presence of the iron; lines of magnetic force, of 
greater intensity than the others, proceed from 
&e ax^le a of the iron in the position repre- 
sented, or from the corresponding angles in the 
dher positions (the shape of the pole now ap- 
proximating more or less to the conical or pomt^ 
form), and therefore the crystal of bismuth 
moves round on the axis of suspension, that it 
may place the line of magnecrystallic force 
j^allel or as a tangent to the resultant of the 
magnetic forces which pass through ins mass. 

2489. When in place of the group of crystals 
a crystalline plate of bismuth (2481) is em- 
ployed, the appearances product under sim- 
ilar circumstances, are those of repulsion; for 
iiFig.e be allowed to represent this sta^ of 
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things, the piece of iron applied at e causes the 
|date to recede from it at a, or if applied at/, 
or hf it causes recession of tile bismuth from it 
at the points h, c, and d. Now though these ef- 
fects look like repulsion, they are, as 1 con- 
clude, nothing more than the consequences of 
the endeavour which the bismuth makes und^ 
Ihe bw before expressed (2479), to place the 
mf^eciystallic line of force parallel to, or as a 
tangent to the resultant of magnetic force pass- 
ing ttoough the bismuth. 

2490. A piece of iron wire about IH indtos 
long, ^d 0.1 or 0.2 of an inch thick, being hdd 
in Ito equatorial piane to the edge of thB plate 
(F%r $)f did not alter its position; but if the 
ende wme incdined to dther pole, the plate be- 
gaxt' to move, and moved most when the iron 
toietod the pofle as k Ihe figure. When it ap- 
jplpiached or touted the N pole, the incUna- 
the erystai plate of toonuth was as in- 
dHeated by' the dotted figure. When it touched 
the indination was the contrary way. U 
were kept in contact with the N pole, 


but if thm this aubsic&try pole were iPoved 
the one way or the other towards the edge of 
the plate, the latter turned as the pole moved, 



always tending to keep its face towards i|, and 
evidently by the tendency of the magnecrj^tal- 
lic axis to place itself parallel to the resultant of 
magnetic force passing through the biskuth. 
The same results were obtained with the crystal 
(2487) under similar circumstances, and corres- 
ponding results were obtained when the soft iron 
rod was applied between the S cheek of themag- 
net and the bismuth. The like effects were aim 
obtained with plates of arsenic and antimony. 

2491. When a magnet is used instead of soft 
iron, corresponding effects are produced; only 
it must be remembered, that if the chief mag- 
net be very powerful, it may often neutralize, 
and even change, the magnetism of the small 
approximated magnet; and this can happen 
with the latter (as to external influence), whilst 
in the magnetic field, even though when with- 
drawn it may appear to remain unaltered. 

2492, Thus, when the plate of bismuth was 
suspended between the cheeks of the horse- 
shoe magnet (2485), Fig. 2, and the north pole 
of a small magnet (^e blade of a pocket-knife) 
was placed at a or 5, it caused recession of the 
part of the bismuth near it, and precisely for 
the same reasons as those that existed when 
the soft iron was there. When the extra pole 
was placed at c cnr d, 4he action was more feeble 
than in the former case, and consisted in an ap- 
proximation of that paii of the bismuth to the 
pole. As this position of the subordinate pole 
would terminate and neutralise oertain of the 
linesofmapiettefor(^p]^oeedingfrcHn&^ 
pole of tiie horsefllioe magnet, so the re^ltant 
of tiielinesof fonxs passing thxoughlto^l^^ 
would be changed mdiiection, 

oblique to their former eoiirse, andi^edtoly k 
the manner represented by the of the 
bismuth, k ik tendei^ to pbee Ik tthe of 
f(»?ee.paintol with tihtoi 



06f.iB48 lia^sbT^idkY 

2488. Alt a|^pro3ikai.f«i -8outh 1^ 
moixomm tite contmij dkection. 


, 2494*v When the subordinate poie was ap* 
j^ed to’ the edge of the plate, the little magnet 
beingintheequatorial position (Fig, $), tbenin- 
stead of being neutral, as the iron was, it caused 
the plate to move in a tangential direction, either 
to the right or the left, according as it was either 
a south or a north pole, just indeed as the iron 
did when, by inclining it, the approxipiated end 
became a pole (2490). Ihis effect was shown in 
a still more striking degree by using the crystal 
of bismuth (2487), because, from its form and 
position the magnetic curves most affected by 
the extra pole were more included in the bis- 
muth than when the plate was used. 

2495. Innumerable variations of these mo- 
tions may be caused, and appearances of at- 
traction or repulsion, or tangential action be 
obtained at pleasure by the use of crystals hav- 
ing the magnecrystallic axis corresponding with 
their length, or plates where it accords with 
their thickness; and either permanent or tem- 
porary subsidiary magnetic poles. By making 
the moveable pole travel slowly round the bis- 
muth from the neutral point m to the other 
neutral point n. Fig. S, a summary of the whole 
can be obtained, and it is found that they all 
resolve themselves into the general law before 
expressed (2479); the magnecrystallic axis and 
the resultant of magnetic force passing through 
the bismuth, tending to become parallel. 

2496. Hence a small crystal or plate of bis- 
muth (or arsenic [2582]) may become a very 
useful and important investor of the direction 
of the lines of force in a magnetic held, for at 
the same time that it takes up a position show- 
ing their course, it does not by its own action 
tend sensibly to disturb them. 

2497. Many of these motions are similar to, 

and have relation with, those described by 
Pliicker, Jlddh, and others, as obtained by the 
action of iron and magnets on bismuth, in its 
simple diamagnetic condition. These results are 
by them and others considered as indicating 
that the bismuth, as I ]^d originally supposed 
(2429, Ac.), has really, in its diamagnetic state, 
a magnetio condition the reverse of that of 
iron. I am not acquainted with all of them, or 
^th the resflonihg thereon (bdng in the Ger- 
jaan languagi^ ; tmt such as I am aware of, and 
have reobtfidned, seem to me to bb simple re- 
sults of the lawii lormmdy laid down (2267, 
pIS), nam^y^th^ diamagnetio bodies tend 
^ luioeeed- iiW It^ weaker plaocsi of 

i^uagneticleMroe; and ^ve no additional or other 


proof of the aammed reverse polarity 
muth than the former caseh of action wfaitA I 
had given, coming under that law. 

2498. Supposing that the intervening or im* 
rounding matter might, in some znanner, affect 
the magnecrystnlUc action of bismuth and other 
bodies, I fixed the magnetic poles at a given 
distance (about two inches) asunder, suspended 
a crystal of bismuth in the middle of the mag- 
netic field, and observed its vibrations and set. 
Then, without any other change, I introduced 
screens of bismuth, being blocks about two in- 
ches square and 0.75 of an inch in thickness, 
between the poles and the crystal, but I couM 
not perceive that any change in the phenom- 
ena was produced by their presence. 

2499. The bismu& crystal (2459) was soa* 
pended in water between the magnetic poles of 
the horseshoe magnet. It set well in accord- 
ance with the general law (2479), and it took 
five revolutions of the torsion index at the up- 
per end of the suspending silk filament to 
place it, and cause it to turn into the diametral 
position. This is, as well as I could observe the 
results, the same amount of torsion force ro* 
quired to effect its displacement when the crys- 
tal was placed in the same position, but sur- 
rounded with air only. 

2500. The same bismuth was then suspended 
in a saturated solution of protosulphate of inm 
(adapted as a magnetic medium) ; it set as be- 
fore with apparently no change of any kind, 
and when the torsion force was put on, it staff 
required five turns of the index, as before, to 
cause the displacement of the crystal, and ita 
passage into the diametral position. 

2501. Whether therefore crystals of bismit& 
be immersed in air, or water, or solution of siAr 
phateof iron, or placed between thick masses (tf 
bismuth, if thi^l^Bubject toihe same magnetic 
force, theinagnecrystallicforGeexerted by th^ 
is the same both in nature, direction and amoimt. 

2502. It seemed posrible and probable that . 
mastic force mi^t affect the crystallisatl^ 
of Usmuth, if not of other bodies. FoC, as 
force affects themass of a crystal by that 
ikhkh its particles possess, and which they {tiyC 
to the ^^rystaj as a whole by their 

axial [2472]) and symmetric conditioti; md; 
as the position of the cr 3 ivtallm 6 nrasiti fan 
the magnetic field may be costsidered aS that Cf 
the least constraint, so it was likely enotigh 
that, if the Usmuth in a fluid state were placed 
under the mfluoiee of the maipetimn, the in- 
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dividual porticleB would teid to assume one 
aud^tihe same axial eondition, and the crystal- 
line arrangement and direction of the mast 
upon its solidification, be in some degree de- 
temdned and under government. 

2503. Some bismuth, therefore, was fused in 
a glass tube and held in a fixed position in ^e 
strong magnetic field until it had become solid ; 
then, being removed from the ^ass, it was sus- 
landed so that it might assume the same posi- 
ti(m under the infiuence of the magnet; but no 
signs of magnecrystallic force were evident. It 
was not.expected that the whole would become 
regularity crystallized, but that a difference be- 
tween one direction and another might appear. 
Nothing of the kind however occurred, what- 
ever the diiection in which the piece was sus- 
pended; and when it was broken open, the 
nerystallization within was found to 1^ small, 
GC^us^, and in all directions. Perhaps if longer 
Ume were allowed, and a permanent magnet 
used, a better result might be obtained. I had 
built many hopes upon ihe process, in refer- 
ence to the crystalline condition of gold, silver, 
platina, and the metals generally, and also in 
respect of other bodies. 

2504. 1 ei^innot find that crystals of bismuth 
acquire any power, either temporary or perma^ 
nent, which they can bring awoy from the mag- 
netic field. 1 held crystals in different positions 
in the field of intense action of a powerful 
electro-magnet, having conical terminations 
very near to each other; and, after some time, 
removed them and apjdied them instantly to a 
VSry delicate ^tatie magnetic needle; but 1 
could not perceive that they had the least ex- 
Hm effect upon it, because of such treatment. 

,2505« As It crystal of bismuth is subject to, 
luiid obeys ^ influence of, the lines of mag- 
netic {(U’ce (2479), so it follows that H ought to 
ob^ even the earth’s action, and pointy though 
wiith a feeUe degree of power. I !^ve sus- 
pe^ed a good crys^ by a long filament of 
epeoon sfik, and sheltered it as well as I could 
jSrmn currents of air by concentric c^ass tubes, 
8£d 1 Ijiiut have obs^ed indications of it set 
pr porting- llie crystal was so hung that the 
macujeQi!j^^ aids made the sameangl® 
horlsontdl plane (about 70^) as the mag^ 
petic dip, and the mdfoM^ksi was, that thealda 
' midtlie dip taoded to ec^llde: but the expert^ 
menta^uirecsfeful repetition. 

25^" A mcfre important .p<unt, as to the nlr 
taue of the pobur os aExial .loiees of 
to^ iMow whether two crystals,' ot wiifotu^y 


crystallised masses of bismuth, c^ 
affect each other; aoid if so, what the nature of 
these affections are? what is the relation of the 
equatorial ahd ‘ terminal partsf and What, ti^ 
direction of the forces? I have made mai^ ex^ 
periments, in relation to this subject, both m 
and out of the magnetic field, butiobtained 
only negativeresuits. I emidoyed however small 
masses of bismuth, and it is my purpose to re- 
peat and extend th^ at a more convmtnt 
season with larger masses, built up, if neces- 
sary, in the manner already describe (2483). 

2^7. 1 need hardly say that a cr 3 r 8 tal ol bis- 
muth ought to point in a helix or ring/ of wire 
carrying an electric current, and so |hat its 
magnecrystallio axis should be parallel to the 
axis of the ring or helix. This I find ' 
mentally to be the case. 

% ii. CrystaUine Polarity of Antimony ^ 

2508. Antimony is a magnecryatdllic body. 
Some Crystalline masses, procured in the man- 
ner before described (2457), were broken up 
with copper tools, and some excellent groups 
of crystals were obtained, weighing from ten to 
twenty grains each, in which all the constituent 
crystals appeared to be uniformly placed^ The 
individual crystals were very good on the whole, 
and much more frequently complete and full 
at the faces than those of bismuth. They were 
very bright, having a steel-gray or silvery ap- 
pearance, and to the eye appeared more surely 
as cubes than bismuth, though here and there 
distinctly rhomboidal faces presented them- 
selves. Planes of cleavage can be made to re* 
place the solid angles; and, as with bismuth, 
there is one plane generally brighter and more 
nearly perfect than the others. 

2509. In the first place, it was ascertained 
that all these crystals were diamagnetic and 
strongly so^ 

:25'10r In the next it was eseertained, as. with 
bismuth, that all of them exhibited the magne- 
crystallic pbenomenn with considerable power, 
showing the existence of a line of force (2470), 
which, when placed vei‘tically, left the crystal 
free to move in any direction (2476) ; but when 
placed horisontally, caused the crystal to point, 
and in so doing took up its own positiicm paral^ 
lei to the residtant of magnetie force passing 
through the crystal (2479). Thk line proceeded, 
as in bkeiuth, Irom one of the solid a&i^es to 
the opposite one, and waa perpendicular to the 
lavage plane jlist.i^ken oi 

.2511v the ctcrion of 

net tfarnwrystele was 4he sanae se 
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the oiystab oi binqsiutlt j but ^hm im mm 
points of vsncMbipn ,wht^, require to be more 
distmctlgr stated and distinguished* 

2512. In t^ first place, when the magne- 
crystalUc axis was horuKmtal, and a certsin 
crystal used, upon the efvoiution of the mag<* 
netic force, the crystal went up to its position 
slowly, and point^, as with a dead set If the 
crystal were moved from this position on either 
side, it returned to it at once: there was no vi- 
bration. Other czystals did the same imper- 
fectly; and others again made one or perhaps 
two vibrations, but all appeared as if they were 
moving in a thick fluid, and were, in that re- 
spect, utterly unlike bismuth, in the freedom 
and mobility with which it vibrated (2459). 

2513. In the next place, when the crystals 
were so suspended as to have the magnecrys- 
tallic axis vertical, there was no pointing nor 
any other signs of magnecrystallic force; but 
other appearances presented themselves. For, 
if the crystalline mass was revolving Avhen the 
magnetic force was excited, it suddenly stopped, 
and was caught in a position which might, as 
was found by experience, be any position; but 
if the greatest length was out of the axial or 
equatorial position, the arrest was followed by 
a remdsm motion on the discontinuance of the 
electric current (2315). This revulsive n^otion 
was never great, but was most when the length 
of the mass formed about an angle of 45^ with 
the axis of the magnetic field. 

2514. On further examination it appeared 
that this arresting and revulsive effect was pre- 
cisely the same in kind as that observed on a 
former occasion with copper and other metals 
(2309), and due to the same cause, namely, the 
production of circular electric cuiTents in the 
metal under the inductive force of the magnet. 
Now, the reason appeared why, in the former 
case, the crystals of antimony did not oscillate 
(2512).; and why, also, they went up to their 
positmn of rest with a dead set; for the cur- 
rents produced by the motion are just those 
which tend to stop the motion (2329);^ and 
though the magnecrystallic force was sufficient 
to make the crystal move and point, yet the 
very motion so produced generate tte current 

* AnycHie who wishes to form a sufhoient idea.pf, 
tje arresting powers of these induced currents, 
^uld take a lump 6f solid copper, approanhing to 
me eumeal or globular form, weighing from a qusr- 
wr to hifif a poUnd; should suspend it by a long 
jfi'ead, it a repm rotatSOn, ttnd then introdueS 
spinning, into the magnetic field of the aljeet^ 
magnet; be will find its motion to be instantly 
^^imed; and if he' further tries to it, whilst m 
%neld« yriU it impossiUe to do jok . 


which reaeted upon tilie tender to mcdloh, 
and 80 caused the mass to advaoee toward 
its posLtkm of rest as if it moved in a 
fluid. 

2515. Having this additional knowledge tel- 
specting the arrest and revulsion of the anti- 
mony (effects depend^t upon its superior oosr 
ducting power, in this compact crystallinestate, 
as compared with bismuth), one has no diffi- 
culty in identifying the magnecrystailio force 
of this metal with that of the former, and 
tablishing the correspondence of the results in 
all essential characters and particulars. In most 
of the pieces of crystals of antimony the force 
semed less than in bismuth, but, in fact, this may 
not really be so, for the inductive current ae* 
tion just described tends to hide the ma^e^ 
crystallio phenomena. 

2516. Different pieces of antimony also se^ 
to differ from each other in their setting fcuroe, 
and also in their tendency to exhibit revulsive 
effects; but these differences are either only ap- 
parent, or may easily be explained. The arrest- 
ing and revulsive action depends much upon 
the continuity of the mass, so that one large 
piece shows it much better than several sm^ 
pieces, and these again better than a powdered 
substance. Even the revulsive action of copper 
may be entirely destroyed by reducing the sinc^ 
lump to filings. It is easy to perceive, therefore^ 
that of two groups of antimony crystals, each 
symmetrically disposed within itself, the one 
may have larger crystals well connected to^ 
gether, as regards the induction of currents 
through the whole mass, and the other smaller 
crystals less favourably united. These would 
present very different appearances, as regards 
the arrest of motion and succeeding revulsive 
action; and further, on that very account, 
would differ in their readiness to present the 
magnecrystallic phenomena, though they mi^ 
possess precisely equal degrees of that force. 

2517. On proofing to experiment with platea 
of antimony^ further illustrations of the ^eets 
resulting from the causes just described wei^ 
obtained, with abundant accompanying evi- 
dence of the existence of the magnecrystaUiq 
condition in the metal. The plates were selected 
from broken masses, as with bismuth ;(2480)« 
Some were soon f oui^ which acted simply, mr 
stantly, and well; thtir large surfaces weiw 
bright cleavfkge planes. When 8UspendiM;% 
any part of the edge, these planes 

wa^ the magnetic poles; and the pbte 

laiIndoheadhMdeof 

aoquirpg its slate ^ 





ikw ^ 1KI pow^ 0f 
field. When tl^ were 
i&ofiiied) the points which were most depressed 
Jbe}p99^ and raised alx>ve tiie horizontal plane, 
mke iilose whidsi took up thw places nearest 
ma^etic poles (2482). 

: . ^2519. When several plates were arranged to- 
iiijftiiier mto a consistent bundle (2483), thedio- 
^tect was removed, the magne^ 
mrystallic osc^tion and pointing became very 
mdy a characteristic. 

2520. Thus it is eidd^t that, in dl these 
easesj there was a line at noiagnecarystaUic force 
perpendicular to the planes of the plates, and 
perfectly consistent in its position and action 
with the force before found in the solid crystals 
of antimony. 

:.uJ2521. But another plate Of antimony was 
now sdected, which had every appearance of 
;bdng able to present all the pl^nomena of the 
Ic^er plates; and yet, when hung up by its 
B !^9 it fihowri no signs of magnecrystallic re- 
sults; for it first advanced a little (2310), then 
was arrested and kept in its place, and if stand- 
ing between the axMand equatorial positions, 
was nevulsed when the battery current was in- 
terrupted, exhibiting ^[ects equal to those of 
ecpper (2315). Many other plates were tried 
precisely the same result. 

< : 2522. When this plate (2521) was placed in 
the fidd of intoise poww between two conical 
magnetic poles, it exhibited the same phenom- 
ena; but notwithstanding the arrestmg action, 
it moved slowly until it stood in the equatorial 
powtion; a result which wds probably due to 
tile exeitipn xS folh maqmcfycUMc and dfo- 
iniwMfofoiee. plate was suspended 

planes horizontal, the aitesting and re- 
were gone; for the induced cuiv 
which beforeeaused them could not now 
es^intiie necessary vertical plane; furthW', it 
iwtifog power, which showed timt there 
of magneerystallie force k ihe 
breadth of the plates. 

25^4 Otiier plates were then found abfoto 
and those in different 
dsgrehk sefoiei Hke the first, vibrated^ 
pcMed and presented no ihdiea^ 
^ janmt ^and iwrulsive phenomena/ 
#lhm vihraleddula^^ and showed 

[:%iMdeiicy ,Othm pointed' wHi 

^ ^ 8 dead set^ bwt 

/ moyiag si if in or, n the magnetic force 

/ iiiamhikim off before the piece had settled, it 
foeUy: were caugd^tat 


smatkSi), ai)d vfoitt stronidr ' 

2524. Fimdly, a careful investigation, carried 
on by means both of the horseslm (2^) and 
the great electro-magnet (2247) , madethe cause 
of these differences in tto effects appafoht. 

2525. It may be observed, in the first place, 
that sometimes a fdzte of antimony being se- 
lected (2517), hav^ planes very bright and 
perfect in their appearance, and, therefore, giv- 
ing reason to think that it may point wril in 
the magnetic field , whensubmit^ to the horse- 
shoe magnet does not do so; but points ob- 
liquely, feebly, and perhaps in two uidfiame- 
tr^ positions. This is, I have no doubt, llpause 
the crystallization is complicated and ooimsed. 
Surii a plate, if it be sufficiently broaf and 
long (i.e., not less than a quarter or one^third 
of an inch), when subnutted to the el^ro- 
magnet, will show the arresting (2310) ai^ re- 
vulsive (2315) action well. 

2526. In the next place, we have to remem- 
ber that, for the development of the induced 
currents which cause the arresting and revul- 
sive action, the plate must have certain suf- 
ficient dimensions in a vertical plane (2329). 
The currents occur in the mass and not round 
the separate particles (2329), and the resultant 
of the magnetic lines of force passing through 
the substance, is the axis round which these 
(Hurents are produced. Hence the reason why 
the effect does not occur with plates suspended 
in the horizontal position, which yet produce 
it well in the vertical porition; a result which a 
(fisc half an im^ in diameter of thin fdl or 
plate, being copper, silver, gold, tin, or almost 
any malleable meW, will show; though the 
be^ conductors are the fittest for the purpose. 
Now this condition is of no Consequence in re- 
spect to magne^iatalHe action, and a narrow 
plate has as much force as a br^ one, having 
the same mass. The first plate that 1 happ^l 
to select (2517) waswril crystallized; thf^ tmd 
narrow; hence it wins favourable Cor magno- 
mTZtatlic action, unfavourable to the arresting 
and revulsive action, and showed no mgns^ com- 
paratively^ of the latter. 

2527. Mum a broad and well-myStaUized 

plate is obtainedi ^n both sets of effects ap* 
p^: lhus;4f ihe {date ^ reyolv^ when the 
magndtic finoe isbrought 4 t <|tdck- 

emi ite vdoci^yj^r eu imrtsttt, 

md If the mSjgMtiqicm 

tioowi 



is Plata 

wilit afMfy redttoed vdbdty, and oontbiues 
to BtovB until it baa taken up ite magneetyetal- 
]io position. It nqioves .as if in a tinek Add. 
Hence the inagneerysttdic force is th^ and 
produces its full effect; and tiie reason why the 
(^pearanon haye changed is, Hiat the vety 
motion wddt the force tends to give, and does 
^ve to the mass, causes those magneto^eetric 
currents (2329) which by their mutual aoticm 
with toe magnet tends to stop the motion; and 
therefore its slowness and the W 'dead set 
(2512,2623). 

2628. Ama^et which is weaker (as toe horse* 
shoe instrument described [2486]) produces the 
currents by induction in a much weaker de- 
gree, and yet numfests the magnecrystallic 
power weU; hence it is more favourable, under 
certain Circumstances, for such investigations; 
as it hdpe to distinguish toe one effect from 
the other. 

2529. It rnll readily be seen that plates, 
whether of the same metal or of different met- 
als, cannot, even roughly, be compared with 
each other as to magnecrystallic force by thtir 
vibrations; for under the influence of these in- 
duced currents, plates of toe same magnecrys- 
talUc force osdllate in very different manners. 
I took a plate, and by cement (2468) attach 
selected paper to ite faces, and then observed 
how it acted in the magnetic field; it set slowly 
and it showed the arresting and revtdmve ef- 
fects (2521). I then pressed it in a mortar, so as 
to break it upinto many parts, which stiU kept 
tour idaoe;and now it set more fredy and quidk- 
ly, andsho^ very littteof the revulsive action. 

2530. Thou^ toe indication by vibration is 
thus uncerl^ the torsion force still remains 
to us, I bdieve, a very accurate indication pi 
toe strengto of toe set (2600), and, therefore, 
of toe d^ree of the magnecrystallic fmce; and 
though toesuqpending tiik fibre may give way 
a fittie; a ^ass thread, according to Ritchie's 
suggestion; would answer perfectly. 

.2531. Antiaumy must be a good eonduet(H: 
of tiectrkaty in toe dire<^n of the {dates of the 
piystalst at H would not’i^ so these 
iudieatkmsiiif The groi^ of 


in suto a degree as to make me think that too 
constiturait cubes possessed toe power aeaiif 
equalfy in all diiections. A {dece of fiae^ Qiyt> 
tallised or granular antimony does not, how- 
ever, show it in the same proportion; frtwa 
yddto it would seem aa if an effect equivslmt 
m some degree to that of division occurs, either 
at the meeting of two incongruous crysys, or 
between the contiguous {dates of toe erystoli^ 
and affects the conducting power in time di- 
rections. 

f ui. CryMine Ptiari^ qf Armk 
2632. A mass of the metal arsenic etoildting 
crystalline structure (2480), was bredeen Up^ 
and several plates selected from the fragments, 
having good cleavage plane surfaces, about 0.3 
of an mch in length, 0.1 mch in width, ahd 
0.03 in thicknm. These, when suspoided 
posite one conical pole, proved to ^ perfect^ 
diamagnetic; and when before it or betweni 
two poles strongly magnecrytlaUic. I have S 
{Mur of flat-faced poles with screw-hdes mtoe 
centre of toe faces, and these so much wealmn 
the intensity of the lines of magnetic force 
about toe middle of toe field, when the faces 
are within half an inch of each other, that a 
cylinder of granular bismuth 0.3 in iez4(tb sets 
axieMy, or from pole to pole (2384). But wito 
the plates of arsenic between the same pedes 
there was no tendency of this kind; so mitto 
was toemagnecrystaiUo force predominant over 
toe diamagnetic force of toe substance. 

2533. ’Warn the plates of arsenic were sds- 
praded with their planes horisontal, then ih^ 
did not pdnt at all between the flat-faced pedss. 

inclination of the {danes to the hoiisohttii 
line produced pointing, with more or less Into 
as toe planes approatoed move or less to tijld 
vertical pontbn, exactiy in toe manner ahea^ 
described in rdation to tfinnuto and antimotor 
(2482, 2518). 

2534. Thus, arsenic with bismutii and SIS' 

timony are found to possess tiw magneciyiW 
lie force oT condition. i* 

Royd /nsMutiim Beptemier 28, 1848 
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f iv. CrystcMine Condition Vorwus Bodies 
2^. ZINC. Plates of zinc broken out of crys- 
tallized masses gave irregular indications, and, 
being magnetic from the impurity in them, the 
effects might be due entirely to that circuiu- 
ztance. Pure zinc was thrown down electro- 
cEeaucally on platina from solutions of the 
chloride and the sulphate. The former occurred 
in ramifying dendritic associations of small 
crystalji^e latter inacompact close form. Both 
were free from magnetic action and freriy dia- 
magnetic, but nei&er showed any trace of the 
magnecrystallic action. 

2S36. Titaniitm.* Some good crystals of ti- 
tanium obtained from the bottom of an iron 
fcumace, were cleansed by the alternate action 
of acids and fluxes until as clear from iron as I 
could procure them. They were bright, well- 
formed and magnetic (2371), and contained 
iron, I think, diffused through their whole mass, 
for nitromuriatic acid, by long boiling, con- 
tinually removed titanium and iron from them. 
These crystals had a. certeun magnetic property 
winch I am inolin^ to refer to tiirir crystallme 
omidition. When b^ween the poles of the eleo- 
trormagnet, they set; and whmi the electric cwv 
was discontinued, they etiU set Iwtween 
m.poles of the ^eeUed magnet as they diri 
If left to itself, n ery^ alwnys took 
^ same podticm, showii^ that it was oon- 
ebmtiy rendered, magnetic m tire same; direc- 
tion- But K a crystal wns planed and kqrt in 
anothm' position betweeii the magntiao poles 
whibt tire tiectric oorrent was on, uid after- 
wards 1^ curreu^ snqMided, mid ,ti>en the 
(gystal srt frei^ it iknni^ betwemi tire poles of 
ti» enfeebled ma(pmt in tiiis new direction; 
drowingthat the magndssm was in a differmit 
dkection in the body of tire laystal to tirat 

! > PMatqrMMt Trmioetlem, 'iBt9, p. 1^ 

these Bod BUniTOtiMr smtals I am indebted 
todhe kindiieee of Sir Henry T. De la Beehe and Mi. 


which it hr^ Irefore. If now the magnet were 
rranvigorat^by the electric current, the crys- 
tal instantly spun round and took a mametic 
state in the first or original direction. Thranys- 
tals could in fact become magnetized ii|.any 
direction, but there was one direction in t<|hu^ 
they could be magnetized with a facility \and 
force greater than in any other. From the ap- 
pearances I am mclined to r^er this to the 
crystalline condition, but it may be due to an 
irregular diffusion of iron in the masses of ti- 
tanium. The crystals were too small for me to 
make out the point dearly. 

2537. Copper. I selected some good crystals 

of native copper, and, having carefully sepa- 
rated them from the mass, examined them m 
respect of thdr magnecrystallic force. At the 
horseshoe magnet (2486) they gave no signs 
of such power, whatever the direction in which 
they were suspended, but stood in any posi- 
tion; and any degree of torsion, however small, 
applied at the upper extremity of the suspmid- 
ing filament, was, obeyed at once, and to the 
full extent, by the crystal beneath. When sub- 
jected to the electro-naagnet, the phenomena 
of arrest and revulsion were produced (2513, 
2310), as was to be expected. If after the arrest 
the magnetic force were cemtinued, there was 
no slow advance of the crystal up to a distinct 
pointing pontion (2512) ; it stood perfectly still 
in any position. So there is no evidence ofmag* 
neetysiallio action in this case. . . 

2538. Tin. I selected from block ftod gttin 
tin some pieces which appeared,. by, their ex- 
tornal fomos and'tiw .sutisfm-pttglncediwider 
tire action of adds, to have a regular crystal- 
line structure internally; and, cutting off po^ 
tions, carduUy submitt^ them to the power 
of the magnets, but there was no appea^<^ d 
any magnecrystallic phenomena. Indications 
of the arresting and revulsive actions w^ pre- 
sented, and tiw of diamagnetic force, but noto* 

ing dse. I also exunined smne erystals. pf ^ 
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obtoioed by Tbe^ 

vrfite p^reiand diamagnetic : they were arrested 
and revulsed^ but ttiey showed no signs of mag^ 
neorystallic actidn* 

2539* Lead, Lead was crystallissed by fusion^ 
partial solidification, and pouring off (24fi7), 
and some very fair crystals, having the general 
form of octohedra, were obtained. Observed at 
the magnets, these were arrested and revulsed 
feebly, but presented no magneorystallie phe- 
nomena. Some fine crystalline plates of lead 
obtained eleetro-chemically from the decom- 
position of the acetate by zinc, were submitted 
to the magnet: they were pure, diamagnetic, 
and were arrested and revulsed, but presented 
no appearance of magnecrystallic action. 

2540. Gold. Three fine large crystals of gofd 
were examined. They were diamagnetic, and 
easily arrested (2310, 2340); the revulsion did 
not take place, because of their octohedral or 
orbicular form. They presented no magnecrys- 
tallic indications. 

2541. Tellurium. Two fractured pieces of this 
substance, presenting large and parallel planes 
of cleavage, were examined: both pointed, and 
the greatest length was across the axial line 
between flat-faced poles (2463). I think the 
effects were in part, if not altogether, due to 
the magnecrystallic state of the substance; but 
1 do not think the evidence was quite con- 
clusive. 

2542. Iridium and Omium alloy. The native 
grains of iridium and osmium are often fiat, pre- 
senting two planes looking like crystal pltmes, 
which are parallel to each other even when the 
grains are thick. Some of the largest and most 
crprstalline were selected, and, after ignition 
with flux and d^estion in hitromuriatic add, 
were examined at the magnet. Some were more 
magnetic than others, b^g attracted; others 
were very little magnetic: the latter were se- 
toed knd examined more carefully. These all 
pointed with great readiness and force, ocnn- 
paratively speaking; for they were not above 
one-fifteenth of an inch long, and yet they set 
freely when the magnetic pdes were 3 or 4 
ohes apart The feu^ of the crystalline parti^ 
oles were (dmye towards the poles, and thds 
length eoxusequently not in but acrosa the axiai 

and this was true whether the distance' 
between the poles wad small or great, or 
Whelan, fiat^aoed or conical pdee were used^ 
I bdfeve ttiey were maignecrystallic. 

GrystflJs of furiWe-metal 
:erystais, which were 
apparently quadrangular plates or prisms, were 


not good^ and the evi^feiiee net deaar ani ^ 
toot. 

2544^ IFires; I thought it possiUe that ton 
wires, which by the action of acids mfhibited 
fibrous arrangements, mi^t have thdr par^ 
tides in a state approaching to the crystaffiise 
condition, and therefore submitted bundles of 
platinum, copper, and tin wire' to the action of 
the magimt; but no indications^ of mag^eerys^ 
tallio action appeared. 

2545. Isubmitted several metalHc compounds 
to the power of the magnet, applied so as to de- 
velop any indication of the magnecryshdiic 
phenomena. Galena, native dnnabar, oxide of 
to, sulphuret of tin, native red oxide of cop- 
per, Brookite or oxide of titanium, iron pyrito, 
and also diamond, fiuor spar, rock-salt and 
boracit^ being ail well crystallized and dia- 
magnetic, presented no evidence of the magne- 
crystaliic force. Native and weli-crystallized 
sulphuret of copper, sulphuret of zinc, ebbdit 
glance and leucites were magnetic. Aisenioal 
iron, specular iron and magnetic oxide of iron 
were still more so. 1 could not in any of them 
distinguish any magnetic results due to ciys- 
tailizafion. 

2546. On examining magnetic salts, several 
of them presented very striking magnecrystal-r 
lie phenomena. Thus, with sulphate of iron^ tim 
first ciystal which 1 employed was suspended 
with the magnecrystallie axis vertical, and it 
presented no particular appearances; only the 
lon^t horizontal direction went into the mag- 
netic axis pointing feebly. But on turning the 
piece QO"* (2470) , instantly it pointed with mudh 
force, and the greatest len^h went equated- 
aUy. The crysto was compounded of supei^ 
poto fiat cprstals or i^ates, and the ma|^ 
crystallic axis went directly across these; it wae 
easy therefore, after one or two experiments, 
to tell befor^and how the crystal dhould ^ 
suspended, and how it would point. 

the crystals were long, or oblique, or irregular,, 
still the magnecrystallic force prcdominateii 
and determined the position of the<wy6tal, 
this happened wheth^ pointOd or flat pSkk 
were uto, and udiether they were near 
gether or far asunder. The magnecrystaUie adg 
k 'perpendieulart or nearly so, to two of th^ 
skto of tile rhomboidal prism. 1 have aom# 
amaQ inrinnatie tzrystds of which the 
nearly three times the width of tho 
when both tile length and the magnecrym^ 
$m are^hiikii^ital; to power of dr 

diatom m potitiim of tim tiid 

len^ to take the axial diieetioii^ 
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' MbatantlyiMBiwdfaytiitiiiagBAerjvbdfo 
80 gmily does it predomiiiate in power over 
'&» ante oitgne^' Inoe df the oytAii. Yet 
jOh* letter Is so greet as at times -to' puH the 
SM^Mading fflbire asunder when tiie oiyrtal is 

tile poles <2615). 

.Ai '2S47i Sidflmte of rdehd. When a arjmtid of 
p^phsite oiniekel was suspended in the mag> 
nmtield, its lengtiiset a:^yi Thisrai^t 
doe, tither to mere magnetic force, or partly to 
iMtpieaTBtallie' force. Hierefore I nit a cube 
oot of the crystal, two faces of which were pea>- 
ptiyl icHl ar to the length of the original prism. 
Ylus cube ffoonted wi^ in tiie magnetic Md, 
and the line cdnddent with the ans of the 
prism was that which pointed arntdly, and rep* 
meented tiie magneciystallic axis. Ev«i when 
tito cube was reduced In tins directicm and con* 
iiR Wtod into a square {date uhose thickness co* 
budded witii the magneeryatallicaxi8,itpointed 
m irell.as before, tooi:^ tiie shortest dimen* 
tikau of the pieee were now axial. 

Ihe Tpertulfhaie qf ammonia and van, 
god the Buljduttetfmanganim, did not give any 
infierthmof magoecrystallic phenomena; the 
au^phate of ammonia and manganeae 1 think 
but the crystals were not good. Ihe sul- 
phato potaasa and nickel is magnecryataUic. 
AH three salts were magnetic. . 
f <2542. Thus it seems that other bodies besides 
hitmuth, antimoiqr uid arsenic, present mag* 
Merystallio effects. Amongst fhese me tiie ai* 
iegr el hridium and osmium, probaUy tdlurium 
aasd :tiitanium, and certainly the sulphates of 
btot and niekti. Before leavim this part of the 
, atjhiect^ I may remaiic that this property has 
. ptshahly led me into emn- at times on a former 
^MAMlrifW (2290). A mkilake with arsenic (2383) 
'l^ij^ vtoy easily arise bom tills cause. 

Ntillure ef the 

ObeetwOume^ 

Ute iiiagiieciTstfktlic force i^^peeiB to 
Ib Veior cfourly diatinguiahed bom «<^er iSie 

m that iteiusee 
ocmaistiiig tfol 

fo or bttt m its giving a 

so tiidt tkglirssi line in rdatfoa to 
relatkm 

lilth . tiis direoticoi of ^ external xnngnetie 
jtesws 

1 ^ongfit.it rybit e^narefuHy to ex» 

ivns 

thelomiidAeither attins^ 


or rspiiiBhv» inllitOam^ 

sOmsted a foiidcm-batenoei witii a faiflto sus« 
pension of oocoonmlki consisting of two bundles 
of seven filaments each, 4 inches long and one* 
twelfth of an inch apart ; and suspended a enys- 
tal of bismuth (2457) from one end of the 
lever, so that it might be fixed and retained in 
any position. This balance was protected by a 
glass case, outside of which the conioEd termi- 
nal of one pole of the great electro-magnet 
(2247) was adjusted, so as to be horizontal, at 
right angles to the lever of the tondon-balance, 
and in such a position that the bismuth cpystal 
was in the piwlon^tion of the axis of the pole, 
and about half an inch from its extremitj^hen 
all was at rest. Hie other pole, 4 inches was 
left large so that the lines of magnetic force 
should diverge, as it were, and rapidly dUfoin- 
ish in stren^ from the end of the comical 
pole. The object was to observe the degr^ of 
repulsion exerted by the magnet on the bis- 
muth, as a diamagnetic body, either by the dis- 
tance to whidi it was repelled, or by the tor- 
mon required to bring it back to its first posi- 
tion; and to do this with the bismuth, having 
its magneciystallic axis at one time axial or 
parallel to the lines of magnetic force, at an- 
other equatorial, observing whether any differ- 
ence was produced. 

2552. 'I%e crystal was therefore placed with 
its magneciyst^c axis first parallel to thelines 
of magnetic force, and then turned four times in 
suecession 9(f in a horizontal plane, so as to 
observe it under all positions of the magnecrys- 
tallic axis; but in no case could any dMerence 
in the amount of the repulsion be observed. In 
other experiments the axis was placed oUique, 
but still with the same result. If there be there- 
fore any differenceltmustbeexceedinglysmaiL^ 

2553. A corresponding experiment was made, 
hanging the crystal as a pendulum by a bifilar 
suspenedon of cocoon silk 30 feet in length, with 
tiie same result. 

2554. Another veiff striking series of proofs 
that tire effect is not due to attraction or re- 
pultion, was obtained in the following manner. 

A skein of fifteen filaments of coooon siik, gbout 

14 inches long, was made fast above, and then 
a weii^t of an outtceor more hung to the fower 
end; the middle of tide skein was about the 
middle of the magnetic field of tiie tiectio- 
magnet, end the square weii^t befow fteted 
against the of a Uodk cl wood, so ai to 
g^nsteady,tilhi6nver(^ax^^ 
or fevelutionv A ittoefl 

eSee new 2839, te. ' 
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eetaw^i vod tlsM a anall pdamatio ointaji ^ 
sulpM« of irttt. about 0^ of «q inoh losg, aad 
Q.1 ip tM c lraeflB , .yaa attached to the oaid, ao 
that the lepgtht apd ^dso toe augneci^taUio 
axis, vereln toehoruoatal plaae;,t^ toeJei^h 
vsB (m ope (sde of toe ailkai axis, 80 that ae toe 
crystal awupg round, toe length waa ra^ua to 
the drole described, and the ma^ieciyatallio 
axis parallel to the tangent. 

2555. This ctyatal took a podtkm of rest due 
to the tornon force of toe suspending Bkdp of 
dlk; and toe poeitiop could be made any one 
that waa deair^, by turning the wmght bdow. 
The tordon force waa such that, when thecrys* 
tal was made to vibrate on its silken axis, forty 
complete (or to and fro) vibradons were per- 
formed in a minute. 

2556. When the crystal was made to stand 
between the flat-faced poles (2463) obliqudy, 
as in Fig. 4t the moment toe magnet was ex- 



cited it moved, tending to stand with its length 
equatorial or its magnecrystallio axis paralld 
to toe lines of magnetic force. Whmi the N pole 
was removed, and the experiment reputed, 
the same effect took place, but not as stroiij^y 
as bdore; and whmt, finally, the pole S waa 
brought as near to the crystal as it could be, 
without touching it, the same result occurred, 
and with more strength than in the last case. 

2557. In toe two l^ter erqieriments, there- 
fore, toe orystid of sulffliate iron, toough a 
msgnetio b^ and strongly attract^ by such 
a magnet as t^t used, actually rseadsd tfom 
the pole, of the nmgndi under toe influence of 
toe magheerysttdlic condidoo. 

2558, If toe pde. S be rraoved and . toat 
mu’ked N be rosined for action <m toe orystalt 
then the latter approaches toe pole, uig^ by 
toto toemagaetie.nad magnamystafliolorcea; 
•Mt if.lhe cij^ .be revcdvid 90* to theI«Hi,,<»r 
180*40 .tondif^ round the ailkMinrCM^so as to 

in^ ontoaiy gr 
then this pp|e sepela or.<rato^ causes the 
Jtoyidto It diftaiiiiBe of toe erystal, into an toff 

and 

1 find tontoMUcal poleshn not good;;bnt sdto 

wwtoi .into' the 



256ik :i|t»aulpht#«(ltoni^ 

1^ a crystalline fdato (fffiO) of tnamuto, ph^ 
as before (» one side of toe silk suspender, and 
with its magnecrystidlic suda horiaontal. 
ing the poaitiion the same as that which toe 
crystal had in rdation to toe N pole in toe 
former experiment (2556), so that to {dace its 
axis pandlel to the lines of magnetic force 4 
must approach this magnetic pole, and tons 
tawing the magnet into an active state, tito 
bismuth moved accordingly, and did apmoach 
the pole, against its diamagnetic tendency, but 
under the influence of the magnecrysteJlicforce. 
The effect was snrall but di^not. 

2560. Anticipating, for a toort time, the re* 
suit of the reasonmg to be given farther op 
(2607), I w^ describe a corresponding effedk 
obtained with the red ferro-prusnate of po- 
tassa. A crystal of tiiis salt had its acute linW 
angles ^und away, so as to convert it into a 
plate with faces par^lti to the plane of the op- 
tic axis, and was then made to leidaoe the plate 
of bismuto. Bting in the position before rejoe- 
sented (2556), and the magnet rendered ac- 
tive, it moved, placing the plane of tire optic 
axes equatorialiy, as Pluoker describes. wWi 
the pole N was removed and S brought up to 
the crystal, the same motion occurred, the crys- 
tal retreating from the pole; and when S poihi 
was removed and N brought towards the crys- 
tal, it moved as before, the whole body imw 
approaching towards the pole. On inclining ton 
cry^ the other way, Le., malting its plnw on 
the other side of the equatorial line, tlm S pole 
caused it to approach and toe N pole to rcM^ 
So that the same pole seemed able tither to at- 
tract or repel the same side of the crystal; anil 
either pole could be made to show this ai^SiT’ 
ent attractive and repulsive fon», 

2561. Hence a proof that neitiwr attnaetkm 
nor repidnon causes the set, or govmns t^ 
final position of toe body, or of any of top 
bodies whose movements are due to the ssmo 
cause (2607). 

2562. Tliis force then is distinct in its togs* 
apter and effects from the magnetic and 
magnetic forme of force. On the otoer bead#i4 
has a most maiufest relation to the orjEStaliIng 
struiflium <d tin Itismuto and other bodies; sj^ 

tbsrefois to toe molecules, and to the wnsgr W 

wlncb toesemdeculM am slto to bnud upi to| 
ervataUinft It appeals to iPO 

to poBstim of toe results in any oton pwfr toiMt 
by a mitopl maotim of tot qw jg pe toii (totoi 

Mdiathieri and this lesdatoe dutdtoaiMdluB ■ 
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tibat m far lui they cim act 
cm eaeh otber they partake of a like nature; 
and bringer 1 think, fredi help for the eolution 
of that great proUem in the phSoeophy of 
kicAeeular forces, which aesumes that they aU 
have one common orlgm (2146). 

2^3. Whether we consider a crystal or a 
particle of bismuth, its polarity has a very ex- 
traordinary character, as compared with tiie 
polarity of a particle in the ordinary magnetic 
state, or when compared with any other of the 
dual conditione of physical force; for the op- 
posite pdes have like characters; as is shown 
first of ail by the diametral pointing of the 
masses (2461), and also by the physical char- 
acters and relations of crystals generally. As 
the molecules lie in the mass of a crystal, tho^ 
fwiB, they can in no way represent, or be repre- 
sented by, the condition of a parcel of iron filings 
between the poles of a magnet, or the particles 
of ircm in the keeper when in its place; for these 
have poles of different names and quality ad- 
henng together, and so giving a sort of struc- 
ture; whereas, in the crystal, the molecules 
have poles of like nature towards each other, 
for, so to say, all the poles are alike. 

2564. As made manifest by the phenomena, 
the magnecrystallic force is a force acting at a 
distance; for the crystal is moved by the mag- 
net at a distance (2556, 2574), and the crystal 
also can move the magnet at a ^stance. To pro- 
duce the latterresult, 1 converted a steel bodkin, 
about 3 inches long, into a magnet; and then 
suspended it perpendicularly by a single co- 
eoon filament 4 inches long, from a small hori- 
aontal rod, which again was' suspended by its 
eimtre and another length of cocoon filament, 
from a fixed point of support. In this manner 
the bodkin was free to move on its own axis, 
mid eould also describe a circle about indies 
m diameter; and the latter motion was not hin^ 
dimd by any tendency of the needle to point 
Undmr the earth^s influence, because it could 
take any position in the circle and yet remain 
pamlld to itself . 

2565. A support perfectly free from magnetic 
abtlon was eonstrueted of glass rod and copper 

Vrhkdipasring Ibrou^ the bottom of the 
jstand, and bdngin the prdongation of theup- 
of motion, was concentric the 
the little magnet could t^ribe^ 
:|iii%ei|^t w^ could sustain a erys^ 

tel dr any .other substance level with the pole 
dtt2ielo^e9*end of theneoiSe, ahd in the centie 
Of the smaB cirde in whidi the latter could iw- 
fWMs aiteiid it. Sy moving the lower end of 


the suppcut , the u^per end also could be made 
to approach to of recede from the magdet The 
whole was oovered with a glass shade, 
when left to become of uniform temperatuie, 
and at rest, the needle ma^et was found to 
take up a conMani position und^ the torsion 
force of the suspending filaments. Further, any 
rotation of the glass and copper wire support 
did not produce a final change in the position 
of the magnet; for though the motion of the 
air would carry the magnet away, it returned, 
ultimately, to the same spot. \^en removed 
from this spot, the torsion force of the silk sus- 
pension m^etthe system oscillate; the thne of 
a half oscillation, or a passage in one dirmtion, 
was about three minutes, and of a wholepscil- 
lation therefore six minutes. \ 

2566. When a crystal of bismuth was fix^d on 
the support with the magnecrystallic axis\in a 
horizontal direction, it could be placed dear 
the lower pole of the magnet in any position, 
and being then left for two or three hours, or 
until by repeated examination the magnetic 
pole was found to be stationary, the place of 
the latter could be examined and the degree 
and direction in which it was affected by the 
bismuth ascertained. Extreme precaution was 
required in these observations, and all steel or 
iron things, as spectacles, knives, keys, &c., 
had to be removed from the observer before 
he entered the place of experiment; and glass 
candlesticks were used. The effect produced 
was but small, but the result was, that if the 
direction of the magnecrystallic axis made an 
angle of 10®, 20®, or 30® with the line from the 
magnetic pole to the middle of the bismuth 
crystal, then the pole followed it, tending to 
bring the two lines into parallelism; and this it 
did whichever end of the magnecrystallic axis 
was towards the pole, or whichever side it was 
inclined to. By moving the bismuth at succes- 
sive times, the deviation of the magnetic pole 
could be carried up to 60®. 

2667. The cr 3 r 8 tal df bismuth thereforcTls aWe 
to react upon and affect the magnet at a dis- 
tance. 

2568. But though it thus take up tihe 
acter cf a force acting at a distance, still it b 
due tothat power of the particles wl^ makes 
them cohere in regulm* order, and giveC the 
mass its crystalline aggregation; whi^ wecali 
lit other times the attraction of aggregation 
ted eo dten speak of as acting at 
dtstances. 

'2568, lot* tbe tatpBeatidB'Of ^ 
tore of this force, I i»oeee^ 
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eSect of lieat^ orystals of fateatitin when in 
field. The crystals were suspended 
dtherbyplatinaorfineeopperwire,andheated, 
sometimes by a small spirit4ainp flame applied 
direetiy, sometimes in an oil-batii plac^ be- 
tween the magnetic poles; and though the u|>- 
ward currents of air and fluid were strong in 
these cases, they were far too weak to over- 
come the set caused by magnecrystallie action, 
and helped rather to show when that action 
was weakened or ceased. 

2570. When the temperature was gradually 
raised in the air the bismuth crystal continued 
to point, until of a sudden it became indifferent 
in tiiat respect, and turned in any direction un- 
der the influence of the rising currents of air. 
Instantly removing the lamp flame the bismuth 
revolved slowly and regularly, as if there were 
no tendency to take up one position more than 
another, or no remains of magnecrystallie ac- 
tion; but in a few seconds, as the temperature 
fell, it resumed its power of pointing; and, ap- 
parently, in an instant and with full force, and 
the pointing was precisely in the same direc- 
tion as at first. On examining the cr3n9tal care- 
fully, its external shape and its cleavage showed 
that, as a crystal, it was unchanged; but the 
appearance of a minute globule of bismuth, 
which had exuded upon the surface in one place, 
showed that the temperature had been close 
upon the point of fusion. 

2571. The same result occurred in the oil- 
bath, except that as removing the lamp from 
the oil^bath did not immediately stop the add- 
ition of heat to the bismuth, so more of the lat- 
ter was mdted; and about one-fouith of the 
metal appeared as a drop hanging at the lower 
part. StiU the whole mass lost its power at the 
high temperature, and the power was regained 
in the same direction, but in a less degree on 
cooling. The diminished force was accounted 
for on breaking up the crystal; for the parts 

had been liquefied were now cr^taflised 
irreplarly, and therefore, thou^ activeat the 
beginning of the experiment, were neutral at 
tiie end. 

2572. As heat has this effect, the expectation 

entertaaned of nrystidlizing bismuth reg- 

'fiariy in ike magnieHe field is of course un- 
founded; fosrrtbe m^ai must acquire the solid 
state^ and be lowered through several degrees 
proWMy, before it cata exhiUt the mapiecrys- 
tallie {dtenomeim. U hes^ has :tiie same effect 

afi< bixlme pnorito tiieiir Squefai^ion^thenv 

^ ootnee/kaebs|>roceBsoan be applied!^ beme 


2573. A crysfallieed piece of antinomy wee 
subjected to the same experiment, and £b aisq 
lost its magnecrystallie power belowa ditf red 
heat, and just as it was softening so as to taios 
the impression of the copper loop in which it 
was hung. On bting cooled it did not resume its 
former state, but &en became oidinajily mag- 
netic and pointed. This I condude arose from 
iron affected by the flame and heat of the 
spirit-lamp; for, as the heat was hi^ enough 
to bum off part of the antimony and make it 
rii^ in fumes of oxide of antimony, so this 
might set a certain portion of iron free which 
the carbon and hydrogen of the flame woifid 
leave in a very magnetic state (2608). 

2574. In further elucidation of the mutual 
action of the bismuth and the magnet, the bls- 
muthwa8suspended,asalready describe (2551), 
on the bifilar balance, but so turned, that its 
magnecrystallie axis, being horizontal, was not 
parallel or perpendicular to the arm of the 
lev^, but a little inclined, as in the Figure (5), 



where 1 represents the crystal of bismutin at^ 
tached to the balance arm b, the axis of whidk 
is so placed that the crystal can swing through 
the various potitions 1, 2, 3, 4; S is the pole oi 
the magnet separated only by the glass of ^tlie 
shade. It is manifest, tiiat in position 1 tiie 
magnecrystallie axes and the lines of magnetie 
force are parallel to each other; whereas in^e 
portions 2, 3, 4, they are cd>lique. Wh^ the 
apparatus was so arranged that the oystdof 
bismuth rested at 1, the superinduction of the 
full magnetic force sent it towards 4; a resuitgf, 
cfiamagnetic action. When however the Itisr 
muthhadits place of rest at 2, thedevelopmsii^ 
of the magnetic fmee didnoi mate it passite^ 
wards^Sf in aooordanoe with the former 
but towards 1, whidi it usually fitttined 
often paeaed, gesnga IMe towardaf4i Hu tiAs f 
case the loagneesystalHo and ite dbitba^^ 
forces wwrer'^?^oi»d tit each otiw 9 :a!i!^;i^ 
formto g^ed thewdvantage up to 

2575. But thqiqg^tte of 
these cases, moves aeiosS I^^ J^iu . 

the magnetic Mdt it oaamtibe expMB^ 
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AO iQ Ik fieU ivtiero the liim m 
^Afd £qi! 6^ as bsMeen fiat-faoed polos; :#ke 
. QQFSlal bei^ restrsiaod so as to move only 
pttEtis} to it^ for under sudi dreosmtenoes 
tteiKueOs are equal in both directions md on 
hotti sides of the mass, and the <mly toutency 
4hA ^asrstal has, in relation to its magnecrystalr 
lie doadition, is to turn round a vertioat axis 
ud^ it is in its natural position in the mi^ 
nstic field. 

,r2576. A most important question next arises 
in relation to the ma^eerystallic force, namely 
mdsedher it Ss an original force inherent in the 
crystal of bismuth, Ac., or whether it is induced 
ita^ the magnetic and deotric influences. 
When a piece of soft iron isheld in the vidnity of 
amagnetitacquiresnewpowersand properties; 
eme persons assume thk to depend upon the 
development by induction ol a new force in 
the iron and its particles, like in nature to tiiat 
the indudng magnet: by others it is con- 
sidered that the force origii^ly existed in the 
particles of the iron, and ^t the inductive ac- 
tion consisted only in the arrangement of all 
tile dementary forces in one general direction. 
Applying this to the crystal of bismuth, we 
cannot mdce use of the latter suppodtion in 
same manner; for all the particles are ar- 
ranged beforehand, and it is that very arrange- 
mmit of them and thdr forces which gives 
Msmuth its powmr. If the particles of a sub- 
dance be in the heterogeneous condition pos- 
sessed hy tiiose df the iron in its unmagnetic 
ftete, tiien the magnetic fon^ may develop the 
magnetic, and alsq the diamagnetic condition, 

. idii^ jpasofaably is & condition ^ induction; but 
lt '4Qes imt appear at once, that it can de>^p 
dihdenf the kind now under tsOnstderatioiL 
hold: thdr oim to a 
geeai extent in all the results is manifest, by 
tile eonsidetation that they have an inherent 
psvimr or force, the crystalline force, which is 
so unchangeable that no treatment to which 
tiwQr can be eubjected can alter it; that it is 
vary force winch, piadng the pi^des in a 
fegihur poehSon in the mass, enables them to 
aM jdn^ on thB^magnet or the dectrie cur- 
iMt, and aSfMst or be affected by them; and 
thet 'if tiie portideeiave not so arranged, but 
am iaall dkectiojos m Ilia mass, then the wan 
WtiMBw forces exteiw% b Bcitl^ 

, Jidstfm eomtiem cd tlm 
: dMop the dif^itest faaoe o£tiie phenomeDa. 

; And timt pintideaevno before ciystal* 

act'-in eeaoo degree ut a.-distBiio^ 


by viitoeef is, Itidah, 

shown by the following fact. A jar contakfing 
about a quart of solutkm of au^hate of soda, 
of Boeh strength as to crystallise when edd by 
the touch of a crystal of the salt or an extrane- 
ous body, wasd^, accidentally, for a wedc or 
more unattended to and undisturbeA lhesolu- 
tkm tenaiamedfluid; but on tiw jar being touted, 
csystalliaation took place throughout the whole 
mass at once, produdng dear, distinct, trans- 
parent plates, which were an inch or more in 
length, up to half an inch in breadth; and very 
thin, perhaps about the one-fiftieth or one- 
sixtieth of ntf inch. These were all horiaontal, 
and of couise paralld to each other; and I 
think, if I remember ri^tly, had their mgth 
in the same direction; and they were alige m 
character, and, apparently, in quantity in ^ry 
part of the jar. They almost held the fluid in 
its place when the jar was tilted; and wheni the 
liquid was poured off presented a beautiful and 
uniform assemblage of crystals. The result per- 
suaded me, at the time, that thou^ the influ- 
ence of a particle in solution and about to crys- 
tallize, must be immediately and essentially 
upon its neighbours, yet that it could exert an 
influence beyond these, without which influ- 
ence, the whole mass of solution could hardly 
have been brought into such a uniform crys- 
tallizing State. Whether the horizontatity of 
the plates can have any relation to the almost 
vertical lines of magnetic force, which from the 
earth’s magnetism was pervading the solution 
during the whole time of its rest, is more than 
I wiU venture to say. 

2579. The following are considerations which 
bear upon this great question <2576) of an 
oiigmai or an induced state. 

2580. In the first {^ce, the bismuth carries 
off no power or particular state from the mag- 
netic field, able to make it affect a magnet 
(2504) ; so that if the condition acquired by 
crystal be an induced condition, it is probably 
a tranrient one, and continues only whilst un- 
dwi induction^ The fact, therefore, ihou^ neg- 
ative m its evidence, agrees, as ^ as it telb, 
with that sui^posttion. 

. 2581 . In tiie nea^ ffiadei^ if the effect wwe 
wholly due, in far es the ifiimneemed, 

to an Mgaiad, power inheteiit ifi thfi mass, we 
m^texpeet toffnd the eaeth^sini^giMSE^^ 
any weakmaghbt^effeetk^ 
tHie that a whsi^magnetio foroe to 
iluoe a^ 

mnth as a 

timalty. Butif the|^veQOcm&^ 
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mamA by. the tketee of aaag^fcfaj^ .to *W****.^ ’«rtemai igd 

whiohitw«8«abieclied,«»«ia Wiiiaga^ wMi 

force ouj^ht to eet atore decidedly <m3S 2S tTST^ f mannw, mbteet 

muthtiMwityrouWdottthecOadLJSwilJ 

duoed in the iHannith, end onh^ inwonortion ®™5 *“* «»lt>os «ibe 

to ite own farce. Whafavor the^^wSSe ^ S!!m S iff ^ tiity 

gument, Ii was mdnced to repeat the eimeri- taon ** *“^^«»a«ihod witiiout &e indue* 

in small fiaeks or jars oontMned wiitoi^ as it is MiLat^r^aMln^i®^ ^ 
larger covering jar, and tn«.lfiT>g tV ATTMij .i^* “ BfiOMated w ^^oped under the ittf^ 

in an undeqp^ind pla^fafoJmJSX! 5*“T!* ' 

stant temperature, I was able to exclude every lieved l^^^L rtf ^^*1 v* 

effect of cunents of air, so that the oryS oiysta^it^i laiadl 

thfi fliifiDfindincr fiKrae Kv fliA tt.. ! . . - i.' 
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the suspen^g fifae by the index' above. Un- 
der these eireumstanoes I could obtain no indi- 
cations of pointing by <he earth’s action, either 
with crystals of bismuth or of sulphate of iron. 
Perhaps at tiieequator, where the lines of force 
are horisontal, tiiqr might be rendered sen- 
sible. 

25ffi. In the.third place, assuming that there 
is an ordinal force in the mystals and their 
molecules, it might beexpected that they would 
MOW some direct influence upon each other, 
independent of the magnetic force, and if so 
the beet possible argummit would be thus oIk 
tain^ that the force which is rendered mani- 
^t in the magnetic field was inherent in them. 
But on placing a large crystal with its magno- 
crystallic axis horismtal under a smaller and 
suspended om, or side by ^e with itj I could 
Iwocure.no signs of mutual action; even when 
the approximated parts of the crystals were 
ground or dissolved away, so as to let the two 
ma^ come as near as possible to each other, 
having large surfaces at the smallest possible 
distance. Slxtreme care is required in such ex^j 
^nr^ts (2581), or else many results are pro- 
duced which saem to show a mutual affection 
of the bodies. 

2583. N^litat oould I find any traoe of mu- 
tuw action between crystals of bismuth, or of 
sulphate of iron, when they 'were both a the 


2686. TW» force appears to me to be 
strange and strilmg in its character. It is not 
^lar, for there is no attraction or repulsion; 
Then what is the nature of the medbanicsl 
force wWoh turns the crystal round (2468). 
makes it affect a magnet (2564)? It b not likd 
a turning helix of wire acted on by the Imes cd 
magnetic force; for there, there is a current df 
electricity requir^, and tiie ring has polarit^^ 
all the time and is powerfully attradod or 
polled.^ ^ 

2587. If we suppose for a moment that 
ariai position js that in which the crystal 
affected, and that it is in the oUique 
that the magnecrystalUc axial direction » jifw 
feet^ and render^ polar, giving two 
pulling the crystal round, then th^ ou^t to 
be attraetions at these times, and an obliqi^ 
presented crystal ought to be attmcted 
single pde, or thd nearest of two poles; buttto 
action of tys Idnd appears^ : f. ‘ 

25^i Or we might suppose 
is a little more apt for magnetic imtoction, orw 

little lens ii.nt fm» ..ajl'.. 


direction of the magnecrytoaffic axis ttan^: 
otiMV directioBB. Bui, If s«v si diould 
shew polar attraotioiiB in-ifas case of ^ maB. . 
netic bodieB, aa sulphate of infa (2557, 2588)9 
and in the.ca8e'Of diamagnvtie rbodiea, ae .biiii; ' 
muth, a iMerento in demne <ff itoulliMi' 


mannMe^ waa^ Muuu w mum, » om^renoe 10 fine degnse d iwpitiAii’ 

anrf f Visa fj^ly suspended when presented with the magnsorirotoliis 

the other bmuij^t m, vanous potitiona near parcel and perpendicular to the lined Of "rn ir 
Qftoa -u^ , - _ netic force (2652) ; which it does not dot 

3MiJ^tI,*abmM fe««f6r0OText^ 258». I do net cemamber hantofoM inch • 




2S9&^ if tbe'^po^ be faiduoed, it must be 
Bke, gtoerally, to its inducing piudominants; 
and tiiese are, at present, the magnetie and 
dectrte ibroeB. If induced, subject to tiie crys- 
ialiine force (2577), it must show an intimate 
letation between it and them. How hopeful we 
myibe^ therefore^ that the results w31 help to 
tiirow open the doors which may lead us to a 
full knowledge of these powers (2146), and the 
combined manner in which they dwdl in the 
pairticles of matter, and exert their influence in 
producing the wonderful phenomena whidii 
they present! 

2591. 1 cannot resist throwing fourth another 
view of these phenomena which may possibly 
be the true one. The lines of magnetic force 
may perhaps be assumed as in some degree re- 
sembling the rays of light, heat, &c.; and may 
find difficulty in passing through bodies, and 
so be affected by them, as light is affected. 
They may, for instance, when a cr 3 rBtalline 
body is interposed, pass more freely, or with 
foss disturbance, through it in the direction of 
the magnecrystallic axis than in other direc- 
tions. In that ease, the position which the crys- 
tal ts&es in the magnetic fidd with its magne- 
ciystallic axis parallel to the lines of magnetic 
force, may be the position of no, or of least re- 
sistance; and therefore the position of rest and 
stidile equilibrium. All the diametral effects 
would agree with this view. Then, just as the 
optieaxis is to a ray of polarized light, namely, 
the direction in which it is not affected, so 
would the magnecrystallic axis be to the lines 
of magnetic force. If such were the case, then, 
dbo, as the phenomena are developed in crys- 
talline bodies, we might hope for the discovery 
of a series of effeots dependent upon retarda- 
tion and influence in direction, parall^ to the 
beoutiW phenesnom presented by light with 
lomifialibodies; In making this supposition, I do 
forget the points of inertia and moment 
sudh an idea as I can fonn of in^ia 
does not e^kolude the above view as altogedier 
kintkmal< I imnemfaer too, that, whmi a mag- 
nstie pole imd a wire carrying an electric cur- 
rent ai^ fiBBtened together, so that one cannot 
turn wHbout thb other, if the <me be ma^ 
dm other will imii^ idund and carry the first 
with it ; and atsor that if a magnet be floated 

idercory and a emmit sent down it, the 
soaga^ wffl revdpa the powers which are 


idea.^ Tbe hope of a poiariz^ buiidle of mag- 
netic forces isenough of itsetfto makeonewoik 
earnestly with su<h an object, thou^ only in 
imagination, before us; and I may Wtil say 
that no man, if he take industry, impartiality 
and caution with him in his mvestigations of 
science, ever works experimentally in vain. 

2592. 1 have already referred, in the former 
paper (2469), to Plttcker's beautiful discovey 
and results in reference to the impulsion of the 
optic axis* of certain crystals by the magnet, 
and have distinguished them from my own ol^ 
tained with bismuth, antimony and arsenic, 
which are p^t cases of either repulsioi^ or at- 
traction; believing then, with Plticker, that the 
force there manifested is an cptic axisuorce, 
exerted in the equatorial direction; and there- 
fore existing in a direction at right angles to 
that which produces the magnecrystallicvphe- 
nomena. 

2593. But the relations of hoHi to crystalline 
structure, and therefore to the force which con- 
fers that condition, are most evident. Other 
considerations as to position, set, and turning, 
also show that the two forces, so to say, have a 
very different rdation to each other to that 
which exists between them and the magnetic 
or diamagnetic force. As, therefore, this strong 
likeness on the one hand, and distinct separa- 
tion on the other are clearly indicated, I wili en- 
deavour to compare the two sets of effects, 
with the view of ascertaining whether the force 
exerted in producing them is not identical. 

2694. 1 had the advantage of verifying Pliick- 
er’s results under his own personal tuition in 
respect of tourmaline, staurolite, red ferro-prus- 
siate of potassa, and Iceland spar. Since then, 
and in reference to the present inquiry, I have 
carefully examined calcareous spar, as being 
that one of the bodies which was at the same 
time free from magnetic action, and so simple 
in its crystalline rdations as to possess butene 
optic axis. 

2595. When a small rhomboid, about 0.3 of 
w inch in its^greatest dimension, is suspended, 
withitsopticaxis horizontal, between ttepoin^ 
ed poles ^2458) df theeieetr&4nagnet^ approid- 
mated as dos^ as ti^y con be to Ulow fr^ 
motion, the rhomboid sets in the equatorial di-* 
rection, and the o]itic axis coihci^ ^th the 
magnetic axis; but^ when thepoles werei^parat- 
€d to the distance<^ half, or three-quartds of 


wpfn its mass. Witii my impdlect matbe- 
/Mtied teowje(^ &ere Ae^ns as much dif- 
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iiKsh, the ifaomboid turned thiuug^ und 
set with the c^tie axis in the eq wtoriat diree- 
tioHi and the latest length 83^. In the first 
instanoe the diamagnetic force overcame the 
optic axis force; in the second the optic axis 
force was the stronger of the two. 

2596. To remove the diamagnetic effect I 
used flat poles (2463), and then die little rhom- 
boid always set in, or vibrated about, that posi- 
tion in wMch its optic axis was equatori^. 

2597. I also took three cubes of calcareous 
spar (1695), in which the optic axes were per- 
pendicular to two of the faces, of the respec- 
tive dimensions of 0.3, 0.5, and 0.8 of an inch 
in the side, and placed these in succession in 
the magnetic field, between either flat or pointed 
poles. In all cases, the optic axis, if hcuisontal, 
passed into the equatorial position; or, if verti- 
cal, left the cubes indifferent as to direction. It 
was easy by the method of two positions (2470) 
to find the line of force, which, being vertical, 
left the mass unaffected by the magnet; or be- 
ing horissoatal, went into the equatorial posi- 
tion; and then examining the cube by polar- 
ized light, it was found tl^t this line coincided 
with the optic axis. 

2598. Even the horseshoe magnet (2485) is 
sufficiently strong to produce these effects. 

2599. 1 tried two similar cubes of rock-crys- 
tal (1692), but could perceive no traces of any 
phenomena having either magneoptic, or mag- 
necrystallic, or any other relation to the crys- 
talline structure of the masses. 

!%00. But though it is thus very certain that 
there is a line in a crystal of calcareous spar 
coinciding with the optic axis, which line seems 
to represent the resultant of the forces which 
make the crystal take up a given position in 
the magnetic field; and, though it is equally 
certain that this line takes up its portion in 
the equatorial direction; yet, considered as a 
line of force, i,e., as representing the direction 
of the force which places the crystal in t^ 
position, it seems to me to have something 
anomalous in its character. For, that a direct- 
ing and determining fins of force should have, 
as its full ^ect, the remiit of gmng into a pktm 
(the equatmial), in which it can take up any 
one of cm infinite number of positions indiffer- 
ently, leaves an imperfect idea on my wind; 
and a thought, that there is some other effect 
^ teddukl pbeiunnena to be recogmsed and 

accounted fbh 

S601w On f^er eotirideratioii, it appears 
^ ef the magnecrys- 

ig» btenuihi wiB 


supply us with a pi^r&et iepveae^^ 
i^te of calcareous vpar; by plaeibg tm 
equal pieces of bumuth with th^ magne(S!ys>* 
tallic axes perpendicular to each other <2484); 
we have a system of forces which seems to pioe* 
sess, as a resultant, n line setting in the equar 
torial direction. When that line is vertical, the 
system is, as regards position, indiffermit; but 
when horizontal, the system so stands, that the 
line is in the equato^ plane. Still, the xedi 
force is not in the equatorial direction, but 
axial; and the system is moved by what may 
be considered a pkm of axial force (resulting 
from the union of the two axes at ri^t ang^ 
to each other), rather than by a line of ^eguaith 
rialforce. 

2602. Doubtless, the rhomboid or cube (2507) 
of calcareous spar is not a compound crystal, 
like the system of bismuth crystals just referred 
to (2601) ; but its molecules may possess a conr- 
pound disposition of their forces, and may have 
two or more axes of power, which at the same 
time that they cause the crystalline structure, 
may exert such force in relation to the magnet, 
as to give results in the same manner, and of 
the same kind, as those of the double crystal of 
bismuth (2601). Indeed, that there should be 
but one axis of crystalline force, either in the 
particle of Iceland spar, or in those of bismulh, 
does not seem to me to be any way consist^i 
with the cleavage of the substances in three or 
more directions. 

2603. The optic axis in a |H6ce of calcareous 

spar, is simply the line in wMch, if a palarizedr 
or ordinary ray of light moves, it is the leastaf- 
fected. It may be a line which, as a resultant of 
the molecular forces, is that of the least int^ 
sity; and, certainly, as regards ordinary ahd 
mechanical means of observing cohesion, apMs 
of calcareous spar is sensibly, and much hatdw 
on the faces and parts which are parallel to the 
optic axis, than on those perpendicular to it» 
An ordinary file or a piece of sandstone showi 
this. So that the plane equatorial to fhe opt&s 
axis, as it represents directions in whidi fite 
force causing crystallization is m ^ 

gree than in &e direction of the optic axis, lhay 
fiao be that in which the resultant of ita 
necrystallic force k exerted. ^ li : 

2604. 1 am bound to state, as in scane deg^ 
in contrast with such considerationB, that, wdlh * 
bismuth, antimony and arsenk, the cteavag^ 
k very facSe perpendicular to the jmgjaoeifar 
tallic axk (2475, 2510, 2532). But we must rw- 
member that the cleavage (and 
cohesive) force k not the only thing to he eon* 





i4dmd» fete 

efe 1IW fifStm tee aadal or tee equatorial 4i* 
leetbu of tfe eRibatance in the magnetic field: 
m tenet endeavour to look beyond this to the 
potte (or axial) condition of tee particles of the 
IktteBe^ tor the full understandi^ and true re- 
lalion of all these points. 

M05. 1 am bound, also, to admit that, if we 
consider calcareous spar as giving tee simple 
iystem of force, we may, by tee juxtaposirion 
m two crystals with their optic axes at right 
an^es to each other, produce a compound mass, 
which will truly represent the bismuth in tee 
direction of tee force; i.e., it will, m tee mag- 
netic fidd, point with apparently one line of 
force only, and teat in the axial direction, whilst 
it may be really moved by a S 3 rstem of forces 
lying in tee equatorial plane. I will not at pres- 
ent, pretend to say that this is not the state of 
tiun^; but I thii^, however, that the metab, 
tesmuth, antimony and arsenic, present us with 
the simplest as they do the strongest cases of 
magneerystallic force; and whether that be so 
or not, I am still of opinion that the phenmnena 
discovered by Plfic^r and those of which 1 
have givm an account in these two papers, 
have one common origin and cause. 

2606. I went through all the experiments 
and reasonings with PlUcfcer’s crystals (as tee 
oarbcmate of lime, tourmaline and red ferro- 
pmsnate of potassa), in reference to tee ques- 
tion of original or induced power (2576), as be- 
fee, and came to tee same conclusion as in the 
femer case (2564). 

2607. 1 could not find that crystals of red 
faivo-prusBiate of potassa oit tourmaline were 
wSeeted by the ei^'s magnetism (2581), or 
teat they had tee power of i^ecting each other 
f|26B2), Ndteer c<^d I find that Hficker’s ef- 
lent vAte calcareous spar, or red ferro-prussiate 
M potasaa, was either an attractive or repul- 
sive effect, but one connected with position 
mtf (2550^2560). All which drcumstanoes tend 
td cowriiiee nEke that tee force active in his ex- 
perimentsi and that in my results with bts- 
iMithy fe, is the same.^ 

2668. AsmaU ihombokl of Iceland spar was 
aafed to tee Uii^hest temperature in tee mag* 
iiefefidd whkh acgiiritJam (2570); 



leaatwqtuil olwcp- 

per, foiriit pohiM^ae well then as bdfee. A 
teort teick toiumidlfe 

degree, and itafepcfeed eq^^ Well, fe it 
cooled, however^ it became faii^ nrngnetic, 
and seemed to ho entirely uste^ lor experi- 
ments at low temperatures; but on digestiltg it 
for a few seconds ih nitromuriatic.hc^, a Httie 
iron was diaedved from the surface, ate widte 
it pomted as weU; ainUn acxxuriance^ Plhek- 
er's law, as before, A Ettie <peroxide upon tee 
surface had been reduced by the fla^ and 
heat to protoxide, and caused the magnetic ap- 
pearcmces . ^ 

2600. There b a general and, as it appfes to 
me, important relation between Pllic]^s|nag- 
neto-optical results and those 1 formerif ob- 
tained with heavy glass and other bodies (2^152, 
Ac.). When any of these bodies is subject to 
strong induction Under the influence ^of the 
mapetie or electric forces, it acquires a pe- 
culiar state, in which it can influence a pobr- 
ised ray of light. The effect is a rotation of the 
ray, if it be passed through teesubstance parallel 
to the lines of magnetic force, or in other words, 
in tee axial direction; but if it be passed in the 
equatorial direction, no effect is produced. The 
equatorial plane, therefore, is that plane in 
white tee condition of tee molecular forces is 
tee least disturbed as respects their influence 
on light. So also in PlUcker’s results, the optic 
axis, or tee optic axes, if there be two, go into 
teat plane under the same magnetic infiu^ce, 
they also being tee lines in wMoh there is the 
least, or no action on polarised light. 

2610. If a piece of heavy glass, or a portion 
of water, could be brought beforehand into 
tins constrained condition, and teen placed in 
tee magnetic field, I thii^ there can be no 
doubt t^t it would move, if allowed to do so, 
and p!^ itself naturally, so that the plane of 
no action on hght should be equatoiial, just as 
PlUcker teows teat anciystelof calciireouaspar 
or tcairmafine does infak experiments* And, as 
in his case, the mai^etic or dianmgnetie char- 
acter of tee bodies, fekas no difee^ iu the 
general imdt;jKkterii3|r sscpei^^ 

4sal is pmdiioed in teassmedfeetion^ ^ 

aubsecito ibotetetasee of 

ftihstanoe6<(2ii6r''8l87)^ . 

;ni 2611 , 

great and leading point, there is sws^^^ T 
feence in; feJdSBHbilfe 
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W}^ tbo igyM pOB^ the dei9i!iMeeii,i(^ ehan^l^; ' 
868^4 freely^ xiatuiBlly imd penoeiifiiitiy^ Jn equel retio aQ rotiiul'^^ it. It is mdre , 
both ei^, however, ifi^eth^, omtiueJ or in- able that variation is different in de^tee ia 
duced, it is a state df the .pa^hdes; and ooxn- different directions, c^MSoddnt on the pom^ 
paling the effedi on li^d^t of ithe under which give dffierence of form to the cr^t^ 
constraint with that of the crystal at liberty, it The kiK)wledge of the dis^tioh of Ihe Ustok 
indicate a power in the mi^t of inducing can be ascertamed minutdy hereaftm'^ by the 
something tike that condition m the i:^ole8 use of good crystals, an imdtangeable ordinary 
ofxnatterwhichisneoessaiyforcryB^tiaatioa; magnet {2485, 2528), or a repeated eleetrd- 
and that even m the particles of ffukto (2184). magnet, flat^faced i^es (2468), and tofridh 

2612. If there be any wei^t in these con- (2500, 2530). ^ 
siderations, and if the fm^cea manifested in the 2614. I cannot conclude this asdes of 
crystals of bismuth and Iceland ffpar be the searches without remarking how ra^dly ttid 
same (2607), then there is furth^ reason for knowledge of molecular forces grows upon US^ 
believing th^, in the case of bismuth and the and bow strikingly every investiga^on tdi^ 
other metals named, tihere is, when Ihey are to develop more and more their importance, 
subjected to the power of the magnet, both an and their extreme attraction as an object of 
induced condition of force (2584), and also a study. A few years ago magnetism was tons an 
pre-existing force (2577). The latter may be occult power, affecting only a few bodies; now 
distinguished as the crystaUine force, and is it is found to influence all b^ies, and to possess 
shown, first, by such bodies exhibiting optic the most intimate reiatimm with electiMty, 
axes and lines of force when not under indue- heat, ohmnicalaction, tight, erystaltisaiion,and^ 
tion; by the symmetric condition of the whole through it, with the forces concerned hi cck 
mass, produced under circumstances of ordi- hesion; and we may, in the present state of 
nary occurrence; and by the fixity of the line of things, well feel uc^ to continue in our la- 
magnecrystallio force in the bodies shown ex- hours, encouraged by the hope of biiaging 
perimentally . to possess it. into a bond of union with gravity itself . 

2613* Though I have sp(^n of the mi^e- 

crystallic axis as a given tine or direction, yet I EoycH Jns^ufum, October Mp 1848 * 


f vi. Note. On Vie FomVxm of u Crystal of Sulphate of Iron in the 
Moffndic Field 

Rbcsived Dscsmbsb 7, 1848, Esad Dbcbmbbb 7, 1848 

2615. Though effects of the following nature' 2616. A prismatic crystal of protosuljduiteeF 
are general, yet, I think it oonvenient to state iron was skeoted, which was nearly 0.9 of an 
that I obtained them chiefly by the use of meg- inch in length, 0.1 in breadth, and 0.05 in thicks 
netic poles (2^7), the form of which is given ness; by ex a m i n ation the magnecrystallie aeie 
in the plft-n side-view!annexed {Fif* ff). The was found to coincide with the thickness, end' 

therefore to beperpendicuhr, or neariy so 
to the plate. Being suspended as above 
scribed, and the magnet (2247) excited by 
pair of Grove’s plates, the crystal stood trtw*' ^ 
verse, or wiih its adsis pmStA^ 

to axis of magnetic force, when ^ 
tahoe between the poles was 2.25 inthee 
more; but wben the distance was abettt 2 
or leas, then it stood with its h«^ 

Fig.6 

ion were sue* 
belevd with 


<^ta]s anbmittad to thek 
llf.ewwp* w »» to 
^ *VP»r«to4to4)if 


or Bfluly BO* and its inacBttoi7«tuw ml immk 

Ion traosvdm to the iiMS of 

to tin iirtditaMdtoto dktone«ti)M«i|M» 

2ii6 inches, toe priimaMRini^ 
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(2681)i Hoxm or less indinod to ttie arid 
passing gradnaliy from the one posi- 
tion to the other. This intermediate distance 
I for the present call n (neutral) distance. 

^ 2617. If the poles be 2 inches apart and the 
ciystal be ^adually towered, it passes through 
^ same intermediate oblique positions into 
the transverse position; or if the crystal be 
idsed, the same transitions occur; at any less 
distance the chcmges are the same, but later. 
They occur more rapidly when the crystal is 
rais^ than when it is lowered; but this is only 
because of the unsymmetrio disposition and in- 
tossity of the lines of magnetic force around 
the magnetic axis, due to the horseshoe form 
of the magnet and shape of the poles. If two 
cylinder magnets with equal conical termina- 
tions were employed, there is no doubt that for 
equal amounts of elevation or depression, cor- 
reeponding changes would take place in the 
podtion of the crystal. 

8618. These changes however are not due to 
mere diminution of the magnetic force by dis- 
tance, but to differences in the forms or direc- 
dcnof the resultants of force. This is shown by 
the fact that, if the crystal be left in its first 
position, and so pointing with the length axially, 
no diminution of the force of the magnet alters 
the position; thus, whether one or ten pair of 
plates be us^ to excite the magnet, the n dis- 
tance (2616) remains unchanged; and even de- 
scending to the use of an ordinary horseshoe 
magnet, I have found the same result. 

2619. Variation in the length of the prismatic 
crystal has an important in^ence over the re- 
sult. As the crystal is shorter, the distance n 
diminishes, all the other phenomena remaining 
the same. A crystal 0.7 of an inch long, but 
tliicker than the last, had for its maximum n 
iSstanoe 1.7 indi. A still shorter crystal had for 
ita maximum n diatanoe 1.1 inch. In ril these 
cases variatton of tbelorceof the magnet caused 
m fiepsible change. 

" Variatiimin that dimension of thecrys- 

tal^coincident with, the magnecrystallic axis af- 
fpdmd ihe ^ dkhKmce: thus, increase in the 
leui^ of the magnecrystallic axis diminished 
^ distaneo, middmmautioR of it in that direo- 
tiiah increased the distance. This was shown in 
two ways; firsts by pladng a second prismatio 
mysbri by therideol ihaformer in a synmriric 
reduced the n distamse 
ipchet; ami next, by am** 
oi &e same 

hmgth ,but different ttudmesses. The thidker 
oimhari theeaaBer n dktu 


8621. Variation in the depth of the crystal, 
i.e. its vertical dimenrion, did not prodiiCe any 
sensible effect on the n distance: nor by ^etny 
should it do so, until the extension upwards or 
downwards brings the upper or lower parts into 
the condition of raised or depressed portions 
(2617). 

2622. Variation in the form of the poles af- 
fects the n distance. As they are more acute, 
the distance increases; and as they are more 
obtuse up to flat-faced poles (2463), the dis- 
tance diminishes. 

2623. With the shorter crystals, or ^th ob- 
tuse poles, !t1s often necessary to diminish the 
power of the magnet, or else the crystal is liable 
to be drawn to the one or other poie.|This, 
however, may be avoided by employing ver- 
tical axis which is confined below , as wlfeU as 
above (2554) ; and then the difference in sti^^th 
of the magnet is shown to be indifferent to the 
results, or very nearly so. 

2624. These effects may probably be due to 
the essential difference which exists between 
the ordinary magnetic and the magnecr 3 rstallic 
action, in that the first is polar, and the second 
only axial (2472) in character. If a piece of 
magnetic matter, iron for instance, be in the 
magnetic field, it immediately becomes polar 
(i.e., has terminations of different qualities). If 
many iron particles be there, they all become 
polar; and if they be free to move, arrange 
themselves in the direction of the axial line, be- 
ing joined to each other by contrary poles; and 
by that the polarity of the extreme particles is 
increased. Now this does not appear to be at 
all the case with particles under the influence 
of the magnecrystallic force; the force seems to 
be altogether axial, and hence probably the 
difference above, and in many other results. 

2625. Thus, if four or more little cubes of 
iron be suspended in a magnetic field of equal 
force (2465), they will become polar; if also 
four similar cubes of crystallized bismuth be 
similarly circumstanced, they will be affected 
and point. If the iron cubes be arranged to- 
gether in the direction of the equatorial line, 
they will form an aggregate in a position of un- 
stable equilibrium« and will inux^iately) bs a 
whole, turn and pomt with the leiigth as^yi 
whereas the biffinutb cubes by such approxi- 
mation wiU suffer no , fusible change. 

2626. The extreme (md the other) a^cia^ 

cubes of tiie iron arrim^ment 

have a polar force Above tiiat wWiffi ^ 
before; and the wliofe.group servei^ ie IfilrBrifi 
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asa cmdfKitot forthefioeB ofiaiagiietiiQpdwer; 
for mBSiy of thw^edaceatrate upon the iron, 
and the intensity of power is much stron^r be- 
tween the oads of the iron arrangement and 
the magnetic poles than it is in other parts of 
the magnetic field. Such is not l^e case with 
the bifflnuth cubes; for however they be ar- 
ranged» the intensity of force in the magnetic 
field is, as far as experiments have yet gone, 
unaffected by them; and the intensity of the 
molecules of the crystals appears to remain the 
same. Hence the iron stands lengthways be- 
tween the poles; the bismuth crystals, on the 
contrary, whether arranged side by fidde, as re- 
spects the magneciystallic axis, so as to stand 
to length equatorialiy; or end to end, so as to 
stand axially, are perfectly indifferent in that 
respect, vibratingandsettingequally both ways. 

2627. A given piece of iron when introduced 
into a field of equal magnetic force, and brought 
towards the pole, adheres to it and disturbs the 
intensity of the field, producing a pointed form 
of pole in one part with diverging lines of force: 
a crystal of bismuth vibrates with sensibly equal 
force in every part of the field (2467), and does 
not disturb the distribution of the powers 

2628. Considering all these actions and con- 
ditions, it appears to me that the occurrence of 
the n distance with a body which is at the same 
time magnetic and magnecrystallic, may be 
traced to that which causes them and their dif- 
ferences, namely, the jfokarUy belonging to the 
imignetic condition, and the axicdUy belonging 
to the magnecrystallic condition. Thus, sup- 
pose an uniform magnetic field three inches 
from pole to pole, and a bar of magnetic matter 
an inch long, suspended in the middle of it; by 
virtue of the polarity it acquires, it will point 
axially, and carry on, or conduct, with its mass, 
the magnetic force, so much better than it was 
conducted in the same space before, that the 
lines of fprce between the ends of this bar and 
the magnetic poles will be concentrated and 
made more intense than anywhere else in the 
magnetic field. If the poles be made to ap- 
proach towards the bar, this effect will increase, 
and the bar will conduct more and more of the 
magnetic force, and point with proportional 
intensity. It is not merely that the magnetic 
field becomes more intense by the approximar 
tioai'Crf the polesv but tl^ proportion of force 
carried on by the bar becomes greater as comr 
pared to that^conveynd onward byw eqiial 
cpaeein tlm, magnet fidd at its side* ; 

if,a Smilar bar of magneciystallic 


power ^fbes not lisein fhe fltoie orJMi 

the same great proporrion, by approxismticMa 
of the poles. There can be no doubt 
approximation increases' the intensity of; the 
Ibes of force, and th^fore increases theSnteia<t' 
sity of the magneto-crystailic state; but 
state does not appear to be due to polarity, aad 
the bar does not convey moie power throi^it 
than is conveyed onwards elsewhere through 
an equal space in the magnetic fidd. Hence its 
directive force does not increase in the same 
rapid degree as the directive force of the mag^ 
netic bar just referred to. 

2630. If then we take a bar which, like a 
prism of sulphate of iron, is magnetic^ also 
magnecrystallic, having the magnecrystallic 
axis perpendicular to its length, such a bar, 
properly suspended, ought to have an n distance 
of the poles, within which the forces ought to be 
nearly in equilibrium; whilst at a greater dis* 
tance of the poles, the magnecrystallic force 
ought to predominate; and at a lesser distance^ 
the magnetic f oree ought to have tlie advantage ; 
simply, because the magnetic force, in conseh 
quence of the true polarity of the moleouies, 
grows up more rapidly and diminishes , more 
rapidly than the magneto-crystailic force. 

2631. This view, also, is consistent with the 
fact that variation of the force of the magnet 
does not affect the n distance (2618, 2619) ; fhr, 
whether the force be doubled or quadrupled, 
both themagnetic and magneto-crystailic forces 
are at the same time doubled or quadru^ded; 
and their proportion therefore remains the samet 

2632. The raising or lowering of the crystal 

above or below the line of maximum magne(tm 
force is manifestly equivalent in prind^e to 
the separation of the magnetic potes; and there** 
fore should produce corresponcfing^eeteaM 
that is the case (2617). Besides that, 
crystal is raised above the level of the poles, 
such resultants of magnetic force as pass throui^ 
it, are no longer parallel to its length, but moi^ 
or less curyiri, m that they probably cannot 
act with the same amount of power in throw- 
mg the whole crystal intq a consistent polar*. 
iiSd magnetic condiHon, as if they were para^ 
lei to it: whereas, as respects the induction 
the magneto-crystailic condition, each of the 
partides appears to be affected mdepei^el^ , 
of the others; and, therefore, any loss ! 

feet dependent upon joint action' woilddpiQ^.te 
fdthere. * ^ -r.- 

2033. M. Plficker toldme, when hbfingl^ 
in August last, that the r^isive tom oa-tM 
optic axis dimkiiisbes aadiimgsw w iwhUy 
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l^dbiMie of 

liol i» not ottered m its to the 

Mse terse by emplo^^g a stsooger or weak^ 
ooagiiet. Millais is matiilestly the saitie effect as 
tetat 1 have bemi deseribixig; and makes me 
atilt teore tlunoughly persu^ed that his re* 
mite mid mine are dueto one and the same 
eaitaa (2605, 2607). 

^^2634* I have said that, within the n cUstanee, 
fimery^ of sulphateof iron pointed more car 
teas obliquely (2616); I will now state more 
jMuticularly what the drcumstances are. If the 
diatance n be so adjusted, that the prismatic 
oryotal, which is at the time between the mag-^ 
poles, shall make an angle of 30^ (or any 
quantity) with the axial line; then it will be 
found ^t teere is another stable position, 
namely, the (diametral portion (2461), in which 
it can stand; but that the obliquity is always 
on the same side of the axial line; and that the 
caystal will not stand with the like obliquity 
of ;3(f 1 on the opposite side of the magnetic 

aids4 ' 

263fo If the crystal be turned 180^ round a 
vertfoal aads, or end for end, then the inclina* 
tbn, and tee direction in which it occurs, re* 
maiii uxkchanged; in fact, it is simply giving the 
ia^ystad tlm position. But if the crys- 

tal be revolved 180^ round a horizontal axis; 
dUher that coinoiding with its length, which 
repreraits its maximum magnetic diction; or 
te^eorresponding with its breadth, and there- 
fore with themagnecrystallicmds; then the in- 
timation is tee same in anv^t as before, but 
it is on tee cAar side of theaxiid line. 

/ is tbci case with lall tee prismatic 

sulphate of iron which I have tried; 
Is very detenninate; and, as would 
two eryirtais correspond in 


the tedBndtem^ 

ro^Kind te tee pesitioniff 

tion cxf tte various plamiii 
%37. All teese varteiicns olporitiim^i^ 
cate an. oblique resultant of setting force, de- 
rived from tee joint action of tee magnetic and 
magnecrystalUc forces; and would be explained 
bythesupporitionthatteemagnecrystalUeaxis 
or line of maximum magnecrystallic force was 
not perpendicular to the. chief planes irf the 
crystal (or those terminating it), but a little in- 
clined In tee direction of t1^ length. 

2638. Whether this be the case, or whether 
the maximtufi Hue of magnetic force may not, 
even, be a little inclined to the length »f the 
prism; still, the n distance supplies an exmllent 
experimental opportunity of examining t|is in- 
clination, however small its quantity ina|r be; 
because of the facility with which the influence 
of either the one or the other may be made 
predominant in any required degree. 

. Royal Institxdiony December 5, 1848 

i^9. Note. (2591) Another supposition may 
be thrown out for consideration. I have already 
said that the assumption of a mere axial condi- 
tion (2587, 2591) would account for the set 
without attraction or repulsion. Now if we sup- 
pose, it possible that the molecules should 
come polar in relation to the north and south 
poles of the magnet, but with no mvtwA telor 
Hon amongst fh^selvest then tee bismuth or 
other crystal might set as if induced with mere 
axial power: but it seems to me very improb- 
able that polarities of a given particle in a crys- 
tal should be subject to the influence of the 
polarities of the distant magnet poles, and not 
also to theiikepolariHes of the contiguous par- 
ticle8.-n/antMiry 24, 1849 
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Iknrai sUvthe 

4Mtea«ign<^.bodiea; 

, intj^ be 

tome ajldad 


by itva, aiekd aad ‘ordinary magnede bodies 
under Muae eirciiBaetaiMeB (2426. 2480). 
inile'viewvatMoeioedao&TOumbl^byPltto^ 
Beioh iDDidoih^ iwd ebove# W. Weber, 
(bat I bad'i^oM bcq^eett 

rliftiijVTMr- 




and 

(2497) tiU aot 

sire Md !««pectidiic^ were in Aat direeti^ 
2641. Wl^er InsmuA, oopper, phoe^nis, 
&c., when m tibe ma^tio fields are polar or 
^ot, is however an exceedingly hnporiiaiit ques- 
tion; md mpy essential and great differences, 
in Aemodecl alctiotii of Aeae bodies under Ae 
one view or the pther, must be conoeiived. to 
exist. I found that in every endeavour to pro- 
ceed byinductionofexperimetit from thatwhic^ 
is known in this depadment of science to the 
unknown, so mu(& uncertainty, hesitation and 
discomfort arose from the unsettled state of 
my mind on this point that I detennined, if 
possible, to arrive at some experimental, proof 
either one way or Ae other. This was the more 
needful, because of Aeconeiusion in the affirm- 
ative to which Weber had come in his very 
philosophical paper; and so important do I 
<:hink it for the progress of science, that, in 
those imperfectly developed regions of knowl- 
edge, wldch form its boundaries, our conclu- 
sions and deductions should not go far beyond, 
or at all events not aside from the results of ex- 
periment (except as suppositions), that I do 
not hesitate to Lay my present labours, thou^ 
they arrive at a negative residt, before the 
Royal Society. 


oiito wMcbilutd btet to 

pokr oos^tioQ mi* 011 ^ obiiBeqtte^^ 
law Uiat <iiam«gnetfe bodiei> to golroiiiK 
Btrongertowea]wrtdaeeaof«Btkm(2418;>o(tolfc- . 
again appeared to baive tboir odgin in . 
currents (26,'2338);'and furtiMr eebstderat^ 
seemed to indicate that thedifierences bettnsmi 
these modes of action and that of a raid polao> 
ity, wh^er maignetic or i^unagnetio,' as^t 
serve as a foundation on which to hdae a 
of investigaiion, and aieo to eonatraet ab ai>^ 
paratuB mi^t give usefd condusioiu aii^ 

results in lesp^ of tiiis inquiry. For, if 
polarity exists it must be in tire parfw^ W 
for the time permanent, mrd thm^re distU* 
guishable from the momentary polarity iirf,tisS. 
mass due to induced temporary currents; and 
it must also be distingui^ble from ordioaiy 
magnetic polarity by its contiraiy direction. 

2643. Astraight wooden lever, 2feetinieBgtiij 
was fixed by an axis at one end, and 1^ meaiia 
of a crank and wheel made to vilnate m a hmi^ 
aontal plane, so timt its free extremity 'grassed 
to and fro through about 2 inches. Cyfmdem 
or cores of metal or other substances, 5^ iib 
tires long and three-quarters of an inch diame^ 
ter, were fixed in succession to tire end of b 
brass rod 2 feet bng, wMtir itstif was attatiied 
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41^ othfflT to toe metoig mtas&oMy of 
toe }ever« so toat the cylinders could be moved 
tosjodihoto toedirection of theirleiigth through 
jthe space of 2 inches. A large cylinder electro- 
was also prepared (2191), the ircm core 

whidi was 21 inches long, and 1.7 inch in 
dkmeto; but one end of iMs core was made 
laoialler for the length of 1 inch, being in that 
part only 1 inch in diameter. 

2644. On to this reduced part was fixed a 
fajoUow helix consistmg of 616 feet of fine cov- 
ered copper wire: it wasB inches long, 2 inches 
external diameter, and 1 inch internal diame- 
ter: when in its place, 1 into of the central 
toace was oocupito by the reduced end of the 
dectro-magnet core which carried it; and toe 
magnet and helix were both placed concentric 
with toe metal cylinder above mentioned, and 
if siito a distance that the latt^, in its motion, 
would move within the helix in the direction of 
its axis, approaching to and receding from the 
electro-magnet in rapid or slow succession. The 
least and greatest distances of the moving c^- 
inder from the magnet daring the j oumey were 
one-eighth of an inch and 2.2 inches. The ob- 
ject of course was to observe any influence 
upon the experimental helix of fine wire which 
toe metal cylinders might exert, either whilst 
moving to or from toe magnet, or at different 
distances from it.^ 

2645. The extremities of the experimental 
helix wire were connected with a very delicate 
galvanometer, placed 18 or 20 feet from the 
machine, so as to be unaffected directly by the 
dectro-magnet; but a commutator was inter- 
posed between them. This commutator was 
moved by toe wooden lever (2643), and as the 
dectric currents Which would arrive at it from 


in force, or in its action upon ndghbouring 
bodies, or in its distance frmn, or r^ti<m to, 
toe experimental helix; but toe introductom of 
a piece of iron into the hehx, or anything ebe 
timt can influence or be influmiced by the mag- 
net, can, or ought to, toow a corresponding m- 
fiuence upon toe helix ami galvanometer. My 
apparatus I should imagine, indeed, to be al- 
most the same in principle and practice as that 
of M. Weber (2640), except that it gives me 
contrary results. 

2647. But to obtain correct concluricps, it is 
most essenlakl that extreme precautioqlshouid 
be taken in relation to many points ^mich at 
first may seem unimportant. All parts|of the 
apparatus should have perfect ste^ine^, and 
be fixed almost with the care due to an^kstro- 
nomical instrument; for any motion ol, any 
portion of it is, from the construction, sure to 
synchronise with the motion of the commuta- 
tor ; and portions of effect, inconceivably small, 
are then gathered up and made manifest as a 
whole at the galvanometer; and thus, without 
care, errors might be taken for real and correct 
results. Therefore, in my arrangements, the 
machine (2643, <&c.), the magnet and helix, and 
the galvanometer stood upon separate tables, 
and these again upon a stone floor laid upon 
the earth; and the table carr 3 dng the machine 
was carefully strutted to neighbouring stone- 
work. 

2648. Again, the apparatus should itself be 
perfectly firm and without shake in its motion, 
and yet easy and free. No iron should be em- 
ployed in any of the moving parts. I have 
springs to receive and convert a portion of the 
momentum of the whole at the end of the to 


toe experimental helix, in a complete cycle of 
motion or to and fro action of the me^ cyl- 
inder (2^43), would consist of two contrary 
ixuriaons, so the office of this commutator was, 
sometimes to tahe up these portions in sueces- 
rion and send them on in one consistent cur- 
rent to the galvanometer, and at other times to 
expose them and to neutralize their result; and 
mmSore it was made adjustable, so as to change 
at any period of toe tone or part of toe motion. 

2646. With such anarrangement as this, it is 
Iwwn that, bomeim powerful the magnet, 
find however dtoc^te^^^ partoof the ap- 
pBii^uB, iio stfeot be pmdueed at toe gud- 

^ were insde 

ittto eyUlidm idkirter, imt’of larger diameter than 
tiMSwMeribedabeve, aadiiaed fpitoa eomfepmidkig 
WtdisriHHis* faettoriHollatlumlfaemlh^ 


and fro journey; but it is essential that these 
should he of hammered brass or copper. 

2649. It is absolutely necessary that the cyl- 
inder or core in its motion should not in the 
least degree disturhior shake the experimentoi 
hdix and toe magnet. Such a shake majr easily 
take place and yet (without mudi exp^ence) 
not be perceived. It is important to have the 
cores of such bodies as bismuth, phosphorus, 
copper, A;c., as large as may be, but I have not 
found it sale to have less than one-ei^th of an 
inch of b^ween toem,ap4 to^ intonor 
toe experiment hafix. In order to ^ 
were, tbecore intosair,:it is icxmvei^iit to^ 
pend it in the bight or turn of a fipe^to^ 
Wire pindfig once round it, Ihh 
rise up, .and are’ made fiut to two tot 
at eqaait hawiMi but wide a|iart» «o 
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wire has a V fonru This suspeiusioh keeps the 
core pajaUd to itsetf in wery part of its mo- 
tion. 

2550. The magnet, when excited, is urged by 
an electric current from five pairs of Grove’s 
plates, and is then very powerful. When fhe 
battery is not connected with it, it still remains 
a magnet of feeble power, and when thus em- 
{doyed may be referred to as in the teMiud 
stale. If employed in the residual state, its power 
may for the time be considered constant, and 
the experimental hdix may at any moment be 
connected with the galvanometer without any 
current appearing there. But if the magnet 
employed in the excited state, certain impor- 
tant precautions are necessary; for upon con- 
necting the magnet with the battery and then 
connecting the experimental helix with the gal- 
vanometer, a current will appear at the latter, 
which will, in certain cases, continue for a min- 
ute or more, and which has the appearance of 
bemg derived at once from that of the battery. 
It is not so produced, however, but is due to 
the time occupied by the iron core in attaining 
its maximum magnetic condition (2170, 2332), 
during the whole of which it continues to act 
upon the experimental helix, producing a cur- 
rent in it. This time varies with several circum- 
stances, and in the same electro-magnet varies 
especially with the period during which the 
magnet has been out of use. When first em- 
ployed, after two or three days’ rest, it will 
amount to eighty or ninety seconds, or more. 
On breaking battery contact and immediately 
renewing it, the effect will be repeated, but oc- 
cupy only twenty or thirty seconds. On i third 
intermission and renewal of the current, it will 
appear for a still shorter period; and when the 
magnet has been used at short intervals for 
some time, it seems capable of receiving its 
ma^um power almost at once. In every ex- 
periment It is necessary to wait until the effect 
is shown by the galvanometer to be over ; other- 
^e the last remains of such an effect might be 
DMstaken for a result of polarity, or some pe- 
culiar action of the bismuth or other body un- 
^erinvesti^tion. 

265L The galvanometer emjdoyed was made 
by Ruhmkorff and was very sensible. Theneedles 
^cre strengthened in their action and rendered 
^ nearly equal that a single vibration to the 
or to the JdCt occupied from axteen to 
Wbmexperfmiefflting wMiiuch 
.^eaaebh^i^ov theptacNt of 

Perfect oommumoation jii.aU|iai!te'C^'tto 


cuit was continuidly ascertained if a fedile 
themuHdectrio pair, warmed by the fingem. 
This was done also for every position of the 
commutator, where tiie film of oxide formnd 
any part by two or three daye* rest was qoite 
sufficient to intercept a feeble current. 

2652. In order to bring the phenomena af- 
forded by magnetic and diamagnetic bodies 
into direct relation, I have not so much noted 
the currents produced in the experimental hel- 
ix, as the effects obtained at the galvanometer. 
It is to be understood, that the standard of 
deviation, as to direction, has always been tiiat 
produced by an iron wire moving in the Came 
direction at the experimental helix, and with 
the same condition of the commutator and 
connecting wires, as the piece of bismuth or 
other body whose effects were to be observed 
and compared. 

2653. A thin glass tube, of the given sise 
(2643), by % inches, was filled with a sat- 
urated solution of protosulphate of iron, and 
employed as the experimental core : the velocity 
given to the machine at this and all average 
times of experiment was such as to cause five 
or six approaches and withdrawals of the coire 
in one second; yet the solution produced no 
sensible indication at the galvanometer. A piece 
of magnetic glass tube (2354), and a core of 
foolscap paper, magnetic between the poles of 
the electro-magnet, were equally inefficient. A 
tube filled with small crystals of protosulphate 
of iron caused the needle to move about 2^, and 
cores formed out of sin^e large crystals, oar 
symmetric groups of crystals of sulphate (tf 
iron, produced the same effect. Red oxide of 
iron (colcothar) produced the least possible ef^ 
feet. Iron scales and metallic iron (the latter as 
a thin wire) produced large effects. 

2654. Whenever the needle moved, it vma 
consistent in its direction with the effect of a 
mimetic body; but m many eases witii khoWn 
magnetic bodies, the motion was little or none. 
This {nroves that such an arrangement is by W 
means so good a test of magnetic polatity a| 
the use of a or an astatic needle. Thi| 
deficiency of pamt m that respect doi^ 
terfere with Rs abUity to search into' the 
ture of the phenomena that apj^t In 
experiments of Weber, Reich aivd others. ' ' 

2656. Other metals than iron were oidW 
ployed ^d with perfect success. If tiiCQr 
magnetic, aS nicM and cobalt, tifo 
was in the same direction as for hOa. 
metsJs wemdiaiiia^efie, 
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to 6Cf or 7<r, which wae penoanentiy mistamed 
49 ;h3!m xnachine o^mtiiiued to work.. But 
ti^ 4s|toctioii was not tim greatest for the most 
dtoagaetic substances^ as bbmuth at anti-* 
jd^ony^ or phosidiorus; on the contrary^ I have 
;i3»^ b^ able to assure mysdif^ up to this time, 
;ti)8at these three bodies can pr^uoe any effect. 
!i3^ fait tiie effect has be^ proportionate to 
condactinp p^^^fer of the substance lor deo- 
tricity* Gk>ld. e^ver and copper have produced 
iaqpe deflections, lead and tm less. Platina very 
li^e. Bismuth and antimony none. 

^&6. Hence there was every reascm to be- 
lieve that the dfects were produced by the cua^ 
^ts induced in the mass of the moving metaJs, 
by any polarity of thdr particles. I pro- 
ofed therefore to test this idea by difF€S«nt 
conditions of the cores and the apparatus. 

2657. In the first place, if produced by in- 
duced currents, the great proportion of these 
vrould exist in the part of the cone near to the 
doipiiiant magnet, and but little in the more 
dk^t parts; whereas in a substance like iron, 
the pointy which the whole assumes makes 
lengtii a more important elemm&t. I therefore 
dhortendd the core of copper from 5^ inches 
(2643) to 2 inches, and found the ^ect not 
s^ibly , diminished; even when 1 inch long it 
yrae little less than before. On the contnuy, 
When afine iron wire, 5}4 inches in length, was 
used w core, its effects were strong; when the 
lepgtfa was r^u ced to 2 inches , they were greatly 
dumnished; and again, with a length of 1 mch, 
MtlU farther greatiy reduced. It is not (fifficult 
fp oonstruct a ooroof copper, with a fine iron 
in its axis, so that when above a certain 
it dmuld produce the effects of in>n^ 
that le^d^ the effects of copper. 

„ in the next place, if the effect were 
j^^ueedbynxluGedcunnntsmihen^ 

^mm woald st<^ these currents 
the effect; vdiereaaif produced by 
a ^gi^.djanaagf^^ polarity, division of the 
xsilliSB m* 

iw 4K«6atdd fiw a few <kye k 

dpite acdphu^ W adheiii« 

tii^ 

eir, lUfMal'k 

: vary tidn 

Into #;jptiia4ube (2663) 'Sad' 
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rents or not, at ideasure. fine copper wire was 
out up hito tenths of 5H indbei^ and aa many 

these assQC^ed tog^er as would form a 
compact cylinder tbre^uarters of an inch in 
diameter (2643) ; it produced no effect at the 
galvanometer. Another eo{^ core was pre- 
pared by associating together many dkcs of 
thm copper plate, tinee^uarters of an inch in 
diameter, and thk affect^ the galvanometer, 
holding its needle 25** or SCT from sero. 

2660. I tupde a sc^d helix cylinde^ three- 
quarters of an inch in diameter and ^llnehes 
long, of covered copper wire, one-sixtemth of 
an inch thick, and employed this as the mpeij- 
mental core. When &e two ends of Hu wire 
were unconnected, there was no effect^ upon 
the experimental hdix, and consequentiy none 
at the galvanometer; but when the ends were 
soldered together, the needle was well affected. 
In thefirst condition, thecurrents, which tended 
to be formed in the mass of moving metal, 
could not exist because the metal circuit was 
interrupted; in the second they could, because 
the circuit was not interrupted; and such di- 
vision as remained did not interfere to prevent 
the currents. 

2661. Ihe same results were obtained with 
other metals. A core cylinder of gold, made of 
half-sovereigns, was very powerful in its effect 
on the galvanometer. A cylinder of silver, made 
of sixpenny pieces, was very effectual; but a 
cylinder ma^ of precipitaM silver, pressed 
into a glass tube as closdy as possible, gave no 
indications of action whatever. The same re- 
sults were obtained with disc cylinders of tin 
and lead, tim effects being proportionate to the 
condition of tin and leeri as bad conductors 
(2655). 

2662. When iron was divided, effects 
were exactly the reverse in kind. It was neces- 
sary to, use a mueh-eoarser galvanoii^r and 
appmutuftfortlm purpose; but timt bring done, 
t^ employment of a solid iron core, and of an- 
other of the same sue or wri^ fcHrmed of 
lengths of fine iron wire (2652)i rifeowed tiut 
tire dhdrioU had ouusbimd im 

latter. The excriteat mcperimeoftri iMarcbu 
of Dove^ on .the etoctririty of indaetion, wffl 
rimw tluitUi.ouribttob^ ^ 

2663^ Briiu>#e«esi^ of 
nusgimtio 360^^ ofc^ nature to 

oonfiioi 

■li t s 





otovbr thetf summb, «ttd uat to euy 

polftfitT^^ «ciiR«toOBdtot m its {jeaeirikl ludaire 
(tlK>u|^ oi^need m its dkeetion) to th&t -(rf 
iron. 

2M4. In the thihl place (2656); another and 
very in^>artuit distinction in the actions of a 
diamagnetic metal may be experimentally es* 
tablished according as they may be due dther 
to a true polarity, or merely to the pres^ce of 
temporaiy induM currents^ and as for the 
consideration ol this point dmmagnetic and 
magnetic polarity are the same, the point may 
best be consider^, at present, m relaticm to 
iron. 

2665. If a core of any kind be advanced to- 
wards the dominant magnet and withdrawn 
from it by a motion of uniform velocity, then a 
complete journey, or to and /rom action, might 
be divided into four parts; the to, the dop after 
it; the from, and the atop succeeding that. If a 
core of iron make this journey, its end towards 
the dominant magnet becomes a pole, rising in 
force until at the nearest distance, and falUng 
in force until at the greatest distance. Both 
this effect and its progression inwards and out*- 
wards, cause currents to be induced in the sui^ 
rounding helix, and these currents are in one 
direction as the core advances, and in the con- 
trary direction asit recedes. In reaUty, however, 
the iron does not travel with a constant vdoc- 
ity; for, because of the communication of mo- 
tion from a revolving crank at the machine 
(2643), it, in the to part of the journey, grad- 
ually rises from a state of rest to a maximum 
velocity, whidh is half-way, and then as grad- 
ually sinks to rest again near the magnet: and 
the from part of the journey undergoes the 
same variations. Now as the maximum effect 
upon the surrounding experimental heUx de^ 
pends upon the vdodty conjointly with the 
intensity of tihe magnetic force in the of 
the core, it is evident that it wffl notoccur with 
the maximum vdboity^ which is in the middle 
of the to or /ram motion; nor at the stop nearest 
to the dominant ma^et, where the corb. end 
^ greatest force, but somewhere 

^tween,^tw:04 N«<Nuthdess, dumg then^Aofe 
of the advice) tho core will cause a ctnrent in 
the experameiitsl hdix in one (tireetion, and 
^ringthe udideof tim tooesse^' 
current 'iai tlie ether 

^^^kllfd&iuiia^netic under the 

assume also ia 


loroes'iin flhaageiiB {iltoe (2429, 2480>j tim 
^ same idiid of ^etom'toibat ^oribMtor 
iron would occur with them; the only diffemm 
being, tiiat the two currents produced wcriM 
be in the reverse direction to those produced 
by iron. ^ ‘ f 

2667. If a commutator, tfaearefore, were to bb 
arranged to gatiier up these cunmits, ejtlmr ih 
the one case or the other, and send tlmm on to 
the galvanometer in one consiistent current, it 
should change at the moments of the two 
(2665), and then would perform sudi duty per^ 
fectiy. If, on the other hand, the commutator 
should change at the times of maximum vdbor 
ity or maximum intensity, or at two 
times equidistant either from tiie one stop or 
from the other, then the parts of the op^posite 
currents intercepted between the changes woidd 
exactly neutralize each other, and no final coiv 
rent would be sent on to the galvanometer;- 

2668. Now the action of the iron &, by ex- 
periment, of this nature. If an iron wire be 
simi^y introduced or taken out of the exp^ 
ment^ helix with different conditions of the 
commutator, theresultsareexactly thosewhicb 
have been stated . If the machine be worked witiji 
an iron wire core, the commutator changing 
at the stops (2665), then the current gathm'ed 
up and sent on to the galvanometei^ is a mari* 
mum; if the commutator change at tiiemo^ 
ments of maximum velocity, or at any other 
pair of moments equidistant from the one st<^ 
'or the other, then the current at thecomm«idaii* 
tor is a minimum, or Q. 

2669. Tliere are two or three precauticm 
which are necessary , to the prodm^tion n 
pure result of this Idnd. In the first place; 
iron ought to be soft and not previousty ina 
magnetic states In the next, an effe<^ df -^ 
following kind has to be guarded against. If tiiir 
iron core be av%y from tiie dominant 

at the beginning of an experiment,, then, 
wbrkmg the machine, the gdvanometer hi > 
se^ to move in one direi^ii for aiew 
ments, and afterwards, xmtwitbstandihg'l^^^ 
continued action of the madbine, will mdra 
mid ffraduafiy take up its place at 6^. 
iron core be at its shea^t di8tmioe:fixihr.1^ 
dominant magnetrat the h^inning 
pmmenti the galvmKnneter 
move in eontinty direction to that 

took'beforsi'biit'will agrin se^' 
effects aredbe to the circumstiiiiee, tlut, wm 
the iron Is away from the domiBaat ma^ee^ 
is not in so Bfemng a ma^etic state, attd'wite 
at the nearat to it is in a 




them^ twercige tkiie^ idiidi it aoqmreB dur* 
log tbib coatinaaiioe of an and that 

in rimg or falUng to this average state, it pro- 
^hiiices two currentsin contrary diiscti(»tB, whidi 
a^einademanifestinlheexperimentsdescribed. 
These existing only for the first moments, do, 
in their effects at the galvanometer, theii ap- 
pear, producing a vibration which gradually 
passes away. 

2670. One oth^ precaution I ought to spe- 
cify. Unless the commutator changes accurately 
at the ^ven points of the journey, a little effect 
is gathered up at each change, and may give a 
permanent deflection of the needle in one di- 
rection or the other. The tongues of my com- 
mutator, being at right angles to the direction 
of motion and somewhat flexible, dragged a 
littie in tixe to and/nmi parts of the journey: in 
doing this they approximated, though only in 
a sm^ degree, to that which is the l^st condi- 
tion of the commutator for gathering up (and 
not opposing) the currents; and a deflection to 
the right or left appeared (2677). Upon dis- 
eovering the cause and stiffening the tongues 
so as to prevent thdr flexure, the effect disap- 
peared, and the iron was perfectly inactive. 

2671. Such therefore are the results with an 
iron core, and such would be the effects with a 
copper or bismuth core if they acted by a dia- 
magnetic polarity. Let us now consider what the 
consequences would be if a copper or bismuth 
core were to act by currents, induced for the 
time, in its moving mass, and of the nature of 
those suspected (2642). If the copper cylinder 
moved with uniform velocity (2666), then cur- 
rents would exist in it, paiwel to its circum- 
lei^ee, during the iKhtM time of its motion; 
and tiiese would be at their maximum force 
just befme and just after the to or inner stop, 
for then the copper would be in the most in- 
tense parts of ibe magnetic field. The rising 
cturent of the copper core for the in portion of 

would i^uce a current in one di- 
rection in the experimental helix, the stoppii^ 
of the copper and consequent falling of its cur- 
rent would produce in the experimental helix a 
current donirary to the former; the first instant 
of motion mduHwtils in coie wouU p 

maximum currtnt in it contrary to its foimer 


2672. Tbmfym currents produced in the ex^ 
perimental hefix alternate by twos, ie,, tiiose 
produced by the faUing of firak emrent in 
ike core and the rismg of tihe second and con- 
trary current, are in one direction. They occur 
at the instant before and after the stop at the 
magnet, i.e., from the moment of maximum 
current (in ike core) before, to the moment of 
maximum current after, the stop; and if that 
stop is momentary, they exist only for that 
moment, and should during that brief time be 
gathered up by the commutator. Those pro- 
duced in the experimental helix during the fail- 
ing of the «eCond current in the core the 
rising of a third current (identical wfth the 
first) in the return of the core to the 4agnet, 
are also the same in direction, and c^tinue 
from the beginning of the retreat to the ii^nd of 
the advance (or from maximum to maxinjium) 
of the core currents, i.e., for almost the whole 
of the core journey; and these, by its change at 
themaximum moments, the commutator should 
take up and send on to the galvanometer. 

2673. The motion however of the core is not 
uniform in velocity, and so, sudden in its change 
of direction, but, as before said (2665), is at a 
maximum as respects velocity in the middle of 
its approach to and retreat from the dominant 
magnet; mid hence a very important advan- 
tage. For its stop may be said to commence 
immediately after the occurrence of the maxi- 
mum velocity; and if the lines of magnetic 
force were equ^ in position and power there to 
what they are nearer to the magnet, the con- 
trary currents in the experiment^ h^x would 
commence at those points of the journey; but, 
as the core is entering into a more intense part 
of the fidid, the current in it still rises though 
the veboity diminishes, and the coni^uence 
is, that the maximum currmit in it neither oc- 
curs at the place of greatest vdocity, nor of 
greatest force, but at a point between the two. 
Iliis is true both as regards the approach and 
therecesdonof the ebre,the two maxima of the 
currents occurring at points equidistant from 
tiie place oi rest near tiie dominant magnet. 

2674. It is therefore at these two pilots that 
the commutator diouM change, if ^justed to 
produee the greatest effect at the galvenomd;^ 


(Xiiraaty arid imdtidng in the experimental 
lidSx its lidhictive restdt, bdng a current the 
same as the Idsttiime pieduced; and then, as 
iMueietreeted, would fail, mid 

;^'nb4f)ifag aaid'hy .its stop, would produce 


by the cunmts excited in the ea^>erim^w 
heUx, through the influence of, or in conned^ 
with, currents of mduction proceed in ^ 
core; and efqierimeiiit fully justifies tidti 
dudon. If the length of the jomeiey fiten w 
Mop out ti) tfcestop in, whicii is 2 tuMmi 
3MA\ be divided into lOO paMai aad t^^ 
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inaxit irngufit hemppmoA to be 
haDfd, l^etisudbiaa^ieanonas thelcdtow^ 
5Q|50, mayrein'eseBt thei^ee where the oomr 
mutator changeB^ which in this illustration 
would be midway in the to and from motimii or 
at the places of greatest vdocity. 

2675. Upon trial of various adjustments of 
the commutator I have found that from 77 123 
to 88|12, gave the best results with a copper 
core. On the whole, and after many experi- 
ments, I conclude that with the given strength 
of electro-magnet, distance of the experimental 
core when at the nearest from the magnet, 
length of the whole journey, and average veloc- 
ity of the machine, 86|14 may represent the 
points where the induced currents in the core 
are at a maximum and where the commutator 
ought to change. 

2676. From what has been said before (2667), 
it will be seen that both in theory and experi- 
ment these are the points in which the effect of 
any polarity, magnetic or diamagnetic, would 
be atoolutely nothing. Hence the power of sub- 
mitting by this machine metals and other bod- 
ies to experiment, and of eliminating the effects 
of magnetic polarity, of diamagnetic polarity, 
and of inductive action, the one from the others : 
for either by the commutator or by the direc- 
tion of the polarity, they can be separated; 
and further, they can also be combined in va- 
rious ways for the purpose of elucidating their 
joint and separate action. 

2677. For let the arrows in the diagram rep- 
resent the to and from journey, and the inter- 
sections of the lines, a, 6 or c, d, &c., the periods 
in the journey when the commutator changes 

M V 
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(in which case Cf d will correspond to 50}50, 
a®d c, / to 861 M), thto u, b will represent the 
condit^ the, commutator for the maximum 
^ect of iron or any other polar body^ If the 
hue a 6 be gradually revolv^ \mtil parallel to 
d, it wiU iujev^ position indicate points of 
eeminiitator wtudj will give the iron 

effect at galinspomoteir by a deflection of 
^ needle directicni; it hi 

^ wlMa Iho emb u lad fe^have paseid the 


points c andd, eith^ above or below, that the 
direetion of the deflectimi iwSl change 
But the line a, b li^llcates those points the 
commutator with which no effect wfll be ptOf 
duced on the gal vancnneter by the mduction of 
cwrrenU m tiie ihass of the C(^e. If the line be 
indiined in one direction, as i, it, then these cur- 
rents will produce a deflection at the galvBxr- 
ometer on one side; if it be inclined in the other 
direction, as I, m, then the deflectkm will he on 
the other side. Ther^ore the effects ef th^ in- 
duced currents may be either combined with, 
or opposed to, the effects of a polarity, whether 
it be magnetic or diamagnetic. 

2678. All the metals before mentioned (2655), 
namely, gold, silver, copper, tin, le^ platina, 
antimony and bismuth, were submitted to the 
power of the electro-magnet under the best ad- 
justment (2675) of the commutator. The effects 
were strongs than before, being now at a max- 
imum, but in the same order; as regarded anti- 
mony and bismuth, they were very small, 
amounting to not more than half a degree, and 
may very probably have been due to a remain^ 
der of irregular action in some part of the ap- 
paratus. All the experiments with the divided 
cores (2658, &c.) were repeated with the same 
results as before. Phosphorus, sulphur and gutta 
percha did not, either in this or in the former 
state of the commutator, give any indication 
of effect at the galvanometer. 

2679. As an illustration of the manner in 
which this position of the commutator caused 
a separation of the effects of copper and iron, 1 
had prepared a copper cylind^ core 2 inches 
in length having an iron wire in its axis, end 
this being employed m the apparatus gave the 
pure effect of the copper with its induced 
rents. Yet this core, as a whole, was hi|^y 
magnetic to an ordinary test-needle; and vrhm 
the two changes of the commutator were not 
equidistant from the one stop or the othi^ 
(2670, 2677), the iron effect came out powers 
fully, overruling the former smd produriag very 
strong contrary deflections at the needle. The 
platinum core which I have used is an imite4 
feet cylinder, 2 inches long and Q.^ of anhieh^ 
thick : it points magnetically between the petes 
of a horseshoe electro-magnet (2381), mal^v 
a vibration in less than a second^ but wi^^^v 
abovecondition of thecommutator (26?^) 

4!*o( deflection due to the induced ;; 

ms^oetie effect being annulled ' 

268(h SomeiirfE the 
by obisqpe position of 
were worked out in eonfinnatiop oC 
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«otuduM(HUi (3677). Wbm wMinitaitea' WM 
•0 adiusted an to oombiM aof ipolar fwirar 
-wfaaeh ttto iusmuth, as a diatnagDstio 'body, 
iid^tpQaBess,iiritoaQyo(Miduotiiiigp(nrera4u^ 
Would permit the f ormatioa of ounrebte by to* 
duettou in its maas (2676), still the oSeets were 
so mhmte end UBoertain as to oblige me to say 
that, experimentally, it is without rither pcdm 
or hiduotive action. 

2661. There is aaothw disrinetion which may 
usefully be estaUished brtween the effects of a 
tnu sustainable polarity, either magnetic or 
diamagnetic, and those of theti’aneient induced 
eurrmts dependent upon time. If we consider 
tiie resistaaoe in the drcuit, whirii indudee the 
experimental helix and the galvanometer coil, 
as nothing, then a magnetic pole of constant 
strength passed a certain distance into tlm hd- 
jx would produce the same amount of current 
decbidty in it, whether the pde were moved 
into its place by a quick or a dow motion. Or if 
toe iron core Iw us^ (2668) the same result is 
produced, provided, in any alternating action, 
the core is left long miough at the extremities 
of its journey to acquire, dtiier in its quidc or 
dow dtemation, the same state. This I found 
to be the fact when no commutator nor domi- 
nant magnet was used; a single insertion of a 
weak magnetic pde gave the same deflection, 
whether introduced quiddy or slowly; and when 
the reddual dominant nnagnet, an iron wire 
core, and (he commutator in its positkm a, b 
(2677) were used, four journeys to and from 
produced toe some effect at tiie galvamnnetm: 
when the vdodties were as 1 :6 or even as 1 :10. 

2682. When a copper,.dlver, or gdd core a 
employed in place of the iron, the effect is very 
different. There is no reason to doubt, that, as 
segards toe core itsdf, the same amount of 
elMtridty is thrown into toe form of induced 
aiieulating currents witiiin it, by a journey to 
or fton, whether timt journey is performed 
^pieUy dr slowly: the above experiment (2681) 
to tout eoo&ms such a eondusion. But the ef- 
iset whiito is produced upon the experimental 
bdto is not iHvqwrtionate to the lidiole amount 
of these eurrents, but to the maximum intmud- 
ties to wMdi to^ rise. When toe core moves 
dow^, this toteaiaitQr is amaU; when it moves 
nqpidty* it is great, and necessarily so, for toe 
SMoe ounent of dectrioify hss to travd in toe 
two dtSertog periods of time occupied by toe 
jMitiiey8.Hienoetiiflqatokj^fflomgoorctooakl 
a tor ldi!^ eifesto on tlM cxpcriinien^ 
IMiK than the slowly moving oon; and tUs 
UltoffiMoidtotiatoetoet. “ 


it0%v»nige forty End 

fma completed; tiie gtivaai^eter 

needle passed 89^ weed;. IlientiieiinAd^ 
worked with « greater rapidity^ also for lorty 
loumeyBy and the needle passed through 80* or 
more west; finally^ bring worked at a riow rate 
lor the same nuEiber of journeys, the needle 
sent, through only 21** west* The extreme veloc- 
ities in this experiment Were prdbaUy as 1:6; 
the time in the longest case was considerably 
less tiian that of one vibration of the needle 
(2651), so that I believe ail the force in the 
sbwest case was eoKected. The needb is very 
little influenced by the swing or mom^tum of 
its parts, because of the deadening of the 
copper plate beneath it, and, except to return 
to zero, moves very httiie after the mWon of 
the apparatus ceases. A silver core pmuced 
tiie same results. \ 

2684. These effects of induced currents have 
a relation to the phenomena of revulsion which 
I formerly described (2310, 2315, 2338), being 
the same in their exciting cause and principles 
of action, and so the two sets of pWomena 
confirm and illustrate each other. T^at the re- 
vulsive phenomena are produced by induced 
currents, has been shown before (2327, 2329, 
2336, 2839) ; the only difference is, that with 
them the induced currents were produced by 
exalting the force of a magnet placed at a fixed 
distance from the affected me^ ; whilst in the 
present phenomena, the force of the magnet 
does not change, but its distance frenn the piece 
of metal does. 

2685. So also the same circumstances which 
affect the ph^omena here affect the revulsive 
phenomena. A plate of metal will, as a whole, 
be well-revulsed ; but if it be divided across the 
course of the induced currents it is not then af- 
fected (2529). A ring helix of copper wire, if 
the extremities be unconnected, not exhibit 
the phenomena, but if they be connected then 
it presents thenr(2660). 

2686. On the whole, the revulsive phenmnena 

are a far bettectest and incUostion oi these cu^ 
rents timn the present effeets; Especially ad- 
vantage be tal^ of the division ol mess 
into phtee, so as , to^ be anal<^as, or rather 
miperior^ in ttirir netioa to cylmder 

doies <2850^ 8661). Platinum, prilsdhah sad 
bad toleaf or foil, if icmtor Iridid kto Squares 
haUaniriih to therii^ regu^ 

lariy tdfgOtimrt 

vtiisite veiy»vs^ 
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^ qo{^ ha^tiie re^ 
grea%B:»4ted;A 

as I Im'Veiitlresdy dK>TO, exhibits the effect 
^eU ( 2314 , 2510 ). Both it and bismuth can be 
made to give e^dence of the induced currents 
produced iu them; when tiiey are used m thin 
plates, either isn^e or associated, altiiough, to 
avoid the ihfluenoe of diamagnetic force, a 
little attention is required to the moments of 
making andhreakmg contact between the voi<- 
taie battery and the dectro-magnet. 

2687. Copper, when thus divided into plates, 
had its revu^ve phenomena raised to a degree 
that I had not before* observed. A piece of cop- 
per fdl was annealed and tarnished by heat, 
and i^en folded up into a small square block, 
half an inch in the tide and a quarter of an 
inch thick, cbntsMng 'seventy-two folds of the 
metal. This biotic was 8uiq)ended by a silk film 
as before (2248), and whilst at an angle of 30° 
or thereabouts with the equatorial line (2252), 
the electro-magnet was excited; it immediately 
advanced or turned until the angle was about 
45° or 50°, and then stood stUl. Upon the inter- 
ruption of the electric current at the magnet 
the revultion came on very strongly, and the 
block turned back again, passed the equatorial 
line, and proceeded on until it formed an angle 
of ^° or 60° on the other side; but instead of 
continuing to revolve in that direction as be- 
fore (2315) , it then returned on its course, again 
passed the equatorial tine, and almost reached 
the axial position before it stood still. In fact, 
as a mass, it vibrated to and fro about the 
equatorial tine. 

2688. Iliis however is a simple result of the 

printiples of action formerly developed (23^, 
2336). The revulsion is due to the production 
of induced currents in the suspended mass dur- 
ing the falling of the magnetism of the electro- 
magnet; and the effect of the action is to bring 
the axis of ttese induced currents parallel to 
the axis of fonse in the magnetic field. Gohse- 
quentiy, if ti^e time of the fall of magnetic 
force, ami therefore of the currents depe^ent 
thereon, be greater the time occupied by 
the reviUtiiasifof the copper block' as farM the 
eq«iatcnialrf)me» eny fuller motion d it by 
motaentiup' willbe counteracted bya contrary 
force; andVfl thin force be strong enouf^ the 
hMc wiftretitni. The cmidncting power of the 
<^per^tndiitoT,diyb^ laminae, tend to set 

up had irith extra 

whidi tiiey poss^ 


that timothvm time 
foie the fom of tbe 

to fall any further. The effect d t<m^ belli hi 
the rising and falling of power, has been me* 
ferred to on many former oeoations (2170,2660)| 
and is very beautifully seen here. 

2689. Returning to tiie subject of the ae- 
sumed polarity of bismuth, I may and ought to 
refer to an experiment made by Reich, a^ do* 
scribed by Weber, ^ which, if I understand the 
instruction aright, is as follows: a strong horse- 
shoe magnet is laid upon a table in such a posi- 
tion that tiie tine joining its two poles is pei^ 
pendicular to the magnetic meridian and to be 
considered as prolonged on one side; in that 
line, and near the magnet, is to be placed a 
small powerful magnetic n^le, suspended by 
cocoon silk, and on the other side of it, the pole 
of a bar magnet, in such a position and so neat', 
as exactly to counteract the effect of the horae^ 
shoe magnet, and leave the needle to point ex^ 
actly as if both magnets were away. Then 
a mass of bismuth being placed between the 
poles of the horseshoe magnet is said to react 
upon the small magnet needle, causing its de^ 
flection in a particular direction, and this is 
supposed to indicate the polarity of the biSr- 
muth under the circumstances, as it has no such 
action when the magnets are away. A piece Of 
iron in place of the bismuth produces &6 eonr 
trary deflection of the needle. 

2690. 1 have repeated this experiment most 
anxiously and carefully, but have never 
tained the slightest trace of action with the bos- 
muth. I have obtained action with the vem; 
but in those cases tiie action was far less than 
if the iron were applied outside between the 
horseshoe magnet and the needle, or to tfaO 
needle alone, the magnets being entirtiy away* 
On using a garnet, or a weak magnetic sttb^* 
stance of any kind, I cannot find that the ar- 
rangement is at all comparable for readiness of 
indication or delicacy, with the use of a com** 
men or an astatic and therefore 1 d4 

not understand how it oould become a test ef 
the polarity of bismuth when these fail totiiqer 
it. Still I may have made some mistake; tel 
neitixer by tiose reference to the deseriptioUi 
nor to the printiples of polar action, can 1 
cover where. ^ 

2691. There is an experiment whidh^BHMkMr 
described to me, and which at first seemitqh^ 
dicate stroni^y the polarity of btoMi tii* >a 
bar of bismuth (or phos|dioruB) be Sttspei ti M 
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laokiicmtaliy hdi^mts^^iSble^ pcdoi of tiie dbo^ 
meipiet, it wiU gp;to Ube equatorial position 
a certain force, pasring, as I have said, 
foeon stronger to weaker plaeesof action (2267). 
If i her of iron of the same sise be fixed in the 
equatorial position a little below the plain in 
which the diamagnetic bar is moving, the lat- 
ter will proceed to the equatorial position with 
much greater force than before, and this is 
eonsidered as due to the circumstance, that, on 
the ride where the iron has N polarity, the ^a- 
ma^tetic body has S polarity, and t^t on the 
other side the S polarity of the iron and the N 
polarity of the bismuth also coincide. 

2692. It is however very evident that the 
lines of magnetic force have been altered suf- 
ficiently in their intensity of direction, by the 
pteeeince of the iron, to account fully for the 
increased effect. For, consider the bar as just 
Irving the axial position and going to the 
equatorial position; at the moment of starting 
its extremities are in places of stronger mag- 
netic force than before, forit cannot be doubted 
for a moment that the iron bar determines 
more force from pole to pole of the electro- 
magnet than if it were away. On the other 
hand, when it has attained the equatorial pos- 
ition; the extremities are under a much weaker 
magnetic force than they were subject to in 
the same places before; for the iron bar deter- 
mines downwards upon itself much of that 
force, which, when it is not there, exists in the 
plane occupied by the bismuth. Hence, in pass- 
ing through 9(f , the diamagnetic is urged by 
Sr much greater difference of intensity of force 
when tile iron is present than when it is away; 
and hence, probably, the whole additional re- 
sult* The effect is l^e many others which I 
tiave referred to in magneerystallic action 
(2487-2497), and does not, I tUnk, add any- 
thmg to the experimental proof of diamagnetic 
polarity. 

2693. Finally, 1 am obliged to say that I can 

Sod eoqierimental evidence to support the 
hypothetical view of diamagnetic polarity 
(2640), eitherinmy ownesqieriments, orin 
r^tition of tiiose of Weber, Bsich, or others, 
li^ not say that sudb a polarity does not exist; 
snd l slmidd think it posrible that Weber, by 
Isr more delicate apparatus tiian mine, had 
iditained a trace of it, were it not thatithen 
riba would have certainly met with the far 
hmeepowedul produced by coi^, gdd; 

ilwsiv 4nd the better cfi»ndueting dianmgnetios. 
If Idbmtii Aosdd be fouzid to give any ^ect, 

rcfor- 


mice to tiie poritiori of timeemiinrintor, 
rion of the mass by pitiverisatioii; ihfluanoe of 
time, Ac. It appears to me also, that, as :tiie 
magnetic polarity conferred by iron or nickel 
in very small quantity, and in imfavoural^ 
states, is far more readily indicated by its ef- 
fect on an astatic needle, or by pointing be- 
tween the poles of a strong horseshoe magnet, 
than by any such arrangement as mine or Web- 
er's or Beich's, so diaiuagnetic polarity would 
be much more easily distinguished in the same 
way, and that no indication of that polarity 
has as yet reached to the force and value of 
those ah'eady given by Brugmann and myself. 

2694. So/iat present, the actions repfoaented 
or t 3 rpifi 6 d by iron, by copper and by bismuth, 
remain distinct; and their relations are only in 
part made known to us. It cannot be ^ubted 
that a larger and simpler law of actiqn than 
any we are yet acquainted with, will hereafter 
be discovered, which shall include all th^e ac- 
tions at once; and the beauty of Weber’s sug- 
gestion in this respect was the chief induce- 
ment to me to endeavour to establish it. 

2695. Though from the conriderations above 
expressed (2693) I had little hopes of any use- 
ful results, yet I thought it right to submit cer- 
tain magnecr 3 nstallic cores to the action of the 
apparatus. One core was a large group of sym- 
metrically disposed crystals of bismuth (2457) ; 
another a very large crystal of red ferroprus- 
siate of potassa; a third a crystal of calcareous 
spar; and a foiirth and fifth large crystals of 
prot^ulphate of iron. These were formed into 
cylinders of which the first and fourth had the 
magneerystallic axes (2479) parallel to the axis 
of l^e cylinder, and the second, third and fifth, 
had the equatorial direction of force (2546, 
2594, 2595) parallel to the axis of the cylinder. 
None of them gave any effect at the galva- 
nometer, except tiie fourth and fifth, and tiiese 
were alike in thrir results, and were dependent 
for them on their ordinary magnetic property. 

2696. Some of the expressions I Imve us^ 
may seem to imply that, when employing the 
coppm* and other cores, I imagine ti^ currents 
are first induced in tiiem by the dominant mag- 
net, and that these induce the currents whirii 
are observed m the experimental helix. Wheth- 
er the cores act directly cm the esqieriinentri 
hriix Of indireetly tfaro^h their fofiumiee on 
the dominant magi^, is a very intarestii^ 
question, and 1 haveftmnd it difficult 
expresrions, timu^ .I wiriied :to do/s^ 
slWd not in some degree prejudge that ques^ 
tkm« It seeans to^iae pKiba^^ thatltoeortB 
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act indiFectiy on the helix, and that their hn- 
mediate action is altogether directed towards 
the dominant magnet, which, whether they 
consistofmagneticordiamagneticmetals, raises 
them into power either permanentiy or tran* 
siently, and has their power for that time di- 
rected towards it. Before the core moves to ap- 
proach the magnet, the magnet and experi- 
mental helix are in close relation; and the lat- 
ter is situated in the intense held of magnetic 
force which belongs to the pole of the former. 
If the core be iron, as it approaches the mag- 
net it causes a strong convergence and concen- 
tration of the lines of magnetic force upon it- 
self; and these, as they so converge, passing 
through the helix and across its convolutions, 
are competent to produce the currents in it 
which are obtained (2653, 2668). As the iron 
retreats these lines of force diverge, and again 
crossing the line of the wire in the helix in a 
contrary direction to their former course, pro- 
duce a contrary current. It does not seem ne- 
cessary, in viewing the action of the iron core, 
to suppose any direct action of it on the helix, 
or any other action than this which it exerts 
upon the lines of force of the magnet. In such a 
case its action upon the helix would be indirect. 

2697. Then, by all parity of reasoning, when 
a copper core enters the helix its action upon it 
should be indirect also. For the currents which 
are produced in it are caused by the direct in- 
fluence of the magnet, and must react equivar 
lently upon it. This they do, and because of 
their direction and known action, they will 
cause the lines «of force of the magnet to di- 
verge. As the core diminishes in its velocity of 
motion, or comes to rest, the currents in it will 
cease, and then the lines of force will converge; 
and this divergence and convergence, or pas- 
sage in two directions across the wire of the 
experimental helix, is sufllicient to produce the 
two currents which are obtained in the advance 
of the core towards the dominant magnet (2671, 
2673). A corresponding effect in the contrary 
direction is produced by the retreat of the core. 

2698. Chi the idea that the actions of the 
core were not of this kind, but more directly 
upon the heKx, I interpo^ substances b^ 
tween the core and the helix during the times 
of the expeiiment. A thick copper cylinder 2.2 
inches lo^, 0.7 of an hteh external diameter, 
ftnd 0.1 (tf an inch internal diameter, and oon^ 

0.3 of an inch thick in the sides, was 
in the experimental helix, and an iron 
cose (206$) uted m the apparatus. St8i, 
whadiesaCr the kbd 


and amount of ect produced were the same 
as if the copper were away, and either glass oir 
air in its ^ce. When the donunant mai^et 
was removed and the wire core made a ma^et, 
the same msuits were produced. 

2699. Another copper lining, being a cylin^ 
der 2.5 inches long, 1 inch in externd diame* 
ter, and one-eighth of an inch in thickness, was 
placed in the experimental helix, and cores of 
silver and copper five-eighths of an inch in 
thickness, employed as l^ore, with tibe best, 
condition of the commutator (2675): the 
fects, with and without the copper, or with and 
without the glass, were absolutely tiie same 
(2698). 

2700. There can be no doubt that the copper 
lining, when in place, were full of currents at 
the time of action, and that when away no 
such currents would exist in the air or gla^ re- 
placing them. There is also full reason to nA*- 
mit, that the divergence and convergence of tiie 
magnetic lines of force supposed above (2697) 
would satisfactorily account for sudi currents 
in them, supposing the indirect action of the 
cores were assumed. If that supposition be re- 
jected, then it seems to me that the whole of 
the bodies present, the magnet, the helix, the 
core, the copper lining, or the air or glass which 
replaces it, must all be in a state of tension, 
each part acting on every other part, being in 
what I have occasionally elsewhere imagined 
as the electro-tonic state (1729). 

2701. The advance of the copp^ makes the 
lines of magnetic force diverge, or, so to say, 
drives them brfore it (2607). No doubt tiiereis 
reaction upon the advancing copper, and tlm 
production of currents in it in such a direction 
as makes them competent, if continued, to con* 
tinue the divergence. But it do^ n(^ seem log^ 
ical to say that the currents which the liiM ^ 
force cause in the copper, are the cause of the 
divergence of the lin^ of force. It seems to 
rather, that the lines of force are, so to say, 
diverged, or bent outward by the advanemg 
copper (or by a connected wire moving aeioss 
lines of force in any other form of the experi** 
ments). and that tiie reaction of the Uxm ol 
force upon the forces in the particles of 
oc^per cause them to be resdved into a 
rent, by which tbt resistance is disdiarg^ a^ 
remov^, and the line of force returns to ijto 
place. 1 attach no oth^ meaning to 

line ej f&w tium that which 1 hhve given on n 
former oMuaion (2149)- ' ’ ^ 

Boyol Dec, 14, 18W 
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§ 30^ On the. PomJtHe R^idh of GraeUy to EUctriciiif 

Bjbceited AtTOver 1, Reas Novsiobeb 28, 18S0 


2702. ’Lm bn; and constant persuaskm that 
afl this forces of nature are mutually > depend- 
ent, 'hining one cmnmon origin, or rather he- 
i^iSierent maUifoataitions of one fundamental 
power (2146), has made me often think upon 
the poaaibihty ai estaUiBhing, by experiment, 
n dmmexbn between gravity and electricity, 
and ao mtroducing the former into the group, 
ilteehain cd which, induding also magnetism, 
elemicai force and heat, bbds so many and 
su^ varied exhibitions of force together by 
cbmmon relations. Though the researches I 
hime made witii tiia object in view have pro- 
dUiced only negative results, yet I think a i^ort 
statement of the matter, as it bus presented it- 
self to my mind, and of the result of the exp^ 
fflimts, whidh offering at first much to encour- 
age, were oidy reda<^ to tiieir true value by 
mort oarefid searchings after sources of error, 
may be useful, both as a gmeral statement of 
the problem, and as awakauiog the minds of 
others to its consideration. 

'■;2703. in seardungforsome principle on vdiich 
aa ■e]q>erimental inquiry aftw tite identifica- 
tfon or relation cS the two forces could be 


feiunded, it seemed tiiat if such a relation ex- 
istedi tiiere must be something in gravity whidi 
wpuld oorrefgKmd to the dual or antithriiioBi 
mdoteof the fonns of fonee in deetricity and 
teagnatww. To my mind it ai^eared possiMe 
ceding to tiie force or the approadi of 
, Ipiivifoting bo^es on tiie<mehand, and the ef- 
iMtual reverHOB .of the force or separation of 
bodieB <10 tire other, mi(^ present ti>e 
d'Ciwre^poBdonoe; qmesemice (as toms* 
<lri^'bclh^|timjBe«itial mmdition. Tim final un- 
iMii^ieial^ not seem affected 

iriii44a for tito ftctii^ bodfies 

wdumatnest wchldevnr haveihe same relation 
oefy beatthe tunes 
vililantiianito and ifoo thgt any resutta related to 
deetrioKy coqld be OJ^eaked. Sudi results, if 

iMit, 

i.e,,’'if ootdil'exa#' 

lAate^Meig SVameMdem, 1801, p. 1. The Ite- 
klaomte;' 


gerate the value of tiie rdati<m they wouldee- 
tablish. 

2704. The thou^t on which the«q)eriment8 
were founded was. timt as two bodies moved 
towards ehdfi other by the force of mvity, 
currOntsof dectrioity mqdit be devdoi^dther 
in them or in the surrounding matter inWe di- 
rection; and that as they wme by extra force 
moved from each other against the pofer of 
gravitation, the oppodte currentsm^ht He {uo- 
duced. Also, that these currents would have re- 
lation to the line of approach and recession, 
and not to space genmally, so that two bodies 
approaching would have currents in the op- 
posite directimt as to space generally, but the 
same as to the direction of thdr motion along 
the line joining them. It will be unnecessary to 
go further into the suppositions which arose 
concerning these points, or regarding the affect 
of forced moticms dther comciding with, or 
across tbe.direetion of the earth’s gravitation, 
and many other matters, than to say that as 
the effect looked for was exceedin^y small so 
no hope was entertained of any result except 
by means'of the gravitation of the earth. The 
euth was tberef<»e made to be the one body, 
and the indicating mass of matter to be expoi- 
mented with the other. 

2705. First of all, a body, whirii was to be 
allowed to fril, was surrounded by a helix, and 
then its effect in fsHing sought for. Now a body 
may edtiber M with a hriix or through ahribc. 
Covered copper wire, to the amount oi 350 
feet in length era made into a hollow ^fin- 
dffoai helix,.adio^.4 indies long, its iutemal 
dfometeribeing I keb and its extenud ^ane- 
ter 2 mebea.. It was attadied to.a bne^mni^g 

sqxm an. easjr pidfoy, so tiiatt it cieuld'be raised 

S6 fe^ apd timi to foil with, an ^ 
edterat^ velodfyofftoa vtery solteoahioa, iti 
aids reanining voiieid the whole time. I>ong 
ooverod wheae. uwemadB fost' te-ite.-IMe'SK' 
tiemitfoB, anditiuee befog foridtedeoiiad each 
otimr,.wera sIlBdmd.to* 
fafoundfor, {j^needabecit 60 lBntiridefoM9>tiw 
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couraer. ot the oonnexion mi the 

direction of the set of the needle, were then 
bothi^rtaSn^ theintro^ of aleeble 
thermo-^^^ctrie cmbii^on into the current. 
Such a faelu^ dither in rising or fallmg^cah pro- 
duce up deviation at the g^vanometer by any 
current <|ue to.the m^etism of the earth; for 
as it rPipains paralldi to itself during the fall, 
so the lines of equal magnetic force, which be- 
ing parallel to the dip^ are intersected by the 
wire convolutions of the descending helix, are 
cut with en equal velocity on both sides of the 
helix, and consequently no effect of magneto- 
electric induction is prefaced. Neither in rising 
nor in falling did this helix present any trace of 
action at the galvanometer; whether the con- 
nection with the galvanometer was continued 
the whole time, or whether it was cut off just 
before the diminution or cessation of motion 
either way, or whether the rising and the fall- 
ing were made to occur isochronously with the 
times of vibration of the galvanometer needle. 
So, though no effect of gravity appeared in the 
helix itsdf, still no source of error appeared to 
arise in this mode of using it. 

2706. A solid cylinder of copper, three-fourths 
of an inch in dimneter,and 7 inches in length, 
was now mtroduced into the helix and care- 
fully fastened in it, being bound round with a 
doth so as not to move, and this compound 
arrangement waaallowed to fall as before (2705). 
It gave very minute but remarkably regular 
indications of a current at the galvanometer; 
and the probability of these being related to 
gravity appeared the greater, when it was found 
that on reusing the helix pr core, similar indica- 
tions of contrary currents appeared* It was 
some time before 1 was able tp,^^r these cur- 
rents to thdbr true cause, but ^t, last I traced 
them to the action of a part of tbe c^mneciting 
wires proceeding from the helix to tl^e galvanom- 
eter. Ttm two v^ires had been regularly twisted 
tog6th^,.!mtthe€ffectof hadopened 

a part pear the middle distance into, a sort of 
lo^f so that the instead of bdng tightly 
twisted to^h^ like the strands of a rop^, were 
separatisicu; 3 leeti as. if the strands were open. 
In ^ more or iessp 

but ahi^ in t^;^ena«yinen* and.ti^ 
quen^ the of it ^pris^^i^ting the 

was farth^t Um 
the g^v^meter^ traveled ^ si^ 

Ae ipl* 

^ flSeoli the inagDf«^ liDu «f 
W* thflh h^Teheen 
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have beea produee4;«eU me, ounente ja^ipr- 
poaite directions, but of unequal amquHbs^ 
force, tended to he pr^uced, and a cuiii^ 
equal to the dififerenee actually appearedjSucIi 
a case is described in cqy eariieat reeearohes on 
terrestrial magno-dectro induction (171)..Itii 
evident that the current should appear in ^ 
reverse direction, as tiie v^isee ai« 

rused hi the air, and, thus arose ihe reverse ^ 
feet described above. Thmefbip iu> po^ve-cr 
favourable evidwee was auiqdied in fhvoqr 
the original assumption by iisq(^,a 

core in the helix. , , , . , , 

2707. The cof^ was sdected as a heiat^ 
body and an excdlent oonduotor of deotriei^. 
On its dismissal, a bismuth c^inder df equal 
size was employed to replace it as a sublimes 
eminentiy diamagnetic, and a bad conductor 
amongst metals. Uncertun evidence arose; but 
by close attention, first to <me pdnt and th^ 
to another, all the indications dtisappeared,.4Ui4 
then the rising or falling of the Honuth pppr 
duoed no effect on the galvanometer.. 

2708. An iron cylinder was also cmploj^SS 
a magnetic metal, but when made perfe^y se* 
cure, so as to pirevent any motion idative to 
the helix, it was equally indifferent wito tito 
copper «md bismuth ^06, 2707). 

27()0. Cylinders of glass and diellac wqre mh* 
ployed as non-oonducting substances, butwhf^ 
out effect, . , • 

2710. In other experiments the helix wxs 

fixed, and the different substances in the lorm 
of cylinders, three-fourtos of;an mdim.diamjBr 
ter and 24 indies long, were dropped tbrouf^ 
it, or else rased throu^ it wito anaoodeml^ 
vdocity; but in.ndther .caw was.gpy cmct; 
prodUim^. Bods of copper, bismuth, . 

lac tmd su^bur were em^oy^ PcceHorm%, 
these rods w«w made to rot^ rt^ly 

and during thdr , a^ ma^ ot^er ec^w 
tions devisedaml cqrrkd into eSeet*. 
always watji r^gat^.xesuBB, wh^ Boanefjp 
error werae^roideimatotHmtedfm^ 

2711. On.furUiBr eemriid^tion of tMciii^i^ 
assumprion,. namely a rdation between,, t^ 
forces, an4 of efihets that mig^ t bo loqi^ 
for cemsequeoh upon a condition of teDcioii. % 
and armmd tiw psriaclcB of the body, whid^sif 
we knovr, are at the saeqe moment the racndwiqf 

of boto jfpa^^tiag ai4 dectric forces, sajid jtge 
subjeetto t^egravkatmnof ths,eactl^.iteeauM(l 
prolmUfrthat tibe Stopmngof tl|e eqieMiibom 
motkm (^^.2704) mtheliae.oi[«npltr 
produce coobnuiy effeeteto tlm MrojmS;flP pf 
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Ums dtofi^p!^ waa audd^ or 
gtiaduii; alfio that a Biotion 
do«mwa^ quicker than that 
iMtk gravity could communi- 
oat^v^uld^vemoreeSectthan 
Ihe gravity result by itself, and J 
^t a corresponding increase ^ 
in the velocity upwards would 
ba proportionally effectuah In 
BUf^case a machine which could 
give a rapid alternating up and 
down motion, might be very 
useful in producing many mi- 
nute units of inductive action 
in a small space and moderate 
time; for then, by proper com- 
mutators, the accelerated and 
nStafded parts of each half-vi- 
bration could be separated and 
recombined into one consistent 
current, and this current could be sent through 
the galvanometer during the time its needle 
was swinging in one direction, and afterwards 
reversed for the time of a swing in the other 
direction; and so on alternately until the effect 
bad become sensible, if any were produced by 
the assumed cause. 

2712. The machine which I had made for 
tiffs purpose is that described in the last series 
of these Researdus (2643), the electro-magnet, 
the experimental core and the rod which car- 
ried them being removed: a, 6, c frame-board; 
djd,d wooden lever, of which e is the axis; / the 
craiff^-wbedi, and g the great wheel with its 
handle h; i the ^r connecting the crank-wheel 
and lever; q the galvanometer ; r the commuta- 
tor; w, connecting wires; s, 9 springs of brass or 
copper; t a copper rod connecting the two arms 
the lever to give strength; u the hollow helix 
Skedi or moveable at pleasure. The plan is to a 
ieale of one-fifteenth. Bring on a moveable 
frame, it could be placed in any position. The 
of metal or other subs^ce to be sub- 
mitted to its acrion, was 5^ inches long ^d 
tttmie-fouriihs of an mrii in diameter, and was 
held between the ends d. d of the lever 
The extent of the ritemating motion was 
9 A holldw pylixidricri hriix it, in- 
ribes jm length, and of riidli intemat diameter 
Hmt' ^ empl cmnplete their rapid 

Jdmps^irBtqairi 

its MeSf was conducted, 
feet cd soldered copper wire; 
ilpj^&dri^^ecmld be either fixed immovealffy 
P' finriy to (he cylinder under ex* 


periment so as to move with it. The wires from 
this helix passed to the commutators and from 
them to the galvanometer. Part of the momen- 
tum of this machine was taken up by springs s, 
8 (2648), and converted into the contrary mo- 
tion; but so much remained undisposed of thus, 
that great care was required in fixing and strut- 
ting to render the action of the whole very 
steady, or else derangement quickly occurred 
at the cylinder and helix, and electro-currents 
were frequently produced. 

2713. The employment of cylinders of iron, 
copper and other substances in this machine 
was competent to produce electro-currents in 
various ways. Thus, iron might produce mag- 
neto-riectric currents consequent upon its polar 
condition under the influence of the earth; 
tiiese it would be easy to detect and separate 
hy the use of adjusted magnets, which should 
neutralise or reverse the lines of magnetic force 
passing through the iron. Currents like those 
induct in copper cylinders and good conduc- 
tors (2663, 2^),-Hmight be produced by the 
earth’s action; tmt as the lines of gravitating 
force and of terrestrial magnetic force are in- 
clined to each other, these might be separated 
by position; and it appeared that was no 
source of errdr thht might not By care beriim- 
inated. I wffl not c^dcupy ihne by ddsm^ing 
bow this long tesson of cari^ was leriusd, bdt 
pass at <mee to tiie chief x*esult8. 

2714. The copper i^ltndor (27^ 
in the marine, and hriix Sxed 

ably around it, the whole being in surii a po^ 
rion that tbs cjdiiider dxould be verticri, 
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jnov^ 4cKfm Ibd line of 

graviti^ing fofQe witlim tiie helix. However 
rapidly the, maetuae wae worked, or whatever 
tiie position, of the commutator, there was 
no reeolt at the galvanometer. Cylimlers of 
bismuth, glass, sulphur, guttapercha# &c., were 
also emplosred, but with the same negative 
con<dusioii« 

2715. Then the helix was taken from its fixed 
support and fastened <m to the copper cylinder 
so as to move with it, and now very regular 
and comparatively large effects were produced. 
After a while, however, these were traced to 
causes other ^an gravity, and of the following 
kind* The helix was fixed at one end of a lever, 
at a point 22 inches from its axis, and bdng 2 
inches in diameter its wires on one side were 
only 21 inches, and on the other side 23 inches 
from this axis. Hence, in vibrating these parts 
travelled with velocities and through spaces 
which are as 21:23. When therefore their paths 
were across the lines of magnetic force of the 
earth, electro-currents tended to form in these 
different parts proportionate in amount or 
strength to these numbers; and the differences 
of th^ currents being continually gathered up 
by the commutators, were made sensible at the 
galvanometer. This was rendered manifest by 
placing the machine so that though the plane 
of vibration was still vertical the place of the 
helix was just under the centre of motion, and 
the central line of the helix therefore, instead 


of b^ NpirlftpeiCMif 

volutions of the hc^ .out ^ fines of magn^ 
force in the most WpuraiUe manner; thp 
consequence was that ^tbe commutators were 
not r^uired, for a single motitm of thehefixfu 
one dimction was suf^ent to show at itm get 
vanomet^ the magneto-electric currents inr 
duced. If, on the contrary, the plane of motim^ 
was made horizontal, then no current was pro- 
duced by any amount of motion; for thouj^ 
the helix was as horizontal as, and not sensibly 
more so than before, yet the parts of the conr 
volutions which intersected the magnetic lines 
of force (being the upper and the lower parts) 
now moved with exactly equal velocity, and 
no differential result was produced. 

2716. The former small result (2715) was 
therefore probably dependent upon an effect 
of this kind; and this was confirmed by placing 
the machine in such a position that the axis of 
the moving copper cylinder and helix should in 
its medium position be parallel to the line of 
the dip, and then no effect was produced. Other 
bodies in the same position were equally un- 
able to produce any effect. 

2717. Here end my trials for the present. Tho 
results are negative. They do not shake my 
strong feeling of the existence of a relation b^ 
tween gravity and electricity, though they give 
no proof that such a relation exists. 

Royal Instilvlionf July 19, 1850 
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§ 81 . On tile Magnetic and Diamagndic Condition of Bodies ^ i. 
Non-oxpansion of Gaseous Bodies by Magnetic Force ^ ii. Dijfer- 
entied Magnetic Action If iii. Magnetic Charckters tf Otygen, Ni- 
trogen and Space 
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f i. Nonoxpamiim of Gaseeua Bodies by 
iiagneUcFeree.: . 

2718. Tffiims can be no doubt that tbe 
Betio hnoci thedianMenetio force, and tto mag> 
or magneo^rstidlte {(«ce, viU, when 
iiadMBtood, be found to unite or 
^tttflder om t&moi power, imd be eseen- 
'IfoUp.tiM Benoetiief#eet fotereetwUdi 

Bnsta 8^ltodimfopme»t otsgxycmdt ^^eee 
wodee of action; for differfogso greatly as pkesy 
IjjWe yilWwt -a ^o a i oa Waii *, IWd, p. 7. 


do in very peetdfor pointB, it ie hardly poseiM 
tiiat any one of titem tdbould be advane^foifo 
illustration or emupr^ention, without a 
reqxmding advance in the knowledge of ^ 
others. Stioanlated by snob a fetiing, 2 baoe 
been »gaged with Flicker, Weber, Bdcb soul 
otbos, inendeavottiing to make out, witit earn 
degree ed ptetiuon, the mode of action of ^a> 
ma^stin JM. weU «8 nuMpteori^atoUfo 
wd the recent investigation (2f^ <kel| 4^ 
oideavonr to cmrfiim the i^ in 







liilMXittttL Audi bodteti) tii6 rovotiiB 

td ttist ia 6 magtietor iair^n bodies, was one 
of the results of that conviction and desire. 

' '271&. Saving failed homver to establish the 
existenioe of such an antipolarity, and having 
rinm, as I think, that the phenomena which 
were supposed to be due to it are in fact de» 
petnd’^t upon other conditions and causes, I 
was induct, in the search after something pre- 
cise as to the nature of diamagnetic bodies, to 
examine another idea which had arisen in con- 
sequence of the development of magnetic and 
diamagnetic phenomena amongst gaseous sub- 
stances: this thought, with some of ihe results 
Whidh have grown out of it during its experi- 
mental examination, I puipose making the sub- 
feet of the present paper. 

2720. Bancalari ^t showed that flame was 


''’S&magnetio.^ The effect, as I proved, was due 
dhteffy to the heated state of gaseous portions 
of tihe flame;* but besides that, it appeared that 
at common temperatures diamagnetic phenom- 
ena could be exhibited by gases; and also that 
in th^ production the gases differed very much 
one from another;* so that, taking common air, 
for instance, as a standard, nitrogen, and many 
other gases, were strongly diamagnetic in re- 
lation to it, whilst oxygen took on the appear- 
ance of a magnetic body; for they were retailed 
from, while it was attracted to, the place of 
maximum force in the magnetic field. 

2721. Becalling the general law given re- 
specting the action of magnetic and diamag- 
netic bodies (2267, 2418), namely, that the for- 
mer tended to go from we^er to stronger idaces, 
and the latter from stronj^r to weaker places 
of magnetic power, and applying it to such 
bodies as the gases, which are at the same time 
both highly elastic and easily changed in bulk 
by Ihe impeiaddition of very small degrees of 
it would seem to follow, that if the par- 
tides of a diamagnetic gas tended to go from 
Strong to weak places of action, in consequence 
cl tbs direct and immediate effect of the mag- 
netic power on them, then such a gas should 
tsod to bbmne enlarged or expanded in the 
maepcuatie fldd« For, the amount of power by 
the paitideB wonld tend to recede from 
the aads of the magnetie fidd, wocdd be added 
to the expamive force by which they before re- 
lurted tlte pressure of the atmosj^ere; Hmt 
ptomm would therafere be in pait sustained 
bydhe new force, and expansioti would of ne- 



eessity be the reShlti On the etbsi^ haMl^ If a 
gas were magnetic (as for insiahcs oxygen), 
then the force cast upon the partidel, l^eueh 
a direct and immediate action of the tna^sxetic 
power upon them, would Urge them fowortb 
the axis of the magnetic field, and so coinciding 
with, and being superadded to the pressure of 
the atmosphere, would tend to cause contrac- 
tion and diminution of bulk. 

2722. If such supposititious cases were to 
prove true, we should then be able to arrive at 
the knowledge of the real zero-point (2416, 
2432, 2440),* not amongst gases only, but 
amongst all bodies, and should be ebh to tell 
whether such a gas as oxygen were a r^gnetic 
or a diamagnetic body, and also able fo range 
individual gases and other substances In their 
proper places. And though I had originally en- 
deavoured to ascertain Aether there any 
change in the bulk of air in the magnetic field, 
and found none, still PlUcker’s Statement that 
he had obtained such an effect,* and the great 
enlargement of knowledge respecting the gasen 
which since then we have acquired relating to 
their diamagnetic relations, and espemally of 
the great difference which exists between them, 
encouraged me to proceed. 

2723. Ifirst endeavoured to determine wheth- 
€fr there was any affection of the layer of air (or 
other gas) immediately in contact with the 
magnetic pole, which, either by the consequent 
expansion or contraction of that layor, could 
render it able to affect the course of a ray of 
Ught and thus make manifest the changes oc- 
curring within. A metal screen, with a pin-hole 
in it, was set up before the flame of a bright 
lamp in a dark room, and thus an artificial stai 
or small definite luminous object was formed. 
Forty-six feet from it was placed the g^i 
horseshoe ma^et (2247), re^y to be excited 
by twenty pairs of Grove’s plates; the poles 
were in a line, so that the ray from the lamp 
passed for 4 inches dose to the surface of the 
first pole, then through 6 inches of air, and then, 
for 4 inches, elose to the surface of tho second 
pole. A very fine refracting telesdope, belong- 
ing to ffir James South, having an apeitiire of 
S inches and 46 iaoheB food length, teodved 
the my. The tdescope wse fiunfohed with a 
perfect micromel;^, so that the smallest change 
m the place cl the himinous image 

served on the threads. The aids of the tetesoope 
was just above tiie levelof «tt» magnetie poles. 





Kot 

or place isf tte lnminottB image coidd be ob- 
served, eitber on tbe maidag or the bifeddng 
of tike contact between the voltaic baitterjr and 
the magnetic wire. 

2724. Ab tike cdkM part of the wUdi 
came to the ttieec^ concdeted of rays wluch 
passed at some distance above the xsoagnetie 
poles, thm wm cut ofi b]r a screen, whi^ ris- 
ing only (me-ei^th of an inch above the level 
of the poles, allowed no ray to pass that was 
not within that distance. Ihe intensity of the 
light was of course diminished, and the image 
was distorted by inflection; still its place was 
well marked by the micrometer. Not theslight- 
est change in that or any other character oc- 
curred in the supervention or the withdrawal 
of the magnetic force. 

2725. l^e terminals of the magnetic poles 
were then varied, so that the ray sometimes 
passed parallel and close to a long right-angled 
edge, or paraUel to and between two right- 
angled edges, a little above or below them, or 
over the line joining two hemispherical poles, 
placed close together (and also in many other 
ways), but in no case did the magnetic acticm 
prepuce any effect upon the course of the ray. 

2726. In another form of the experiment the 
telescope was dismissed, andasimple card, with 
apin-hole Hoth or Hootii of an inch in diameter, 
employed in its place. Hie image of the star of 
light could be seen through the pin-hole in the 
dark room, and yet every ray tending to its 


in its refi^ve tede. 

2722. In order to compass tile expected ra* 
suit witii the real result due to chai^ vol- 
ume, I took a bar of iron 7 inches long, and^ 
plac^ it sotiiat the rdy from the luminous ^ 
jeot in passing to the esrstimuld proceed by the 
side of the bar at notmore than Xoth of an inch 
from it, and then rafred tdbe temperature of the 
bar gr^ually, until by expanc^ the air in 
contact with it, the course of the ray of light 
was sensibly affected; to do this it required to 
be exalted many degrees. When the air of tiie 
place was at 60^ the iron raised to 100^ 
Fahr., the effect was not distinct. Hence it 
seem^, that observation of theexpected change 
of volume of the air would be rendered far 


more sensible by some arrangement, measuring 
that change directly, than by sutii means as 
those referred to atove, dependent on refrao* 
tive force; for it is certain that the change of 
volume, in a very small quantity of air, raised 
from to ICXf, would be veryevident by tibe 
former method. On the other hand, it was just 
pos&dble that if the air or gas was affected by 
the magnet, it might only be in that film im- 
mediatdy contiguous to the pole; and also that 
great differences in the degree of change mii^t 
exbt along the edge of a solid angle, and along 
the sides of the planes forming that ang^e. 
Hence the assumed necessity for examining 
those parts by a ray of light; and every pre- 
caution was taken, by inclining the course of 


formation passed within Hoth of an indi of the 
surface of the magnetic pole; still no effect due 
to the magnetic force could be observed. 

2727. By another arrangement of the pdsff 
terminations, analogous to one I had formerly 
employed when experimenting on tiie diamag- 
netic rtiations of the gai^^ 1 was able to sui^ 


the ray a little more or less to the sides or edges 
of the poles, and by making the sides or ed^ 
very slightly convex, to include every varia- 
tion of the experiment, that might help to make 
any magnetic or diamagnetic effect, whether 
special or local, or gener^t manifest; but with- 
out effect. 


round ^em with other gaseous substances than 
air, and sbbject the ray for 2 inches of its course 
to these whifat under the influence of the 
magnet. ^ou£^ tiie ^lass of the enriosing ves- 
^ disturbed &e image df the object, i«e. the 
point of iiirikt, yet it was eaey to jpercrive that 
no additii^ effect ooeurred when the 
imtism v^as snpe^ 

^28. Oxygen, nitrogen, hydrb^ and coal- 
m wm tto Imt wilder any ene 

of thete, or ^hetii^afr itSetf was submittfri to 
exammatien, e^en in contact with the active 
pole of it efid not a^^ 

pete 4» % to 


2730. I proceeded, as these attempts had 
failed, to endeavour to determine sad OQmpsra 
the voium of air mibjeeted to tiie ma^^iei^ 
force, before and after Has subjection; and tinira 
seemed to be tiie greater hope of obtidning 
some leeulta in ^ wuy, provided any anch 
eha^ was a (K^mpienee of the action mai^ 
netic power, beeause air and gase^ at a oOBlIdi 
erable distbnee horn the surface of ti>e 
net, known to be Btroo(^ afifectod dfai^ 
netieaUy, and because PUlKiker had alfeoi^sm 
he had obtained 8U(di change of vtduinA 
2731.1lMfii«tin8ti«imento(»8tineit4dlDvti^ 
puitioee was of the foQowit^t liad. Tiiv bld^ 
of aoft iron, eaoh 1 inch thick iumI 9 Mhtif 
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hming filed aad flattened eurfaeeB, 
were prepi^ed; and also a dieetof copper» ^tthi 
^ an in tUoknen and 3 indies ecmiiae, 
hkidns its middle part eut away to within 0.3 
^ sm inch of the edge all round. Hiis plate or 
fidune was then idaced between the iron blocks, 
and tibe whole held together very l^tly by 
copper screws, so as to make an air-chamh^ 
of an inch wide and ,2.4 inches square, 
having the faces of the blocks, which were to 
become the magnetic poles, for its sides. Three 
apertures and corresponding passages gave ac* 
eess to the interior of this chamber; small stop- 
cocks were attached to each. By two of these, 
any gas, aft^ it had been properly dried, could 
be sent into the chamber, or swept out of it, by 
asi^ other entering gas; and to the third was 
attached a gauge (2732) for the purpose of in- 
meadng and measuring any change of volume 
which might occur. The edges of the central 
copper plate and the heads of the countersunk 
screws, were touched with white hard varnish, 
and the chamber thus rendered perfectly tight, 
undm: every condition to which it had to be 
subjected (Fig, 1), 



.2732. The gauges were formed of small cap- 
iUaiy tubes from 1.5 to 3 inches in length, the 
diameter in the middle of their length being 
less than onc*half of that at either termination. 
These were fixed at one end into a small socket, 
which screwed on to the third, or gauge-cock 



Fig. 2 


ipcntioned above (2731). A minute portion of 
spii^^ edioored by cochineal^ being put into 
e^mal end of thU gauge» from a slip of 
wiepd or glass, immediately adyanced to tiae 
imd^e or narrowest forming, as it always 

dimuU do^ portion of .fii|id« By shutting 

this littteeybnder could beeasDy.ra^ 
Ipdiiedia itspla^ dun^^ei^lii^ 

if jli^jaii«t^^ wjUib gasi and ^ adjupt- 
pressor to equity with that of 
shutting other cocks 


and epehing the gango-ood^ the gauge, was 
then ready to diow any change of vohnne 
which tiie supervention of the magnetic ferce 
ikus^, cause; but to give it the hipest degree 
of sensibility, it was necessary previously tc 
make the liquid cylinder travd right and left 
of its {dace of rest, that the might 
moistened on each side of the indicating fluid; 
an effect easily obtained by inclining the cham- 
ber to and fro, the gravity of the fluid making 
it pass one way or the other. But this and many 
other necessary precautionsas to position, tem- 
perature, &e., can only be learned from expe^ 
rience. • / 

2733. When this box was in its.place,(it stood 
between the poles of the great electro-magnet, 
With the plane of the gas-chamber in tnb equa^ 
torial position; then square blocks of soft iron, 
resting on the magnet poles, were made w abut 
and bear against the sides of the box, sV that 
in fact the inner faces of the air-chamber were 
the virtual magnetic poles, and being 3 inches 
square were only ^oth of an inch apart. Hence, 
whatever air or gas was within the chamber, 
would be subjected to a very powerful mag- 
netic action, and could have very small changes 
in its bulk measured; but it is perhaps neces- 
sary to observe that it would be contained in a 
field having everywhere lines of equal mag- 
netic power (2463, 2465). 

2734. Air was introduced into the box, and 

when all was properly arranged, the place of 
the indicating fluid was observed by a micro- 
scope. Then the magnet was rendered power- 
fully active, and there appeared a very slight 
motion of the fluid, as if the air were a little 
panded; on taking off the magnetic force the 
fluid returned to its first place. The same effect 
recurred again and again. The amount of this 
change was very small, and there was reason to 
rder it to the pressure ex^cised by the mag* 
net, when in action, upon the sides of the irm 
box; for afterwards, when the box was placed 
in a vice and squeezed, the same motion in the 
fluid occurred; and further, when the square 
blocks of soft iron (2733) were k^t apart by 
an undm* block of wood, so as not absoluti# ^ 
touch and press the box, the effect was redvL<3^ 
to almost notiiing. « ^ ^ 

2735. Oi^ygmf nitiogen, carbonic add and 
nitrous oxide gaaesv were then introduced 
ceadvdy into the iron box, and with, exactly 
the same result ae with; sir* Nq difference ^ 
peered between oi^ygen and the oihm* 




mm^m^asTY , 

gaii;were al9Q.mihieet04 -exj^eiteeiit^ !%ttt ^4iiiu^utiim:Q{itBl6iig&>^^ 
wl^n tbesOjgi^'Wjere in ^ of .&6 ^^go (27^)i aiii^ thAt jh^ ^M^-Sjpn«ia<y 

grp4ual reoeBsipa of mdicatiog fluids duo, phenomena ymHA be aMndantly produeedln 
ftsJfpmd,tQtheabBorptionof thegaseB,prob- the parte from whence fibe iron h^ been xe- 
ably oither by the yamiah or cement or cork moved* The latter was found to be. the fact, fo r 
used at the gauge, or at the joints of the box. fimne, smoke, bismuth and other 
The delicacy of the gauge was thus made man- matter, when placed there, passed equatorially 
ifest; but when the effect was taken into ac- very freely* 

count, it was found that these gases were equal- 2739. A copper tube, 2«5 inches ln<*g , miuie 
ly un^ected in bulk as the other gases by the of metal 0.1 of an inch thick, Was fitted to the 
magnetic influence. iron, so that when in its place it should occupy 

2736. The diameter of the gauge, at the place the position represented (Fig: S), atirf could 
where tiie fluid was placed, was rather less easily be made , perfectly gas-tight by a iittie 
than Hooth of an inch. An amount of motion soft cement. In this way it formed an 

equal to Hooth of an inch was easily discerned, air-chamber round the iron, which, when meas- 
Comparing these numbers with the capacity of ured, was found to have a capacity of rather 
the gas-chamber, it would appear that if the more than 2 cubic inches, and included the 
gas in the latter had expanded or contracted to most mtense part of the magnetic field. Three 
the extent of Hoo,oooth part, the result would stopcocks were fitted into this copper jadcet, 
have been visible; or any difference approach- by two of which gas was passed into and out of 
ing to this amount, between oxygen and nitro- the chamber, and the third was appropriated 
genortheothergases,wouldhavebecomesen8i- to the pressure-gauge as before. Whilst naked, 
ble, hvt no avck effects or differences appeared. this apparatus could not be used, because of its 

2737. As the establishment of either the ocr ever-varying temperature, and the consequent 
currence or the absence of change of volume in disturbance and ejectment of the fluid in the 
gases, when under the magnetic influence, ap- gauge; but when clothed in three thicknesses 
peared to me to be , of great and almost equal of flannel its temperature was perfectly steady; 
importance, 1 was led to consider whether, in andbythefurtheruseofwoodenkejrstotumtilie 
the experiment just described, the circumstance cocks the apparatus became unexceptionable, 
of the gases having been subjected to the mag- 2740. Before proceeding to employ this ap^ 
netic power in a field of equal force (2733) paratus with different gases, and in order to 
might not have interfered with the production obtain some idea of what might be eiqiected 

of the effect sought for; for such a field is that comparing one gas with another, I made a pre- 
where the diamagnetic phenomena, of solid liminary experiment, dependent on the relative 
and liquid bodies, occur in the most unfavour^ specific gravities of air and hydrogen, of the 
able manner, and where indeed they almost followii;^ nature. It is easy to diffuse a trace of 
entirely disappear. I therefore constructed an- ammonia through the air of a jar, by putting ^ 
other apparatus so that this condition was re- little paper wetted with a strong solution 
moved, and in which, if the particles of the dia- it;^ and it is equally easy to send a jet of hydro 
magnetic gas, by any unlmown disposition of gen, containing the smallest portion of muii^ 
the powers in action, tended only to pass from atic add gas, hy a horizontal tube into tfaeam^ 
strong to weaker places of force, and bemg thus nmniated air. When this is done, the ecmrse 6t 
incapable of enlargement in the axial direction, the light hydroi^n in the heavy air is rendered 
would only show that ^ect equatorhdly, the very distinctly visible; and it is ifeenj on teao 
opportunity for ihdr doing so should be pres- ing the hoiizcmtal tube, to turn at once ^ 
ent. wards and to ascend rapidly, beedni^ wirei* 

2736. A cylinder of soft drawn in its course, in consequence of its 
iron had the central parts spedfio gravity compared to air. I 
removed in a latixe, until it 2741. Two ^mii^herical iron pc^ 

hadassumedtbeformofan tions, associated with the great magnet^, 
boUr-gUss^. or that repre- then placed in contact with each oth^^soft^ 
^seutedin?^Vv5>-whiohis to they mii^t be surrounded dtherhy s% 
a scale of onerthiid. When gen,* and the jet of hydrogen, delivering 

• * J . '-i. 
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ndhi of f Mib per 
•MMfljr liwttttt tbe an^ 
tte oMgiMtio fidd. Whan thm vw no ma^ 
aeiie iim anqdoyed tibe hydrogen raw r«rll- 
«efly» hreaking againet the pointo where the 
hainktiheiical poles touched; but whoi tiie 
wago^ power was on, the stream of hydro- 
gen divuM into two parte, moving right and 
left, and aeoended in two etreame at a distanee 
ftom tiie pobt of contact. Now this divinon 
todc {dace at a certain distance belou the axud 
tins; and at that point, notwithstanding the 
aseenaive power of hydrogen in air or oxygen, 
it was constrained to go horisontally by the 
^iwiently repuMve pow«r of the magnetic 
raroe, and did notin its further course approadi 
nearer to the axial line, but formed a curve 
entoentric with it, or nearly so, so that the 
eampound streams of gas assum^ exactly tiie 
shi^ of a tuning-fork. 

SJ4li. When air occupied the magnetic field, 
tiie (tivitdon of tite stream of hydrogen was 0.8 
•or 0.32 of an inch below the udal line. When 
oxygen was about the poles, then the divkion 
of the hydrogen took tdaoe as far off as 0.55 of 
an inch below the axial line. Hence at these dis- 
tances the power which tmided to make the 
hydrogen pass from the axial line, equatoriaily 
in the direction of the radius, was equal to tite 
difference of the spedfic gravity of hydrogen 
oompaied vith that of air and oxygen respeo- 
tivdy. At leaser distances the power would be 
much greater; and indeed, if in any experiment 
tiie t^rdragen was deliver^ nearer to the axial 
Utte, it was blown downwards and away with 
Biu^ force. Calculating with these dal^ and 
etyi assuming that the diamagndic gases re- 
oeded from the arial line, in consequence of the 
diiMt action of tite magnet and that only, caus- 
i(gi fhom to pass from strongsr to weaker {daces 
of adfon, I found, as I thought, reason to be- 
iieee that the more diamagaetic gases, occupy- 
fog the spam within the copper box (2739), 
n^ftt pt^nhly be expanded at leeait Mw,setfth 
mot of their vdtune by the magnetic force. 
Now the gsim that 1 empbyed were sensible 
fohen the firm in them moved the Mocth of an 


palrsofOrovebplakekfotiyiaip^^ 

The fioid moved ^hry SO |{ 

a little expaanon oeeanr^ on- putting' 
magnetic ioKM, and retdnred-iiri^ ^ ’ffocb 
'tros takmi off . T^ hnafi effsK^'kai fdttfid afi^ 

wards to be due 1» coaqtression, eocaskmed by 
tite tendency of the tnaitpietic poles to ap^x- 
imate(2734). 

2744. Oxygen presented exactly the same ap- 
pearances as oononon air and to tite- same 
antount, so that no effect, due to magnetic or 
diamagnetic action, wn hwe evident, butbnly 
(hat of tite c<»npresa(m observed in the case 
air (27«). 

2745. Ntbrogen gave emctiy the samehesulte 
as oxy^ and air. Now idtrogen k pr^Uy 
more diamagnetic titan hydrogen, and mould 
titerofore have given a striking contrast with 
oxygen, if any positive results were to oe ob- 
tamed. 

2746. Carbonic acid and niticus oxide gnses 
yielded the same itegative results, and, as I be- 
lieve, when tite apparatus was in an unexeep 
tionable condition. 

2747. There is at tite Pharmaceutical Society 
an exeunt electro-magnet, of the horseshoe 
form, similsr in arrangmnent to our own (2247), 
but far more powerful, and tins titroi^'Mr. 
Redwood I was fa'vou^ with the use of, for 
tite repetition of the for^iitg experiments at 
tite house of tite Society. The iron, which is 
very soft and good in quality, k a square bar, 5 
inches in thickness, and tite medium Une k 50 
inches in length. It has 1500 feet of coppo: 
wire, 0.175 of an inch in titicknesB, ooUed round 
it and arranged (vhen I used it) in one contin- 
uous length. The movesMe tominal ineces for 
tite pdes rue massive in proportion to the mag- 
net. Eighty pairs of Qrove’s {dates wme us^ 
to excite t^ magnet^ and as it was found, by 
prelimfoarytrhds,tiiat these weremost powe^ 
ful when arranged as four twenties, with (htir 
nnfiar ends connected, they were so used, con- 
stitu^g a battnynf twenty pane of {dates, in 
wfaitit ewh {datimuD plate wss 4x9 Indhes in 
the immersed part, and tiierefore presented 72 
square foidMS of siwfoce towards the fftive 


kWh (2736), yet that qiace k <mly the H^,M«th 
SMkef theoapadty of theehan^, and th^ 
mi ttHflli u isquoudoli ii that ibova woidd 
fowe made it move fttroui^ 0.4 of as kuh; a 
abvuidaaily nxfBoiieiit to twiox tho 
IlMilb if tha fiuiidhunmlal imusqitkRa 

4fo tiik first kilfodkted to tim fx^ 


2748. i(fo t<|iealfog the formw eipkfote^ 
01743) th«slteet(ff«pM«nfo was iqpfoee^de^ 
sod it vfoi laafofeBt that the 
thouih fiforheeipti^tk^ wwpIMe^be^ 
by the mutual'atItmietMin of its pedes. The n-* 
wss voiy eaiiali,lMoeniB of the-Tkftff'Of 
inn eoM -psasbg thrav^ the oiikin <ff the ex- 
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for litt 11 m «ad when 

nukde for Hi nothihg remained to indicate any 
change in volume of the gaa itadf. 

2740. ^ 1^1 cxugmf nUrogenf carhmfe acid and 
nUfoui <mde were aubmitted, in varying orderi 
to the effect of thia very powerful magnet, but 
not the slightest trace of change of bidk in any 
of them appeared. 

2750. I think that the experiments are in 
every respect suffident to decide that these 
gases, wh^er they are considered as magnetic 
or diamagnetic bodies, or whether they include 
bodies of both classes (for oxygen is in striking 
contrast to the rest), are not affected in vol- 
ume by the magnetic force, whether in fields of 
equal power (2737), or in places where the pow- 
er is rapdly diminishingi 1 think this decision 
very important in relation to the true nature 
of ^ magnetic force, either as existing in, or 
acting upon the particles of bodies; and as in 
the magnetic field the force exhibits itself, not 
as a central but as an axial power, so tide fur- 
ther distinction of the phenomena, into such 
as are related to the axial direction (2733), and 
such as are related to or indude the equatorial 
direction (2737), is not unimportant, for they 
show that the particles do not tend to separate 
dther parallel to the lines of magnetic power, 
or in a direction perpendicular to these lines. 
Without the experiments, the mind might have 
considered it ve^ possible that one of these 
modes of expansion might have occurred and 
not the other. 

2751 . No doubt it is true that even yet changes 
in volume in these directicma may occur, pro* 
vided the change in one direction is expansion 
and in the other contraction, and that these 
are in amount equal to each other. It was part- 
ly in reference to such possible changes (which 
may be considered as molecular), t^t the ex- 
periments with the ray of light were made 
(2723, 2729), and also toat in these and otiber 


cdbodMwc^ : 

nexkm with tins tonmakm I may stato 

have on former oecedocw, and more 

deavoured to ascertain, by the use of yeryiA^ 
icate apparatus and powerful electro-maga^i 
whether any change was produced in the 
ime of sudhi fiuids as wat^, alcohol and sohi- 
lion of sulphate of iron, but could observe no 
^ect of the kind, and 1 do not believe in its ex« 
ktence. Still more recently, and in refenmceto 
the class of scdid bodies, I ^ve submitted iron 
as a magnetic metal, and bismuth as a diamag^ 
netic b^y, to the same examination; 
als were emidoyed both in the state of . 
cylinders and of filings or fragments. ’*!^e:eyl» 
inders were put into glass tui^ and the 
cies into glass bottles; gauges, like those 
scribed (2732), were applied to them, and tiiat 
part of the containing vessel which was not 
filled with metal, was occupied, in one set of 
experiments, by air, and in another by 
3 mt in xio case could the least change in toe vU- 
ume of the iron or bismuto be obaarved, how^ 
ever powerful the magnetic force to which ikfiy 
were submitted. 

2753. One other result of a repulsive forcb 

seemed possible even in oases when, aecoidfaig 
to a former supposition (2751), the tendency 
to expand equatorially might be compensated 
by an equal amount d tendency to contract . 
toe axial tfirection, namely, tlmt of the produi^ 
tion of currents outwarcb or equatorially, 1.4^ 
in lines perpendicular to the magnetic v 
where pomt^ poles or the hour-gto core, aS** 
ready described^ were used, and of other 
rents setting in towards that line along toe 
clined surfaces of toe polar torminations; hi 
some degree like toose occurring so powerfoBy^ 
and tra^ so readily ^en flame car hot 
observed in air, or when k stfoam of one 
observed in another gas.* :i 

2754. When however the gas occupying toh ; 


exj^riments instituted for the purpose, a po- 
larised ray was employed as the examiner; but 
the results were always negative, when by rep- 
etition and care sources of error were removed. 

2752. The great differences in the degree of 
diamagnetic suseeptibifity and condition which 
the gases employed in toe fbregoii« expmir 
zi!MUts possess or can assnme, ere such as to 
*na]ce one ready to suppose, ttmt if they ehoti 
tto tendeney Ht any esse to dbange in volume 
under toe action of the magnet, so neither 
otoesgas or vapour do e6» but toat 
aU tlm hmlviduab btion^ 


wfaotoof toe nu^netic fidd was unHomhi 
tuie and alike in tompemture, !^^ thesliidH^ :' 
trace of euto emrmts as toese codd N 
saved. It is not easy to devise uimx^ptidnslM 
tests of such motions, because vimi^ tmW ^ 
introduced into suto a magnotio fidk} to 4^ 
toe moranents ei toe air tbm are themsdfoi^ 
diamagnetic; and if tiiey form a Utito 
cloud, are moved togetto and away as- 
magnetic body would be; but when' 
field was ooeiqaed pretty eqmdbrby vtsty 
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particlesfof iltistear thi^ miEtjs* 

ti^jb powerful atitiou^ so mgna of ^urmits is 
<2i6airwet*evirfble«Furfher,wbesafaiut8tream 
<!)f rfiSuae' smoke from a taper spark^ was 
aUowed to fall or rise a little .on one side of the 
axial ^e, it was determined outwards and 
eq^uatonally ; but though it went outwards with 
moat force when equidistant from the two 
eonical poles, or their representative parts in 
the double iron core (2738), still when it was 
made to pass near to one side, it continued to 
go outwards and equatoxially, even when, from 
its close vicinity to the iron surface, it had as it 
Were to move over it; showing that the tend- 
ency of the smoke was outwards in every part 
of magnetic field occupied by air or gas, 
and that therefore its motion was due to the 
action of the magnet on it as a diamagnetic, 
not to currents of the air, which, if exist- 
ing, would be inwards in one place or direction, 
and outwards in another. 

2755. When magnetic or diamagnetic fluids 
were subject to the magnetic force upon a plate 
of mica over the poles, according to the ingeni- 
ous arrangement of Pliicker, they quickly as- 
sumed the different forms correspondent to 
their nature, but after that there was no fur- 
rier motion or current in them. The cases are 
no doubt different to those where the whole of 
the magnetic field is occupied by the same 
medium; still, as far as it goes, it helps to con- 
firm the conclusion that no currents are formed. 
On putting the same liquids between the poles 
in, glass cdls, no magnetic currents could be 
oh^rved in them, though fine particles were 
introduced into the fluids, for the purpose of 
anaking such changes of place visible, if they 
oecurr^* 

2756. So there is no evidence, either by the 
action on a ray of light (2727, 2729), or by any 
expansion or contraction (27W), or by the pro- 
duction of any currents (2754), that the mag- 
]iet exerts any direct power of attraction or re- 
pit^ion <m the parti<^ of the different gases 
tiisd,:Or that they move in the magnetic field, 
^ they BUe known to do, by any such immedi- 
0bt attraction or repulsion. 


% Ik. Magnetic Adibm 

>< 8757* Then what is the cause of the diamag- 
, iMttie lAiange place? The ^ect is evidently a 
^^eiseiitiid insult, depend upon the differ^ 
' 4ncc$ of , the two portions or masses of matter 
ateopying ^emagaetie field, as the air and tim 
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streams of other gas in iV<»r mmury^d jtiit 
tube of air in it (2^7), or water and the giim 
of bismuth in it (2301) ; and though eidiibited 
only in the action of masses, the latter must no 
doubt owe their differences to the quaHties of 
the particles composing them. Yet it is to tbe 
observed that no attempt to separate Ihe per- 
fectly mixed particles of very different sul^ 
stances has ever succeeded, though made with 
most powerful magnets. Oxygen and nitrogen 
differ exceedingly, yet no appearance of the 
least degree of separation occurred in very pow- 
erful magnetic fields.’ In other experime^ I 
have enclosed'a dilute solution of sulpl^te of 
iron in a tube, and placed the lower end (of the 
tube between the poles of a powerful hor^shoe 
magnet for days together, in a place of peMect- 
ly uniform temperature, and 3 ret withoup the 
least appearance of any concentration ot the 
solution in that end which might indicalte a 
tendency in the particles to separate. 

2758; The diamagnetic phenomena of the 
gases, when considered as the differential re- 
sult of the action of volumes of these bodies, 
may be produced and examined in a very use- 
ful manner by the employment of soap-bub- 
bles, as follows: a glass tube was fitted with a 
cap, stopcock and bladder, so that any given 
gas contained in the bladder might be sent 
through it, and also with a foot or stand so 
that it might be placed in any required posi- 
tion, The end of the tube was drawn down, 
bent at right angles, and cut off straight across 
at the extremity, being of the size and shape 
represented in Fig. i. 


U 

2750. Ififl eisjr to Uoiw BOf^j-bubWee a* 
«nd of 8U(^ a tu^ of any size up to an 
diameter, andretaktiann for the time tequir^ 
by tbeaetum of tbestiqpooek. Theaoajfy water 
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ghoidd be pKe!;aM|^ wbeii inoxted (apdbofe 
forehand), by putting a cutting or two of eoap 
into a Itttie coUdwtiUed watas, io^ tiien^biil^ 
Ues of the thinnest and moat equable textiue 
can be Mown, whidi are more mobile than U 
tiiicker suds be used, and if a tittle care be tak^ 
m, quite poman^t enou^ for every uaehil 
experiment. The end of the jnpe should be peav 
fectly clean and free from heterogeneous mat- 
ter (which is often destructive of the bubble), 
and should be wetted both inside and outside 
with the soap-water, and left awhile in U b^ore 
uee* 

2760. If a bubble be blown with the end of 
the tube downwards, and be half an inch in di- 
ameter, it will usually have a little extra water 
at the bottom, and hang from the slender 
extremity of the tube by an attachment so 
small as to allow it great freedom of motion. 
Hence it will swing to and fro like a pendulum; 
and according as there is more or le% water at 
the bottom, it will vibrate more or less rapidly, 
will, as a whole, gravitate more or less power- 
fully, and therefore will retain its perpendicu- 
larly dependent position with more or less sta- 
bility, — circumstances which are very useful m 
the employment of the bubble as a magnetic or 
diamagnetic indicator. 

2761. The regulation of the relative quantity 
of water which is m or upon the bubble is easily 
obtained within certain limits. If, after the 
pipe is dipped in the soap-water, the end be 
touched with a piece of wood or glass rod, which 
has also been kept in the soap-water, more or 
less of the liquid may be removed ; and by ob- 
serving the h^ht at which the fluid stands by 
capillary action within the tube, which may be 
varied between Heth and ^ an inch, it is easy, 
after a few experimental trials, to observe how 
much is required to make a bubble charged 
with a certain amount of water, and bow little to 
give a bubble without any dependent water be- 
low; and then it is just as easy, by arran^g 
the amount of water befordiand, to blow a 
bubble of any required character* Even when 
no drop of water is left at the bottom, still a 
lange of thickness or thinness in tiie film itsdlf 
can be obtained. 

2762. As the bubbles contain less and lesaof 

water^ so are they rendered more s^asitiye in 
th^ action. They vibrate and are mcme 

catily moved by forces applied laterally to 
them. The diamagnetic efieot of the soap* 
Water cCnstituting tiiemm and#erefore 

thegeaeentai^ within tfaestr compar- 
gtMter^If very thi^ Urn 


d^[i!imdeni positien.hec^^ a 
stable eqoitibrimm Iteany mclinktiba this 
tube, or any latend force, however smalt, titen 
causes the bubble to pass to one side, and tp 
run up and adheire to the side of the tube; fig. 
0^ The dependent position supplies, in inclosed 



spaces or atmospheres, an exceedingly delicate 
indicator; and even when the bubble is on the 
side of the tube it still forms a very valuable 
instrument, for it freely moves round the tube 
as axis; and as it possesses a certain degree fd 
steadiness, it can be held in the magnetic field 
in any position, and by its motion to or from 
the a^ line, shows very well the magnetic or 
diamagnetic condition of the gas contained in 
it in relation to the surrounding air. 

2763. If the mouth of the tube be turned up- 
wards, bubbles of the thinnest texture can 
blown; but they are then also very unstable in 
position, and run to the side of the tube; they 
can be used as indicators, as above (2762). li 
the mouth of the tube be made broader, the 
bubbles, being thin, can be retained standing 
on the extremity; hut as their attachment is 
larger, so they require more force to move them 
sideways, and they lose in delicacy of indica- 
tion. It is convenient, in working with such 
bubbles, to make them nearly equM incise and 
thickness for the same set of comparative ex- 
perimmits. I usually employ them about hati 
an mch in diameter. 

2764. Qn blowing such a 
bubble with eur, in the de- 
pendent position, placing 
it in theangleof tbedouble 
pole ona levti with the ax* 
ial tine (Fig* 6)<f and tiMii 
putting on the magnie^ 
power by the nee of twenty paw of plates/ tim 
bubble was deflected outwa^s from the axial 
tine (or equatprially) with a c;»iain amouptof 
force, and returned to its first position on the 
interruption of the etectric currenL The defleo- 
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oftiielmf)li^ gaveiobdUoimiaof fhfi«]aol]ftt 
d! that aieot, to be used M a eomwtiaB ia eac* 
fniimenteintii othw gam. 

37M. Nitrogen in abr. A babble of nitrogeo 
inat potwarde or equatorially in oonunon aw 
with a force much surpaeaiBg ^oatward toid* 
eney at a bubble of ur (2764), in a very strik- 
ing «id illustrative manner. It was dtra driv- 
en ttp bom the end to the nde of the tube; and 
vdKai on the side, if presented inwards, it was 
driven to the outdde of the tube, and however 
the tube was turned round, kept that position 
as long as the magnetic force was maintained. 
Ibis ^eet is the more striking when it is con- 
ridered that four-fifths of the air itsdf is nitro- 


gen gas. 

2766. Oxygen in abr. Tbe effect was very im- 
{m^ve, the bubble being pulled inwards or 
towards the axial line sharply and suddenly, 
eacaetly as if tiie oxygen were highly magnetic. 
The result was mcpected, being in accordance 
with the ifiienomttia presented by oxygen and 
ititrogen in a former investigation of the dia- 
ouignetie phenomena of the gases.* 

2767. Nitrous oxide and aidant gases in air. 
Tbe bubbles went outwards or diamagnetically 
with a force much greater than that due to tire 
effect of the water of the bubble, proving the 
relation ai these gases to air, and accm^g 
with the results formerly obtained with streams 
of these substances.* 

2768. Tba« is no difficulty in apifiying tins 
method of observatirm to experiments with 
gases ia atinospheres of other gases tiian w, 
provided they be such as do not destroy tiie 
babble ; but 1 do not consume time by detailing 
hhe tesuits of sudb experimmits, which accord- 
«d perfectly with those before obtained.* The 
deseriptbn givto is quite sufficient to illustrate 
liie pdnt itoited, namely, that the motion of 
toe gases, one m another, whro m the magnet- 
to field, is a differential result, and supply suf- 
fieieot cases for reference hereafter. 

2769. Tbe same ccmolurion, that the effect is 
a difftoentiirf result of the masses of matter 



liipii4 and s(ffiddiainagiMtie bodies, advanced 
ton fomer part tfftoiBSeJBsseardies (2405-14); 
md a emutotom <d toe same kind, as regards 
UMlgastie bodies, may also be drawn from ext 
torfmeats then deseribed (8861-68). 

TjUMiMiiMwt Jfapssfon 1M7. Vel. XXXI, pp. 
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2770. T^diiSerantial isctiQiiirf twb porti^ 
of gasy or of'oi^ Iwo bodies^^iDayi by a swe 
daborate ma&od, te eauin&Difid ia 
far more interesimg and imporltot ikaa iliat 
}u 0 t described. TUemode of aetion referred to 
may even be made tbeliaeis of instrtomlap by 
which, probably, most important indications 
and measurements of both magnetic and <&- 
magnetic actions may be obtained, leading to 
results which are not 6 v«di as yet contemplated 
by the imagination. 

2771: If two portions of matter, gaseous or 
liquid, are tidd together and placed in acym*^ 
metric nmgnetic fidid, on oppotite sides pf the 
magnetic asds, they ^ be simultaneouay af^ 
footed. If both are diamagnetic, or less mag* 
netic than the medium occupying tibe magnet- 
ic field, both will tend to go outwards or ^ua- 
torially; equally if th^ are alike, but unecftiid* 
ly if they differ. The consequence will be that, 
if they are placed, in the first instance, equidis- 
tant from the magnetic axis, tbe supervention 
of the magnetie force will not alter their posi- 
tion, provided they be alike; but if they differ, 
then their position wfil be Ghanged;for tiie most 
diamagnetic will move outwards equatoriaUy, 
pulling the least diamagnetic inwards imtil the 
two are in such new positions that the foroesact- 
ing on them are equipoised, and they will as- 
siimea position of stable equilibrium. Now the 
distance throng which they will move may be 
used indirectly, or better still, the force required 
to restore them to theirequidistantpositionmay 
be emptoyed directly to estimate the tenden^ 
each had to go from the magnetic axis; that is, 
to give their rdative diamagnetic intensitieB. 

2772. That I might suln^t gases to «ich a 
method of examination, I selected a i^oe of 
very thin and regular flint-glass tube, about 
JHeths of an inch external diameter, and not 
more than Hotb of m inch in thicbiess, and 
drawing at the Uoj|f-*pipe lamp two equable 
portions of this tul^ into tbe ^shape and st^ 
represented, Fif. 7, in wMdh the bairrri part is 
l^incbes long^ I fii^ one witii oxygen gasand 

the other with nitrogen gas, and tim sealed 
them up hmmetidatly^ The end of tius proloi^*- 
ed part of each wah touidmd whilst warm iriA 
sealing-wMand lasten^^ iti 

thread was tied into a foop^ alsd riqpietmttd of 
fuB tiae. By these the 
pended 

so tiiat^tba*Mdille elf 




*ig. 7 

at the saine time carried outwa^ for a eor^ ; 


2773. The torsion balance ocmtisted of a bon* 
cQe of i9i3Ety eqimUy-stretched eoooon silk filwes, 
made fast al^ye to a vertical axis carrying a 
horiso^tal index mid graduated p^ate, and be- 
low to a horizontal lever. A crosa^bar, about 
1 yi inches long, was attacdied to one end of this 
lever, also in the horizontal plane; and ontiie 
extremities of this cross bar, and 8^ inches 
from the centre of motion, were hung the two 
tubes of oxygen and nitrogen (2772), counter- 
balanced by a weight on the other arm of the 
horizontal level. The whole was thus so placed 
and adjusted in relation to the electio-magnet, 
furnished at the time with the douUe cone core 
or keeper (2764), that the middle part of each 
tube was level with the middle of the core, and 
equidistant on each side from it. Under these 
circumstances, if any motion was given to the 
balance, so as to make its arm vibrate, the vi- 
brations were made with great slowness, in con- 
sequence of the weight of the whole moving ar- 
rahg^ent, and the small amount of torsion 
force in the cocoon silk. 

2774. The moment the magnetic force was 
thrown into action all things cl^ged. The oxy- 
gen tube was immediately carried inwards to- 
wards the axis, and the nitrogen tube driven 
outwards on the contrary side. The balance 
swung beyond its new place of rest and then 
returned with considerable power, vibrating 
many times in the period, which before was 
filled by a single oscillation; and when it had 
come to its place of rest, or of stable equilib- 
rium, the oi^rg^n tube was about one-eighth of 
an inch from the iron of the core, and the ni- 
trogen tube four-eighths distant. Ten revolu- 
tions of the torsion axis altered only in a slight 
degree tiiese relative distances. 

2775; IhiO actions iiirhich deteimine the mu- 
tual self'^ac^stment of the oxygen and nitro- 
gen, as thtir place in relation; to the 

magnetic^ axis, are very sim|de and evident. In 
the fiitt plaoe^ the gh$8 oi the tubes is more 
diaanagnetie than the surrounding m^um or 
tir (2424), and therefore each tends to move 
outwfiads; being equal in nature and ebn- 
diticm to eadh other, lend to move w#h 
at distimces, and at 
^oeedietaK^ If erne 

he toe; fSeatUF 

oesning into a more intense 
part of field; and the other, being 


r^poxidung reason in a place of less intenseraO^ 
tion; and therefore, as soon as the constraint Is 
removed, the system returns to its pomtiontol 
stable equilibrium, in which the two bodies ere 
equidistant from the magnetic axis; 

2776. The cofUents also of the tubes are sub- 
ject to the m^etio forces, and as the result 
shows (2774), in very different degrees. Eitiier' 
the oxygen tends inwards mudh more forcfi% 
than the nitrogen, or the nitrogen tends out» 
wards more powerfully than the oxygen; and 
the difference must exist to a very great de- 
gree, for it is such as to carry the gt^ of the 
oxygen tube up to a position so near the s^ 
that it could not by itself, or with mere air uv; 
side, retain it for a moment without the pid of 
considerable restraint. The power with whbh 
the tubes only would retain their equidistats^ 
position, combined with the extent to wMdi 
they are displaced from this position, ahowi 
the great amount of force which tius oonjdHt 
action of the oxygen and the nitrogen leaves 
free to be exerted in the one direction, immely^ 
from the oxygen inwards or axially, for thom^ 
the action be complicated the result is simple^ 
By former experiments, the nitrogen is knov^ 
to pass equatorially and the oxygen axially hi 
air,^ and the nitrogen tube will pass equatorialf 
ly according to a certain differential force,<4i^ 
pending on the flint-glass and the nitit^eh mi ' 
the one hand, and tlm bulk of air €flfi{daced^^ 
them on the other. The oxygen tube in 
mazmer will tend to pass axii^y by a dtft^ ; 
mitial force, the amount of wbii^ will depui^7 
upon the tendency of the to go axk^f 
of its tube to go equatorially, and of their jdA 
rdation to the air they displace. But both Ito 
tubes and their eontents are by their joint m* 
ktion to the air and tiieir mechanical oonneoGi^ 
ion so reteted to. each other, tiiat when aio^ j 
(as of torrion) ii emi^oyed to restore 
thtir equidistant position from the magnetic ; 
axis, all consideration of the matter ^ tifti 
tubm and of the air as a surrounding mfldb&ki .. 
may be dismissed. The gases within tbonriM 
be considered is in immediate rtiation aim 
each other and the magnetic axis, andi^iMkaif, 
ban!amd.frQm all other aotiena: aiid 
wMeh may be found needful to 

* PSUoMiBitof ATseasMs* 1847, YoL 33(3^ '^ 
4oe* , \ ■ 1 .. 



IB Re measure of tlidrxnagn^ (2772),Andv6iyBeariy alike mBiae^ were {]^ 

dt^nagiietie pared and hermetically eeaied, after ihat tihie 

2777. Hamg thus explained the genend quantity of gae within them h^ beBn reduced 

principles of action, I will not at present go in- to a certain degree by the air-pump. The hist 
to their ^l^licat^ in the construction of a c^tained the gas at the pressure of (H^ atme^ 
meastiiing instnnnent or the results obtained phere; the second had the gasat 
with it, further than is required for the half an atmosphere, or 15 inches 

cAncidation of magnetic and diamagnetic bod- of mercury; the third contained 
ie% and the determination of the true zeroH gas at the pressure of 10 inches 
point (2721, 2722). of mercury; and the fourth, after 

2778. The principles just described enabled bring filled with oxygen, was re- 
meto return to a method of investigation which duced to as good a vacuum as an 
on a former occasion greatly excited my hopes excellent air-pump could effect. 

(2483), but which seemed then suddenly cut When the first of these was com- 
off by want of power. Various bodies, whether pared with \Yie other three, the 
oonsid^n^ as magnetic or diamagnetic sub- effect was most striking; opposed 
stances, admit of two modes of treatment, to the half atmosphere, it went 
whidi promise to be exceedingly instructive as towards the axis, driving the ex- 

their properties and their destined pur- panded portion away; when in 
poses in natuml operation. A gas may be heal- relation to the one-third atmos- 
€d or cociedf and the ^ect of temperature, phere, it went inwards or axially 
which is known to be very influential,^ may with still more power; and when 
now be ascertained without any change in the opposed to the oxygen vacuum, it 
bulk of the gas; or it may be rarefied and canr twk its place as close to the iron 
ieneed through a very extensive range, and the core as in the former ease, when contrasted with 
effect of this kind of change upon it ascertained nitrogen (2774) ; and it was manifest that the 
independent of temperature or the presence of diamagnetic power of the glass tube which in- 
any other substance. Solids and liquids do not closed it (2775), was the only thing which pre- 
admit of these methods of examination, and do vented theoxygen from pressing against theiron 
not therefore assist in the determination of the core occupying the centre of the magnetic field, 
sero-point and of the true distinction of mag- 2781. On experimenting with the other tubes 
netic and diamagnetic bodies in the same man- exactly the same result was obtained. Thus the 
mt that the gases do. tube with one-third of an atmosphere, in asso- 

2779. It appeared to me that if a gaseous dation with the vacuum tube, went inwards, 
body were magnetic, then its magnetic prop- driving the other outwards, i.e., it was more 
Orties ought to be diminiriicd in proportion as magnetic than the vacuum; but in association 
it was rarefied, i a, that equal volumes of such with the one-half atmosphere tube it went o^t- 

gas at different pressures ought to be more wards, whilst the denser gas passed inwards, 
inagneric, as they are denser; on the other Any one of the tubes, if associated with a^* 
that if a gas were diamagnetic, rarefac- other having a rarer atmosphere, passed m- 
rim ought to diminish Its diamagnetic char- wardsormagnetically, whilst if associated with 
adtei^ until, when reduced to the condition of a others havmg denser atmospheres it passed 
vacuum, it should disappear. In other words, if outwards, being driven off by the superiormag- 
two ^opposed portions of the same magnetic netic force of the dmser gas. As far as I couid 
one rarer than the otiier, were subjected ascertam in these prdiminary forms of experi- 
at mice to the magnetic force, the denser ought ment, the tendency inwards or axially appear- 
tOi the axial line, or be drawn into ed to be in proportion to the density of the gas; 

ii^ee of most mtense action; whereas if two but the exact measurement of these forces will 
simply of^iosed portions of a diamagnetic be given hereafter, 
f^wercsufalected to themagnetic action, the 2782. Thus oxygen appears to be a very 
jmmexpandMorrmwgaBO^ttogoinw netic substance, for it passes axially, 

to tSm i^oe of strongest action. weaker to strong^* places of force, wititeon^dT 

:i^!80, SevmalJriilhs of oxygen (Fig. 8), siin- arable power; a conclusion in accor^ce with 
aammgement to those already described the result of formm observations.’ 

1847, VoL XXXX, pp. * FMoaojgiiea^ Mag^ 1847, Vot; 
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it pasBeB more {^oweifuily ivheii deiise IQmn 
when rarei its tendeimy inwerds bmg appar* 
ently in proportion to its density. Hence, as 
the oxygen is removed, the ma^etic force dis- 
app^rs with it, untU when a vacuum is ob* 
tained, little or no trace of attraction or inward 
force remains. No doubt it may be said that 
dense oxygen is less diamagnetic than rare oxy- 
gen, or a vacuum. This however would imply, 
that the acting force of a ^bstance, as the oxy- 
gen, could increase in proportion as the quan- 
tity of the substance diminished, which is not, 
1 think, a philosophical assumption; and be- 
sides that, other reasons will soon appear to 
show that the magnetic condition which disap- 
pears as the oxygen is removed, belongs to and 
is dependent upon that substance, and that 
oxygen is therefore a truly magnetic body. 

2783. Nitrogen, being the other and larger 
part of the atmosphere, was then subjected to 
experiment, and three tubes, one contaming 
the gas at a pressure of 30 inches of mercury, 
another with the gas at the pressure of 15 
inches, and the thiM reduced as nearly as it 
could be to a vacuum, were prepared (2780). 
When these were compared one with another 
in the magnetic held, they were found to be so 
nearly alike as not to be distinguishable from 
each other, i.e., they remained equidistant from 
the magnetic axis. I do not mean to imply that 
nitrogen at these different pressures is abso- 
lutely the same bulk for bulk (an instrument 
now under construction will enable me here- 
after to compare and measure with infinitely 
greater accuracy, and to ascertain these points) ; 
but as compared with oxygen, the great and 
extraordinary differences produced by rarefac- 
tion there, have no corresponding differences 
here. If there are any, they are insensible at 
present, and may, for the chief purpose of this 
paper and the deamination of the zero-point 
between magnetics and diamagnetics, be taken 
as nothing; 

2784. Nitrogen therefore appears to be nd- 
thermagnetic nor diamagnetic; if it were either, 
it could not but fall in its specific condition as 
H was rarefied ; as it is, it is equivalent to a vac- 
uum. tf a pven space be considered as a vacu- 
um, into whidi oxygen or nitro^n is to be 
'^adually introduce, as oxygen is add^ the 
Upace becomes mcafe and more magnetic, ie. 
luore competent to admit of the kind of action 
<fid)lngidSed by that word; but the corre- 

gtnduid addition of nitrog^ to an 
apace piH^uoes nd effect of that kind, 
ur the ocmtraj^i and the nitrogen is tberefoie 


neither xnagnetio nor diaroagnetio, but .i3os 
space itself. i , . ^ r ; - ^ 

2785. As yet 1 have found no gas, which, 
ing on the diamagnetic aide of zero, can at ail 
compare with oxygen in the range of effect 
produced by rarefaction. For the present,. I 
may mention olefiant gas and cyanog^ as sub* 
stances which appear to proc^ inwards, ^ 
towards the axial line, as they are more rare^ 
fied. They are therefore not merdy at zero, but 
are in opposition to oxygen and are diamagnetr 
ic bodies. But if we want a body that is strong? 
ly and undeniably diamagnetic, and which, be? 
ing added to or introduced mto space, will 
make it diamagnetic, as oxygen renders it mag^ 
netic, then fiint glass or phosphorus presents 
us with such a substance. When these bodtes 
are made into forms similar to the volutnea of 
nitrogen, or the vacua in size and diape, and 
are compared with them on the torsion ImfaMice^ 
they pass outwards with much force; and it is 
probably the great diamagnetic force of the 
glass of the tubes that prevents the effect of 
rarefaction from being more evident in olefiant 
and other gases. 

2786. When a tube has been filled with a 
particular gas, then exhausted as much aa poe* 
sible, and sealed up hermetically, it may be 
considered as inclosing what is commonly call- 
ed a vacuum. I have prepared many such vac- 
ua, and may be permitt^ to distinguish tiiem 
by the name of the gas, traces of which stfil re- 
main. In comparing these vacua in the xnag^ 
netic field (2773), they appeared to me to be fai 
all respects alike; the oxygen vacuum was not 
more magnetic than the hydrogen, nitrogen, or 
olefiant vacuum. Thtir differences, if any, were 
far smaller than the differences which could be 
produced by the variations of size and other 
conditions of the glass bulbs, and can only be 
made manifest by the means hereafter to be 
used (^83); and I am fully persuaded tiiat 
they will ultimately be neariy alike, 

close up fo and o&oid a vacuum.. ' 

2787. Before d^nnuuDg the place trf neto 
amongst magnetic md diai^gnetio boding, we 
have to confer the true obmoter as^ 
tion of spoos free from any mateiM substance. 
Though one cannot procure a i^>ace perfectly 
free from matter, one can make a close 
imation to it in a carefully prepared 

Uan vacuum. Fethaps it is hi^ty naei^^aKvy 
for me to state, that I find both iron ai|d 
muth in such vacua perfectly 
magnet Fpomsudi'experunen^^ 
geo^ obe^ations imd knoirikd^ 






1bdk1lt»Vam dfiaoAgMtie foree <2149) 
can ^verae pure space, just ae gradating 
fdree d^, and as static ^ectrical forces do 
(1^16) ; and therefore space has a magnetic re- 
lation of its own, and one that we s^l prob- 
a1::Ajrfind hereafter to be of the utmost impor- 
ttt^ mnatural phenomena* But this character 
^fispM is nbt of the same kind ae that which, 
Idation to matter, we endeavour to express 
fjbe terms magnetic and diamagnetic. To 
ehnfuse them together would be to confound 
i with matt^, and to trouble all thb con- 
ations by which we endeavour to understand 
work out a progressively clearer view of 
tim mode of action and the laws of natural 
fifroes. It would be as if, in gravitation or elec- 
' forces (16rl3), one were to confound the 
|i^lcleS acting on each other with the space 
Itcross which they are acting, and would, I 
ttdnki shut the door to advancement. Mere 
Space cannot act as matter acts, even though 
ilie utmost latitude be allowed to the hypoth- 
iitis cl im ether ; and adimtting that hypothesis, 
it'#oi 2 ld be a large additional assumption to 
suppose that the lines of magnetic force are vi- 
brathms carried on by it (2591) ; whilst as yet, 
we have no proof or indication that time is re- 
quired for their propagation, or in what re- 
i^peet they may in general character assimilate 
to, or differ from, the respective lines of gravi- 
latnig, himiniferous, or electric forces. 

Ndther can space be supposed to have 
tliose circular currents round pc^ts diffused 
it, which Ampere's theory assumes to 
tile partides of ordinary magnet- 
ic I had for a moment sup- 

|xwed might exist in the contraiy direction 
)9$mQ4tiiepititi(toiol^ama^ (2429, 

The imagmatlon, restrmn^ by 
pluliMphioal eontiderations, fails to ffnd any- 
: in pime space about yMA tire currents 

; Wld or to which tiiey could by any 

jMBOoiatioB be attached; and the <fffficulty, if 
nlmdy notimmeasarable, would be still greater 
tism, if them be any, who, aesummg that 


ttiation to their tn^ioetiveqna]^^ 
ered amongst themselveB. Those which .firo- 
duce no effect when added to igsm, appear to 
me to be neutral or to stand at aero* Tfaose 
which bring with them an effect of one ki^d 
will be on the one side of ami, and those which 
produce an effect of the ccmtrary Und will 1^ 
on the other tide of aero ; by this division tiic^ 
constitute the two sub^viskma of magnetic 
and diamagnetic bodies. The law whkh I for- 
merly ventured to give (2267, 2418), still ex- 
presses accurately thtir rations; for in an ab- 
solute vacuuip or free space, a magnetk body 
tends from' streaker to stronger places of mag- 
netic action, and a diamagnetic bodyl under 
similar conditions from stronger to weaker 
places of action. 

2790. Now that the true zero is oUaineb, and 
the gi^t variety of mat^ial substances Wis- 
faetorily divided into two general elassM, it 
appears to me that we want another name for 
the magnetic class, that we may avoid confu- 
sion. The word vutgu/^ic ought to be general, 
and include dL the phenomena and effects pro- 
duced by the power. But then a word for the 
subdivision, opposed to the diamagnetic class, 
is necessary. As the language of this branch of 
science may soon require general and careful 
changes, I, assisted by a kind friend, have 
thought that a word not selected with particu- 
lar care might be provisionally useful; and as 
the magnetism of iron, nickel and cobalt, whei 
in the magnetic fftid, is like that of the earth ai 
a whole, so that when rendered active the;^ 
place themselves parallel to its axes or lines o 
jEoagnetio force, I have supposed that they an( 
tiieir sunilars (including oxygen now) mi^t b 
trailed paramagnetic b^es, giving the follow 
ing diidsion: 

isssss" ; 

K the attemptjto facilitate expresston bem 
scowled; I h<^ it wiU be excu^. 


. nrngnetie and* ctiamagnetic bodies are alike in 2791. Frc»n the|»wsenceof oxygenm^in 

must aasUme that there are like cur- tfaelatt^js,'a8a whdle, aitkagne^mediw* 
ratip in botii; for it does not seem possible to no small .powes* 'fimee all tise comparative ,e 
Add (far mstance) phoi^horus having such a perimentson tlto di a m a gne tic (XMotifeoUtdf pt- 

or gases, made by pasting atreams ^ 
4f a sifaBar eonstitutim, and yet to have as a through it and tivreiild^ each othckt^ 
adimtotion of atagnetic powers of cmeetion, itiiitii bcc^tienaily 
nuseao occupied. of these Ibbt&s On tiie^.|mrama#etic jdd0 
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forBi«^ gs^ve.(2^)i wUl n^ed aiteiatiiim in 
ibis respect. I hc^ soon however to hum the 
means of eeoeiiiakiiig, not only the, plane of 
bodies, but also jibsai relative <}egrees of ioroe, 
at temperatures, with 

a degree of accuracy that will serve great pur- 
poses in the further development of this iM^anch 
of sdence^ 

2702. Amanj^ the gases hitherto examhied 
there is nothing that compares with oxygen. 
The following ^ comparatively indiffmant hy 
the side of it: chlorine and bromine vapour, 
cyanogen, nitrogen, hydrogen, carbonic acid, 
carbonic oxide, ole^nt gas, nitrous oxide, ni- 
tric oxide, nitix>us add vapour, muriatic add, 
sulphurous add, hydriodic add, ammonia, sul- 
phuretted hydrogen, coal-gas, ether vapour 
and sulphuret of caihon vapour,^ for though 
some, as olefiant and cyanogen gases, appear 
to be a little diamagnetic, and others, as ni- 
trous oxide and nitric oxide, are magnetic, yet 
their effects disappear in comparison with the 
results produced by oxygen. 

2793. I hope to give ^e correct e^qiression 
of the paramagnetic force of oxygen (2783) 
hereafter; in the meantime I am tempted to 
give one or two rough illustrations of its degree 
in this place, in addition to the former one 
(2774). The capacity of the oxygen bulb, con- 
taining ope atmospWe, is not quite 0.34 of a 
cubic inch, and the weight therefore of the oxy- 
gen within 0.117 of a X endeavoured to 
compare this quantity in the first i^e with 
soft iron, and therefore attached a portion of 
that metal, having one-tenth of this weight or 
0.012 of a grain, to a fine plathium wire fixed 
into one end qf a vessel, corresponding indxe to 
that containing the oxygen, so as to brii^ the 
iron into the middle, and tfiqn ^e bulb was 
i exhausted, and hermetically sealed. 9eixig npw 
opposed , to . the oxygen tube in the magnetic 
fi^d, ijb: wan found, as expected, far to suipMS 
the m^gen in magnetic power. As it was ip- 
conyeni^t further to reduce the iron or to en- 
large the oa$ygen, another ma^etie suhstanoe 
was em|h>j^ for the comparison < 

270^. ppe hundred grains o cl^, l^od, 
crysti£|aed[ imtcNMdpfaato of iron were 
In distilled water,, .and j^ted .iuMh 
imafly Ihe^saine ««evaB 
nulhivh^fiB^ with theeciutUnii^i^ 
tlMox3^:hidhm and stood eqsdwtaht 
ftoni tte ajdrf fine, as far as l ooiild judge by 
the jrf observaticm. When the 

occupied the hoik 

S r. 


of ViH oulne inohesl. As the bulk of the lo i x yn s k 
is only 0.34 of a mUiu kch (2793), that troSime 
of thia solotkm would contain very neariy tm 
grains of crystallised sulphate of iron, equivat* 
lent to 0.4 ^ a grain of metallic iron; so th^ 
bulk for bulk, oxygen is ^ually magnetic with 
a solution of sulphate of iron in water contain-^ 
ing seventeen times the waght of the oxygen 
in ciystaUised protosulphate of iron, or 3.4 
times its weight of xuetaUic iron in that state of 
combination. 

2705. Again, the oxygen tubes, containing 
respectively one atmosphere and a vacuum 
(2780), were adjusted about an inch apart, and 
placed on each side of the magnetic axis, and 
the force of the magnet develop^. The oxygen 
of course approached the magnetic axis, and 
the vacuum passed equatorially . A slender gUss 
filament, about 6 inches in length, had been 
drawn out at the lamp and fixed to a foot; and 
the end of this filament was then employed to 
press back the oxygen tube into its original 
place, and render it equidistant from the mag- 
netic axis with the vacuum tube. In this posi- 
tion the two tubes would, as respects the glass, 
neutralize each other (2775) ; and considering 
the vacuum as zero, the oxygen done may be 
considered as active, and the force required to 
hold it out may be looked upon as force 
with which the oxygen, at that distance of half 
an inch, tended to go to the magnetic axis. The 
deflection of the glass filament or spring, at the 
place where the oxygen tube Was bdd by i^ 
was rather more them one inch from its posi- 
tion when relieved from the pressure of the 
tube. Being taken away, it was set up in the 
horizontal position (after being turned 90^ on 
its axis, so that the flexure mid^t be in the 
same direction, relative to the fihunent, as be- 
fore); and the position of the end beingmarfced, 
weights were put on it at the pkm of foe* 
mer contact with the oi^gen tube, until 
produced the same amount of deflection as 
fore. It required rather more than the tenth of 
a grdn to produce ibis effect; and this, consid- 
ering that the whole oxygen only weight 0JI7 
oi a grain, and that no part of it was neaM 
than half an inch, whilst the average distaiiee 
of the masi was fohom an inch from the 
netic ads, d^Abigh oxprestion for the mai^ 
netio power. 

2796. It is baxdiy necessary for me in day 
here that this oxygen cannot exist in the he** 
mosphm, exerting such a remfokat^ 
amoent % madbdiic force, wtthim bfvhng a 
most impoit^t influence on thedj^pcafttkst ^ 
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eiaiiy if it %$ r^Membered that its ma^tio 


eondimm is ipreatly aitertd^^ variatioiis in its 
dendty (2781) and hy variations in its tern* 
^tture.^ 1 think 1 see here the real cause of 
many of the variations of that force, whi<^ 
have been, and are now, so carefully watched 
on different parts of the surface of the globe. 
The daily variation and the annual variation 
both seem likely to come under it; also very 
many of the irregular continual variations which 
photc^raphic process of record renders so 
beautifully manifest. If such expectations be 
eonfirmed, and the influence of the atmosphere 
be found able to produce results like these, 
then we shall probably find a new relation be^ 
tween the aurora borealis and the magnetism 

^ Philo90j^ieia Magawine, 1847, VoL XXXI. p. 


of thl^ earft, naoMy, a relalion 
mm^or less, throuj^tbe air li^f in Conli^id^ 
with the space above it; and even magnefic re^ 
iatibns and variation which are not as yet Sus- 
pected, may be suggested and r^dcred mani- 
fest and measurable, in the further develop- 
ment of what I will venture to call almo$j^wric 
rnagnetim (2847, &c.), I may be over-sanguine 
in these expectations, but as yet I am sustained 
in them by the apparent reality, simplicity and 
sufficiency of the cause assumed, as it at {nes- 
ent appears to my mmd. As soon as I have suf- 
ficiently submitted these views to a close con- 
sideration and the test of accordance T^th oh 
servation, and where applicable with lexperi- 
ments also, I will do myself the hoimur to 
bring them before the Royal Society. 1 

Royal InstUvlion, Avgust 2, 1850, \ 
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% L Magnetic Conduction 
2^97. The remarkable results given in a for- 
mer series of these Researches (2757 , <kc.) re- 
qpecling the powerful tendency of certain gas- 
eous substances to proceed either to or from 
tilie central line of magnetic force, according to 
their relation to other substances present at the 
.same rime, and yet the absence of all conden- 
saricai or expansion of these bodies (2756) which 
mgjdt be supposed to be consequent on sudi 
m amount of attractive or repulsive force as 
woiiid bethought needful to produce this tend- 
ency and determination to particular places, 
havt, upon eonriderarion, led me to the idea, 
that if bodies possess different de^ees of con- 
ductmg power for magnetism, that difference 
may account for afl the phenomena; and, fur- 
^er#^tbat if such an idea be considm^, it may 
midst in devek^g the nature of magnetic 
foim I shall riierefore venture to think and 
ilpeak freely on this matter for a while, for the 
jgpi|>oeeuf dtarWing others into a consideration 
is^eot; thoui^ 1 ^ the ride, in doing 


rrstumed him No- 


80 , of falling into error through imperfect ex- 
periments and reasoning. As yet, however, 1 
only state the case hypothetically, and use the 
phrase conducting power as a general expression 
of the capability which bodies may possess of 
affecting the transmission of magnetic force; 
impl 3 ring nothing as to how the process of con- 
duction is carri^ on. Thus limited in sense, 
the phrase may be very useful, enabling us to 
take, for a time, a connected, consistent and 
general view of a large class of phenomena; 
may serve as a standard of meaning amongst 
them, and yet need not necessarily involve any 
error, inasmuch as-wlmtever may be the prin- 
ciple and condition of conduction, the phe- 
nomena dependent on it must conrist among 
themselve. 

2798« If a medium having a certain opnduc^ 
ing power occupy the ma^etic Add, send then 
a portfon of another medium or gubstaoeu be 
placed in the fidd’having a ^ate CondUoto 
power^ the latter w4l tend to draw Up towasw 
the place of greatest forces displa<^’t^ 
meir. Suchet leaet is llte case with 
are fredy maguerie^ Ue frdn, nided* 
thdrcombiiiutimie (2357^ 8388, 
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result is in tbe phmomena 

produced by electric induction. If a portion of 
still M^mbt conducting power be brou^ into 
play, iti will approach the axial line and dis- 
plaoe that which had just gone there; so that a 
body haying a certain amount of conducting 
power will appear as if attracted in a medium 
of weaker power, and as if repelled in a medi- 
um of stronger power by this differential kind 
of action (2367, 2414). 

2799. At the same time that this idea of con- 
duction will thus account for the place which a 
given substance would take up, as of oxygen 
in the axial line if in nitrogen, or of nitrogen at 
a distance if in oxygen, it also harmonizes with 
the fact, that there are no currents induced in 
asinglegas occupying themagnetic field (2754), 
for any one particle can then conduct as well as 
any other, and therefore will keep its place; 
and it also agrees, I think, with the unchange- 
ability of volume (2750). 

2800. in reference to the latter point, we 
have to consider that the force which urges 
such a body as oxygen towards the middle of 
the field is not a central force like gravitation, 
or the mutual attraction of a set of particles for 
each other; but an axial force, which, being 
very different in character in the direction of 
the axis and of the radii, may, and must pro- 
duce its effect in a very different manner to a 
purely central force. That these differences ex- 
ist, is manifest by the action of transparent 
bodies, when in the magnetic fidd, upon a ray 
of light; and also by the ordinary action of 
magnetic bodies: and hence, perhaps, the rea- 
son, that when oxygen is drawn into the mid- 
dle of the field, in consequence of its conducting 
power, still its particles are not compressed to- 
gether (2721) by a force that otheiwise would 
eeem equal to fhat effect (2766). 

2801. So when two separate portions of oxy- 
gen or nitrogen are in the magnetic field, the 
one passes inwards and the other outwards, 
without any contraction or expansion of their 
rriative volumes; and the result is differential, 
the two bodies being in reUMon to and dependr 

eadh oth^, by being mmultaneously re- 
lated to Uie lines tA magnetic force which pass 
cenjtmiitiy them both, or throu^^ ^em 

and the medium in which they are conjointly 
iaanersei ^ 

^2. 1 have already said, in refeiwce to the 

foree (2787), 

laiieipenid^ can 
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duotmg pow^ of mattw; and m a mamier BBose 

analogous to that in which the lines of gravi* 
tating force, or of static electric forces pass 
across nmre space. Then as ree^pects those b^^ 
ies which, like oxygen, fadHtate the traodufo* 
sion of this power more or less, they cla^ to^ 
gether as magnetic or paramaipietie substances 
(2790); and those bodies, which, like olefiimt 
gas or phosphorus, give more or less obstruct 
tion, may be arrang^ together as the diamag- 
netic clam. Peihaps it is not correct to express 
both these qualities by the term condudim; 
but in the present state of the subject, and un- 
der the reservation already made (2797), tibs 
p^ase may I think be employed conveniently 
without introducing confusion. 

2803. If such be a correct general view of the 
nature and differences of paramagnetie and 
diamagnetic substances, then the internal proo- 
esses by which they perform their functions 
can hardly be the same, though they might be 
similar. Thus they may have circular electric 
currents in opposite directions, but their dis- 
tinction can scarcely be supposed to depend 
upon the difference of force of currents in the 
same direction. If the view be correct also, 
though the results obtained when two bodies 
are simultaneously present in the magnetic 
field may be conridered as differential (2768, 
2770) even though one of them be the general 
medium, yet the consequence of the presence 
of conducting power in matter renders a stnple 
body, when in space, subject to the magn^lc 
force; and the result is, that when a paramag- 
netic substance is in a magnetic field of un- 
equal force, it tends to proceed from weaker to 
stronger places of action, or is attracted; aii^ 
when a diamagnetic body is similariy clicum^ 
stanced, it tends to go from stronger to wealw 
places of action, or is repelled (2756). 

2804. Matter, wh^ its powers are under 
consideration, may, as to its quantity, be con^ 
sidled either by wei^t or by volume. In fibe 
present case, where the effects produced haye 
an immediate reference to mere space (2787; 
2802), it seems proper that the vofaime sfaeuid 
be considered as the representation, and that 
in comparing one substance with anothi^, eqcbd 
volumes should be empbyed to give oori^^ 
suits. No other method could be us^ vrilfc ^ 
differential syston of observation (2772^ 2^^^^ 

2805lScmmiii$erimentalevid^G^^ 
that of change of tituatioh, of 
this conduct^ pw^, by 
1 em to aeooin9t'^if#tiyaiM 

dsiamcteriiriios of piisiun^^ 
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Mlae bodtojSi msy mSL be expected. Ibii'dsri* 
«xi«feii; but as^oertain oonfiideiatioua con- 
weted mHi polarity preclude me from calling 
iron, cobalt, or nickd: (2832) 
mr^bptratioBS, and as in otber bodies which 
^ well as in those that are 
j^maghetic, the effects are very weak, they 
better compreh^ded after some fur- 
iK^generaiconmderationof^^ (2^43). 


' 2806. 1 will now endeavour to consider what 
#ie inffuenoe is which paramagnetic and dia- 
magnetic bodies, viewed as conductors (2797), 
fderi* u{k>n thelines of force in a magnetic field. 

of space traversed by lines of mag- 
netic power, may be taken as such a field, and 
is probably no space without them. The 
bffldition of the field may vary in intensity of 
pm^t, from place to place, either along the 
hues or ficroBS them; but it will be better to as- 
stnne for the present consideration a field of 
equal force throughout, and 1 have formeriy 
described bow this may, for a certain limit^ 
be pioduced (2465). In such a field the 
jpovrer doea not vary rither along or across the 
ttnes, but Ike distinction of direction is as great 
mid' itoportant as ever^ and has becm already 
iniuked and expressed by the term ax^ and 
equatorial, according as it is either parallel or 
fttansverse to the magnetic axis. 

2807; When a pmumagnetic conductor, as 
^ mstance, a sphere of oxygen, is introduced 
initofuchainagnetic field, considered previous- 
ly^ as Iree from matter, it 
^^oauseaconcentration 
. ^!d»elmesof fomeonand 
IjNol^ the 

oecuified by it 
transmits more magnetic 
p;qwer tilian befcn«e {Fig. 

on the other hand, 
i of diamagnetic 
mhMnrbeitiwredin 

wUI oauseadi- 
fergenee or opening out 
of lines i&tihe equato- 
jjjitidireetion {Fig. 2) ;and 
less magnetic power will 

Ite 4)aoe it occupies than if it were away.' 

^ ;c2BM;’X& this mannaar these two bodies will 



lit found toTsffect the dtrectibn of the fines 

« ^faroe,4iot oitiy within tibe space occupied hy 
lve8« birt afeK) in thenei^bouring space, 
~ t Ihe^IinM fMssmgrtiUK^^ 
i^wd liusLidiaage of tl» eoi^ 



lines will be ih this oontraey diieoticm fim the 
two cases. 

2809. Seeandlgy they will affect the oisMiU of 
force in any particular part of the q>aoe within 
or near them; for as every section across the 
line of such a magnetic field must be definite in 
amount of force, and be in that respect the 
same as every other section, so it is impossible 
to cause a concentration within the s^ere of 
oxygen (Fig. 1) without causing also a mmul- 
taneous concentration in the parts axially sit- 
uated as a a outside of it, and a corresponding 
diminution in the parts equatorially placed, 
h b. On thd dtiier hand, the diamagnet^ body 
{Fig. 2) will cause diminution of the magnetic 
force in the parts of space axially placet^ re- 
spect of it, c e, and concentration in the near 
equatorial parts, d d. If the magnetic fi^ld be 
conridered as limited in its extent by the'^Walls 
of iron forming the faces of opposed poles 
(2465), then even the distribution of the mag- 
netism within the iron itself will be affected by 
the presence of the paramagnetic or diamag- 
netic bodies; and this will happen to a very 
large extent indeed, when, from among the 
paramagnetic class, such substances as iron, 
nickel or cobalt are selected. 

2810* The infiuence of this disturbance of 
the forces upon the place and position of either 
a paramagnetic or a diamagnetic body placed 
within the magnetic field, is readily d^uccd 
upon consideration and e^y made manifest 
by experiment. A small sphere of iron placed 
within a field of equal magnetic power, iMund- 
ed by the iron poles, has a position of unstable 
equilibrium, equidistant from the iron surfaces, 
and at such time a great concentration of force 
takes place through it, and at the iron faces 
opposite to it, and through the intervening ax- 
id spaces. If the sphere he on either side of the 
middle distance, it flies to the nearest iron sur- 
face, and then can determine the great^ 
amount of magnetm force to or upon Ike axial 
lines which pass through it. 

28 U . If the iron be a Sfkeroid, then its grea^ 
est diameter points axially, wither H be in 
the petition of unstable equilibrium, nearer to 
or in contact witin the iron walls of tte fitid* As 
tiie cireumstBiroes are now snore favs^ble 
for the eonoeniaration of force in the axiti fin^ 
passing through the body tiian before# eo this 
leeiilt can be produced li^inuoh weaker pai^ 
magnetios tbaa^iron, imdl ImejM^doaMeould 
easily be brodhaoed l^a vessel of oagnMier 
trie oxide gae (S982, 27B2) . n wm ^ 
deed a fmxh tkou|^ not the 
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perianat by tilaoh tiM inag&t^ 
bo(fiM ii « 0 DsMm«d as most «earilivdy 

2812. Ibeielativttdefioieaoy of ptnrar ui dift* 
Bu^iwde bodies renders any attnnpt to obtain 
the oonverse phmomena to tiiose of iron somer 
wfaat difficult; in order therefore to exait the 
conditions, 1 used a saturated solution of {no* 
tosulpbate of iron in the magnetic field; by 
this means I streagtiiened the lines of power 
pasting across it, without disturbing its eqt^- 
ity in tiie parts employed, or introducing any 
error into the principle of the experiment, and 
then used bismuth as the diamagnetic body. A 
cylinder of this substance, suspended vertical- 
ly, tended well towards the middle distance, 
finding its place of stable equilibrium in the 
spot where the paramagnetic body bad un- 
staUe equilibrium. When the cylinder was sus- 
pended horizcmtally, tiien the direction it took 
was equatorial; and this effect tibo was very 
clear and distinct. 

2813. These rtiative and reverse positions of 
paramagnetic and diamagnetic bodies, in a field 
of equal ma^etic force, accord well with their 
known rtiations to each other, and with the 
kind of action already laid down in principle 
(2807) as that whi<h they exert on tiie mag- 
netic power to which they are subjected. One 
may retam them in the mmd by eonctinng 
that if a liquid sphere of a paramagnetic con- 
ductor were in ^e place of action, and then 
the magnetic force devtioped, it would dange 
in form and be prolonged axMy, becoming an 
oblong siheroid; whereas if such a sphere of 
diama^etic matter woe placed there, it would 
be extended in the equatorial ffirection and be- 
come Ml oUate sjheroid. 

2814. Tbe mutoof action oi two portions of 
paramagnetic matter, when they are both in 
such a field of equal magnetic force, may be 
anticipated, firom the j^dides (2887, 2880), 
or frmn tite eorrei^ading facts, wfauh are guir 
^y known. Two inheres ot iron, if retabied 
in the same equatoriid idane, r«>el each Other 
tiron^l-botas th^ areaHowedto depart wA 
of t^t plane, they fitst bee mutual ro- 
Nnve farce and &ea dttraot each other^ smd 
t^t they do meet powwA^ when in an mad 
oireoticaL. ' ■ 

281&,’ - Wiffi' dleiungniat^e bodies tiie sautual 
*etian^jbi meeetdbGSoait tO dete r min e , beoanae 
m tin'ccanparaiiave kw ne ss of timr oohffi&m. 
1 thenfisee sesortod io the expedient, beftee 
deeorfi]ed,.(ff utingA nliB«ted eolution of {nw- 
^B<%bliU'ie#-itaii'B»:tl^ mndium ocenpying 
the IMd uf J^naliBigtiBtie teller and eaq^ciy- 


ing two ej^dtts of phoepbonM, about .. 

brngandhrifenteAtedbuneter, aetbedbir '' 
magnetic bodiee. One of tiieee was suspended . - 
at the end of a lever, which ww itedf suependk 
ed by oocoon-cdlk, so as to have extremely free 
motion, and the ac^ustaente were such ! 
when the j^wsphoraB ojdiader was in the mid- 
dle at the magnetic field it was free to move 
equatorially or across tiie lines magnetie 
fmree; it howeverhad no tendenq; to do so undw 
the influence of the magnetic force. The other 
cylinder wae attached to a ooppmr wire handle 
and could be idaoed in a fixed poedtion on eitiier 
side of the former cylinder; it was therefore ad- 
jnsted close by tiie ^e at it, and the two to- 
toined together, until all disturbance from mo- 
ti(Hi of toe fluid or of the air had osnsed; then 
toe retidni^ body was removed, toe two phoe- 
phorus cylinders still keeinng thm plaeea; &< 
nally, the magnetic power was hrou^t into 
action, and immediatdy the movealde Qdinder 
separated slowly from toe fixed one asd passed 
to a distance. If brought back again whilst toe 
magnet was active, when left at liberty .b te^ 
coded; but if restored to close vidnity, when 
toe magnetie force was away, it retain^ tbdt 
situation. The effect took pliwe etther in< the 
one direction or the other, aoo(Hdhig ae the 
fixed eyiimlM’ was on this or. that side of the . 
moving one; but-tiie motion was in both eases 
aorosB <he foies cd magnetic force, and was in- 
deed metoanioally and poipoeely fonited to 
that direction toe mode of swpension. When 
two bosmuto fodls WM« jdaoed, in nspect 
eadi otiMr,.in toe direction of the nqngaefie 
axis, so that one mi^t move, but oidy. in toe 
direction of titot aids. He place wae not seeaibl|r 
affected by ihe utoer; tlm tendmicy <d 
onetogototoeimddleoftoefiald(^l2)over- 
powwto any other tendeoey .toatmic^ ree% 
exist. ' 'V '■* i' ' . I '. . . ^ 

2816. fFhus two diamagnetic bodies, whenli 
toe magnetie .field, ddtn# ejfoto .eato'Oilhi^ . 

Iwt the residtfo nteoppciMd m its direction to. . 

that of paraiikiigiliatio bodioAt ^**”**c 1 

eases a'«totttotiiM)<d.timintostoDeee;^ C'. 

otoor.' 

2817. The eomparison of the4mtioa of pMto ' 

magnetfoanddiemsgnetw bodies oaearihotoer, 
wasoompleted by using water at themeil&nfSa . . 
a fitoi of equal magnetic foroe, and eatoetofihg 
a piste of from toe tmmoftlutoii^ 

tim’niaipiotie power moon, lilfb pi^ 
phonm wasMpIdtod equatoraillsr, Mbefo%'by 
aaolher pitouef ’]^egphonia^-iiitf>^. tou ate 
imetad biy « tobo-fflled witoA etodsetod 
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mm of protosalphaiw of iroa; so pw^amacpietic 
S3id dlamagneiio bo(£es attract eaCL other ^qoar 
jbcfia^Uy in a mean medium, but ea<^ repek 
ladies of its own Mnd (2831). 

f ii. CondueUm Pciarity 

'2618. Having l^tis considered bnefly the ef- 
leebs which tbe disturbance of the lines of force, 
by the jMresence of paramagnetic and diamag* 
netic bodies, is competent to produce (2807, 
Ac.), I will ask attention to that which may be 
ednmdered as their polarity: not wishing by the 
term to indicate any internal condition of the 
imbstances or their particles, but the condition 
of Idle mass as a whole, in respect to the state 
into which it is brought by its own disturbance 
of the lines of magnetic force; and that, both 
in Regard to its condition with respect to other 
bodies mmiiarly affected; and also in regard to 
^^erenoes existing in different parts of its own 
mass. Such a condition concerns what may be 
called c<mditcU(m polariiy. Bodies in free space, 
whmi under magnetic action, will possess it in 
its simplest condition; but bodies immersed in 
other media will also possess it under more com- 
plicated forms, and its amount may tdien be 
varied, being reversed or increased, or dimin- 
ished to a very large extent. 

2819. Taking the simplest case of paramag- 
netic polarity, or that presented in Fig. 1 
(2807), it consists in a convergence of the ^es 
of magnetic force on to two opposed parts of 
^e bc^y, which are to each other in the direc- 
tion of the magnetic axis. The difference in 
ehaxiu^ of the two poles at these parts is 
gteat, being that which is due to the 
lE&owa difference of quality in two oppo- 
lile directions of the line of magnetic force, 
innbiether polar attraction or repuldon exists 
amongst .paramagnetic bodies, when they pre- 
. sent mere cases of conduction (as oxygen, for 
inatanee}, is not yet certain (2827), but it prob- 
;«ably does; and if so, vnl\ doubtless be consist- 
ent with the attraction and r^ulsion of mag^ 
wt8 having correspondent pdes. 

; 2820. When we eonsid^ tifee conduction po- 
! larity of a diamagnetic body, matters appear 
altogether It has not a polarity like 

that of a paimiiai^ello substance, or one the 
meeereveoeeXle mme or direction of the lines 
, tmroe) aoA I, Weber and 

^otbeib b (2840), but a 

of its ownaltogewr ape^ Its polarity 
divergenoe of the lines of powier 
djft to, or a eeauergeeiee from the parts, aduch 
iMlsigjail^^ of themai^ 


netse axis; so that those poles, having the same 
general and opposite rektions to e^ ol^r, 
whidi correspond to the differences in thepdes 
of paramagnetic bodies, have stiH, under the 
circumstances, that striking contrast and dif- 
ference from the polarity eff the latter bodies 
which is given by convergence and divergence 
of the lines of force. 

2821. Let Fig. $ represent a limited mag- 
netic held with a paramagnetic body P, and a 
diamagnetic body P, in it, and let N and S rep- 
resent the two walls of iron associated with the 
magnet (!^|^) which form its boundary, we 
shall then be able to obtain a clear ide|k of the 
direction of the lines of magnetic fore# in the 
field. Now the two bodies, P and D, camot be 
represented by supposing merely thiMt they 
have the same polarities in opposite directions. 
The 1 polarity of P is importantly unlike the 3 
polarity of D ; but if D be considered as having 
the reverse polarities of P, then the one polar- 
ity of P should be like the 4 polarity of D, 
whereas it is more unlike to that than to the 3 
polarity of D, or even to its own 2 polarity. 



2822. There are therefore two essential dif- 
ferences in the nature of the polarities depend- 
ent on conduction: the difference in the direc- 
tion of the lines of force abutting on the polar 
surfaces, when the comparison is with a mag* 
net reversed, and the difference of convergence 
and divergence of these lines, when compared 
with a magnet not; reversed; and hence a dia- 
magnetic body iajK)t in that condition of po- 
larity which may be represented by turning a 
paramagnetic b^y end for end, while it re- 
tains its magnetic state. 

2823. Diamagnetic bodies m media xnoredi- 
amagneric thicQ themselves would btve the 
polar condition of paramagnetic bodies (2819); 
iBXKi in like niamer paramagnetic oon^^^ 
in media more parama^oi^io than thesnselyes 
would ksve the polarity ol ctiama^etic bexh^ 

2824. Beridps these differences 

must have lan dquatori^ condition, wbeh; ^ 
the two'dkasas'tf conductors, would 
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the equatorial pd«rt of P 6) is alUGe m po- 

lar ration to the body P, or to l^e Hues of 
force in the surrounding spacit; and there is a 
like eorrespondence in the equat(^l parts of 
I>, either to itself or to space; but these parts 
in P or in D differ in intensity of power one 
from the other, and both from the general in- 
tenrity of the space. Such equatorial conchtions 
most, I think, exist as a consequ^ce of the 
definite character of any given section of the 
magnetic field <2809). 

2825. Though the experimental results of 
these polarities are not absent, still they are 
not very evident or capable of being embodied 
in many striking forms; and that because of 
the extreme weakness of the forces brought in- 
to play, as compared with those larger forces 
exhibited in the mutual action of magnets. 
Hence it is, that the many attempts to show a 
polarity in bismuth have either failed, or other 
phenomena have been mistaken for those prop- 
erly referable to such a cause. The highest, 
and therefore the most delicate, test of polarity 
we possess, is in the subjection of the polar 
body to the line of direction of magnetic forces 
of a very high degree, when developed around 
it; and hence it is, that the pointing of a sub- 
stance between the poles of a powerful magnet 
is continually referred to for such a purpose. It 
would be, and is utterly in vain to look for any 
mutual action between the poles of two weak 
paramagnetic or diamagnetic conductors in 
many cases, when the action of these same 
poles is abundantly manifest in their relation 
to the almost infinitely stronger poles of a pow- 
erful horseshoe or electro-magnet. 

2826. 1 took a tube o (Ftp. ^), filled with a 
saturated solution of sulphate of cobalt, and 

V suspended it between the poles of the 
great electro-magnet; it set readily 
and well. Another tube, 6, was then 
||cr filled with a saturated solution of 
sulphate of iron, and being associ- 
ated with the S pole of the magnet, 
was brought near the cobalt tube in 
the manner shown, but not the 
lightest effect on the position of a 
was observable. The tube b was 
changed into thepositionc, todouble 
wiyeffectthatmi^t be present, but no trace of 
«^tual aetbn between the poles of aand b was 
^We( 2810 ). 

^8^. To iaotease tito tiie mAgnetks 
■ritttion tube was suspended in water, as a 
good diaiMiiFnetirmedtoi between flat^aced 
poles it pdlnb^ welL Two botties d 



saturated Sdution of sulphate of iion were 
placed at d and e, but tb^ did not alter &e 
sition of a; bring rmamd into the positioas / 
and g, neither was any sienrible altem^n d 



the position of a produced:! 
made the sameki^ of exper- 
iment with an air-tube in 
water, in which case it pomts 
axially (2406) , with the same 
negative result 1 do not 
mean to assert that there 
was absolutely no effect pro- 
duced in these cases (2819) ; 
butif any,it must have been 
inappreciably small, and 


shows how unfit such means 


are to compare with those 
Fig 5 which are supplied by ttie 
pomting of a body wh^ 
under the influence of powerful magnets. If 
polarity cannot be found by these methods in 
paramagnetic bodies so strongly influential as 
saturate solution of iron, ni^el or cobalt, it 
can hardly be expected to manifest itself by 
analogous actions in the much weaker cases of 
diamagnetic substances. 


2828. When a spherical paramagnetic con- 
ductor is placed midway m a field of equal mag- 
netic force, it occupies a place of unstable equi- 
Ubrium, from whi^, if it be displaced ever so 
little, it will continue to move until it has 
gained the iron boundary walls of the firid 
(2465, 2810); this is a consequence of its par- 
ticular polar condition. If the sphere were free 
to change its form, it would elongate in the di- 
rection of the magnetic axis; or if it were a sol- 
id of an elongated form, it would point arially, 
both consequences of its polar condition (281 1) . 

2829. So also in the case of diamagnetic bod* 
ies, their peculiar condition of pola^ty is showst 
by corresponding facts, namely, by a spherical 
portion having its place of stable equilibriiqn 
in the middle of the ma^etic field (2812), by 
a fluid portion tending to expand equatorially 
and become an oblate spheroid (2813), and by 
the equatorial pomting of an riongated poi^ 
tion (2812). If prints magnetic pries 
used, then the effects are vety much stiongm^ 
but are exactly the same in kind, and 
pendmt upon the same canseis end priar eon^ 
ditions. 

2830. 3here are another set of effbris 

duced, wlnrifc are either tibe mrits of the 
polarity just referred to, orrisejmaybeconrid- 
ered.as eonsequenees of the 


•Qwitoii^pKrtoof HVb tiokti sad tKdiUi^*ili «a««&ti«% 4«|iend- 

lM^4dit«B,.iaaficldofa(|Bdfot«e,ifnta^^ eat apon llie poww the 
ili«ldKte«t'ri|^tas(daitotheIiaBof>foMe, ently poaMi^ It, m welt ae the pomr w^h 
-ffiilih thfiir equatorial parte ia joxtapon- produoea it, is (ri each e naitur^ that ve cannot 
tiota,. a^arate from each (^er with oouMer- oonoava a mere tqiace void of matter to pos- 
idde poiiim (2814), and the probalnlity is that aeas eithor the one or theother, whatever fmm 
tM^ tofiaitely wesher bodim of the paramag- that apace may he euppoaed to have, or how* 
shriooUsswoidd separate in like nuumer: Two ever strong the lines of magnetic force paeautg 
' of phospiumiB, hong a diamagnetic acroas it. The polarity of a conductor is not 

iMhatanoe^ Imve been found also to separate neoeasarily of this kind; ia not due to a detcN 
tmder the same circumstances (2815). minate arrangement of the cause or source of 

2831. The motions here are of the same l^d, the magnetic action, which in its turn ovsn 
wdimas tiksy mifdif have been expected to be rules and determines the special direction of 
(he meise (2816) of each other; still they twe tiie lines of force (2807) ; but is simply i oonse- 
perfectly consistent. The diamagnetics oujhf quenoe of the condensation or expamon of 
to sepamte, fm: the Geld iastronger in lines of these lines of force, as the substance unw con- 
magnetic. force between tiiem tlum on the out- nderation is more or leas Gtted to conv^ thrir 
as may easily be seen by considering the inGuenoe onwards. It is evidmitiy a vary dif- 
two q>beree D D In Fig. 6; and therefore this ferent thing to originate such lines of 'power 
motion is connatent, and is in accordance gen- and detennim their direction on the one hand, 
etsMy witii tire opening or set equatorially, and only to assist or retard their progression 
•itiier of separate portimiB or df a continuous without any reference to their directicm on the 
mass ei su^ substances (2829), in thtir tend- other. SpealdngGguratively, thediffetencemay 
ewy to go from stronger to weaker places of be compared to that of a voltaic battery and 
iact^. On the other band, the two balls of the conducting wires, or substances, which 
tnm, P P, have weaker lines of force between connect its extremities. The stream of force 
thmn than <m the outside; and as their tend- passes through both, but it is the battery which 
is to pass frcmi weaker to stronger places originates it, and also determines its direction; 
^atihim &oyabwa^arateto fiilGltiie requi- the wire is only a better or worse oonduchw, 
nteccmditioncrf equilibrium of forces. Finaily, however by variation of form or quality it 
a paramagnetic and a diamagnetic body attract may diffuse, condense, or vary tim stream |of 
ea^other (2817);andtheyouihf ti>do 80 ,for power. 

tito diamagnetic body a {dace of weaker 2833. If tiiis distinction be admitted, we have 

aictkm. towwds (he paramagnetic body, and to connder whether iron, when under the in- 
. ^ patano^tio ai^teMe Gnds a place of Guence of lines of magnetic power, becomes a 
Jtomiim'actipmih tiie vicinity of thediamag- magnet and has its proper polarity, or is a 
bMw body, D]P, Ftg. d. mere paramagnetic conductor with conducting 

powms of the UghMt possible degree. In the 
Gnt place, it would have the real polarity of 
the magnet, in the second only that which I as- 
sign to oxygm and otiier conducting bodies. To 

my ndnd ^ iron is a magnet. It can be raised 



Fig. 6 


0832. 1 have fnqueotiy spoken of inm in lb 
iUBtraticm of tim action of paramagnetic cim- 
iUfltma, and eoaefainred the p(dar% adiioh it 
mqnirw ab the suae with that of these ooo* 
teetom; but I aaertsww make dear a distiao' 
tian, wfakh eaiate IK my aiwl, with legard to 
Ihe polarity of a magOBt, and the pdmity, as 1 
lumi sailed ttw ^e te amte ooaductioau This 


Xhetion luden m in ihd 

td born A paiwam«i msCMt has a 
kitsshtiAhh it jlosMiMid also by ife paa* 


as a source of lines of magnetic power to an ex- 
treme degree of eSergy in the deetio-magnet; 
and thoufhi when vwy sc^, it usually loses 
nOariy all tl^ power upon the oaasation d the 
electric current, yet suih is not the e^ift"^ 
mass of metal forms a continuous drouit or 
ring, for then it eao retaia tite foroe for hoiw 
and weeks togethar, and is evidently for ^e 
time an origiw aottree d power htdepraa^ 
of any vdt^ curmt. Henoe I think tbat^ 
iron under the iaiuenee ihiM d 
power beeomel i magqet; and thouih it 
has tlm aiuae Idad of pthi^y, as tn 



od/us»‘ mMtmsmvt 

the SMB UneB'bf iom^ fttiB; wM a jpeat Si- f 

fereiii^; asllie mtern^ pakiictes^df ii^ be- 2836. IHn beatiii&liMand^ of FiAcUu ia 

, ^ reUktbntomag&eoptictilteiionie^ 

netistHi bo th^ pebflty bi eomlated and eom- been f oTgottoi, aad I hoj^ titat my own expeiv 
binedtogetiieir intb a polar 'vi^lM^eiT^bic^y being iments on magnecrystaUie leanltB (2454, dee*) 
infiidt)^ more Mtense, noay abo be i^ery dii^ are remednbered in ooi]junctio& with hia; tha 
ferordfin the idispoBtldon of ite fbroe in diffarent phenomena described by ub are, as 1 bdleve, 
parts, to that equivatoit to polarity, which a due to a oommon cause, and are the a ame in 
mere oonduotor possesses. kind; and as lar as ^ey are jpresOhted pma 

2834* It appears to me abo as very probaHe transpMent bodies, are I think bsroi^t by 
thsit when iron, nick^ and cobalt, are heated Piticker into ^proper rebtition to the positiNhs 
up to the lefspeStive temperature nt whicdi and negative optic aisdsdfsudi bodies.^ In tho^ 

theylOBetheirwcmderfuldegreeofpoTOr(2347) cases a eryst^lsne body sets 
and retain only so small a portion of it as to re*^ takes up a paitbiriar posirion when placed in k 
quire the most sensil^ t^ to make it mani- field of magnerie force (2464, ^76i, 2550), witb^ 
fest (2343) , they th^ have passed into die con« out reference to its paramagnetic or diamagf 
dition of paramagnetic conductors, have lost netic character (2562), and abo withoid^/iis^ 
all ability to acquire that state of internal po- suming any state which it ean on its removdl 
brity they could assume as magnets, and now bring away with it (2504). 
have no c^her polarity than that which belongs 2^7. If the idea of conductiem be appUed to 

to diem as masses of paramagnedc matter these magnecryrtallie bodies, H would seem to 
(2819). It b abo probaUe that in many states sadsfy ail that requires mEplanation in thudr 
of combmadon these met^ may take up the sped^ results. A magneurystellki subsist 
mere conductingstate; for instance, that whilst would then be one wlfich in the erystafliied 
in the protoxide, iron may constitute a magnet, state could conduct onwards, or permit the ent 

mthe peroxide it bonlyac(mductor;andinthb ertion of die magnetic force with morefac^iy 
respect it is not a litde curious to find oxygmi, in one directum than another; and ^that Sxto- 
which as a gas b a paramagnetic body (2782), don would be the magnecrystallie axb. Hebee, 
reducing iron down to, and indeed br below when in the mapiedo field, themagoeerystal^ 
its own con(lid<m, weight for weight. In their ads would be urged into a position ooinddSib 
various salts abo and soludons, these metab withtbemagnedeaid8,byaloroecormpondM 
may, in conjunction with the combined mat- to that difference, just as if two different bodieii 
ter, be acting only as conductors. were tekm, when the one with the greater coc^ 

2835. Perlmps 1 ou^t imt to have called the duedng power dbplaoes that which b wedrei!^ 
condidon d ooncentration or expanrion of the 2838. The effect of position would thualm 
lines of magnedc force in the b<^e8 aodng as accounted for (2586); abo the greater 
conductors a poiarUy, inabnodi as true mag- ness for magnetic oonduedon in one diredioii 
nedc polarity depends essentially and endrdy than in an<^m* (2388, 2581): and, what , 
on the direcHon of the line of force, and not cm peered to me rean ano^y intlmsupposidi^ 
any mere oompiession or dvergenee of these that a line of foree ooald Mve l^6rence^k^:«•:' 
lines. I have done so only that 1 mic^t point ferendy to any part ql ia pbne (2606) 
with the mme famlity to facto and views thkt pears. That bret diould t^e away .tbb ;c<% 
kaveheretoforebeen associated with smneeup- duettog power (2570) seraed pmlet^ccmaMp 
posed polarity ki die bodies which, wheito entwidiwhatwelmtiw ofthe^eet ofheat^^^ 
Paimagpredetn'diaina^ the magnedc ^tdltton of iren, oxygen, 

eid^mg ae mere oonduetois, and I hope that imd dbo upem tbe qonduotb^ power at# 
no tn^dcB Of iqy mekuomg will arise in eonsef- tridty mrechoa8esMpbdhuim,8ulidixu^ 
queues; 1 have already asked for hberty ver,^FmaBy,iheimmiptknidid not^appear 
m the use of fduwses <Snre renducfiap inconsbtent with the stote which the IMb 
Ac.) (2149/27^) as ntoy, for the dme, seems to assume for the time during whUh it 
Kt iiMfi^ from tire bondage ^precon^ b under tlm magnedc force (2669, Ae.).^ 

^oBBj tiieae are, for tiiat very reaB», o*- , iaw»twlii-lw.tottoiffli)ortM>ti 

<’««fo>gbraaefot,]yiti;/^ TradiOt taA HlKnoliUnA 

mm, W. 

Bot «ds^«f fooeomw foMn^ lnSSSSSt»’M^gilim. iMA.'micciiiri:#. 

a titoiiqitufortiitiai fodn. , 
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28304 But if Aicb a wm correct^ it 
would a|>p^ ^ follow that a diamagnetic 
body like bismuth ought to be less diamagnetic 
whfik its magnecrysbUliC' axis is parallel (as 
nearly as may be) to the magnetic axis, than 
when it is perpendicular to it. In the two posi- 
tions it should be equivalent to two substances 
having different conducting powers for mag- 
netism, and therefore, if submitted to tiie dif- 
lerential balance, ought to. present differmitial 
iribenomena, corresponding in kind to those of 
. oxygen and nitrogen (2774) , or phosphonis and 
bimdth, or any other two c^eiing bodies. 
Though I have given certain results on a for- 
mer occasion wMch seemed to bear on this 
. point (2551, 2552, 2553), they are not satis- 
factory in the present state of our knowledge, 
because the difference, if any, would be small 
X2552), and quickly hidden by the emplo 3 ntnent 
of a single pointed pole. Other experiments, 
formerly described (2354-2561), would not 
show a small difference in diamagnetic force 
(though quitefitted for their intended purpose), 
because they were made with flat-faced poles, 
and a held nearly equal in magnetic power. 

2840. Ihe differential torsion balance (2773) 
enabled me to return to this matter with bet^ 
ter hopes of success. A consistent group of bis- 
muth Gr 3 mtals was selected (2457) and hung up 
on one side of the double cone core (2738), 
whikt a cylinder of fiint-glasB was opposed fo 
it OB the other. Theflint-glass was to be a stand- 
ard of reference, and theref(n*e neither its 
place on the balance nor condition was altered 
. during the experiment. The bismuth group was 
fdaeed witii its magnecrystallic axis horisontal, 
and so that it could be turned in a horizontal 
; plane, that the axis might be at one time par- 
! alld to the magnetic axis (or lines of force), 
andat other times perpendicular to it, but with- 
out any alteratbn of the distance of its centre 
of gravity fimn tiie opposed glass cylinder^ 
Hence, having either one position or jhe other, 
It could still be compared with the cylinder. 

. 2841. Themagneerystallicaxiswasfirst made 
pamM to the core or magnetic axis, the msg- 
netio pow^ devdoped, aod when the diamag- 
nettebodieii had taken their position of rest or 
sfoUe equilibrium,. ti»e place of the balance 
lew was ic^rved jtnd recorded by means of 
a my of effected from a mirror attached 
fo Th^ the bismuth was turned through 
or.uart^ aas wae per^ 

to the asds of tbe double cone core; 
^ m^^'w^ exdted, the 
oi ^ biiwutii was found to be fartimr 


out from the core than before. On being tiim^ 
through 9(f merer so as to be in a position di-r 
ametral to the first (2461), its place was.again 
a little nearer to the magnet; and when in the 
fourth position, which is diametral to the sec- 
ond, then it was farther out. Thus the crys- 
tallized bismuth proved to be diamagnetic in 
different degrees, according with certain dimo- 
tions of its magnecrystallic axis, being mors 
diamagnetic when this axis was perpendicular 
or tmnsverse to the lines of magnetic force, 
than when it was parallel to them;and thust^ 
expectation founded upon theoretical conrid- 
erations (2889) was confirmed. j 

2842. 1 tried to obtain similar results with a 
cube of calcareous spar (2597) ; for it is evident 
that if its optic axis, being in a hoi^ntal 
plane, is first placed parallel to the m%netio 
axis and then perpendicular to it, the body 
ought to be more diamagnetic in the first po^ 
sition than in the second, inasmuch as the lat- 
ter is the position which it takes up under the 
influence of its magnecrystallic or magneoptic 
condition. I could not however obtain any dis- 
tinct results, partly because its power is in aU 
respects very inferior to the bismuth, partly 
because of the present imperfection of my tor- 
sion balance, and partly because of the size 
and shape of the calcareous spar. A sphere or a 
cylinder, having the optic axis perpendicular 
to the axb of the cylinder, would be more cor- 
rect as forms of the substances to be tried. 

2843. In concluding this part of the subject 
relating to the magnetic conducting power, 1 
will now refer to some of the cases which I 
think experimentally establish its existence in 
the two subdivisions of magnetic bodies (2805). 
The place and position of iron in a field of 
equal force (2810, 2811) is no doubt a result of 
the extraordinary power which this body has 
of transmitting ^e ma^etic force across, the 
space whidh it occupies, whether the particlee 
of tiie iron be considered as polar or not ( 2832 ), 
and tfierefore I accept the converse phenemena 
as to place and , position of a diamagnetic body 
(2812, 2813) as proof that it has l^s power of 
transmitting the magnetic force than the spaice 
it occupies, and from that conclude that it con- 
ducts ^amagnetiddly (2802) . 

2844. The separation of paramagnetic bodke 
in the equatm'ial direction is a proof of ^ths 
mmmer in wldeh, by their better conduetipf) 
they disturb tisie position of the lines of force 
the medium anmnd tbwn ( 2831)4 l^e eopsrn- 
tion of two diiuzn^pneticbod^ 
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ehtmnuitaiioes, an equal pr^ of the msnn^ 
in which, of conductmg power, 

they Bi\BO disturb the dispositioii of the force 
(2831). The equatorial attraction of a parar 
magnetic and a diamignetio body for each 
other, when they are in a medium, which in 
conducting power is between the two (2831) 
is a proof not only of conduction in both but 
ako of their reverse condition in reject to each 
other and the medium. 

2845. The place of a crystal of bismuth, ei- 
ther nearer to or farther from the magnetic axis 
(2841), according as its magnecr 3 rstallic axis is 
parallel or perpendicular to the axial line, is 
also a case of the difference of conducting pow- 
er, and therefore of the possession of that pow- 
er by the diamagnetic body. Many other cases 
might be quoted in illustration of the existence 
of that power which I assumed as conducting 
power (2797), and which probably nobody may 
be inclined to deny. I will suppose that the 
above are enough to explain my meaning. 

2846. It is hardly necessary for me to say 
that magnetic conduction does not mean elec- 
tro-conduction, or anything like it. The very 
best electro-conductors, as silver, gold and cop- 
per, are below mere space in their ability to fa- 
vour the transmission of magnetic force, so de- 
ficient are they in what I have called magnetic 
conduction. There is a striking analogy be- 
tween this conduction of magnetic force and 
what I formerly called specific inductive capac- 
ity (1252, &c.) in relation to static electricity, 
which I hope will lead to further development 
of the manner in which lines of power are affec- 
ted in bodies, and in part transmitted by them. 

i 33. Atmospheric Magnetism^ 

If 1. General Principles 

2847. It is to me an impossible thing to per- 
ceive, that two-ninths of the atmosphere by 

, ‘ A iDost important paper by Professor Christie, 
‘On the Theory of the Diurnal Variation of the 
JJagnetio Neecue/* appears in the PhUoaophieal 
Tmiuaetiona for 1827, p. 308. Led by the discoveries 
of ^beck in thermo-magnetism and the experiments 
of Gumming, he was induced to search how far the 
Idea of ihermo-currents or thermo-magnetic polar- 
Would apply to the natural phenomena, and con- 
juudes (p. 327), that, admitting that the earth and 
aimoephere are substances in which such action 
oan under any otrcumstanoes take place^ these ex-r 
Penments would indicate that any portion of Um 
ntrth bounded by parallel pktnea wuh the atmosphere 
^rrounding itt nmdd become ttmUavlp polaHited ^ 
ow pari were more hooded than another. Thus oopsid- 
J25*.^ne ihe equatorial regions o/ the 
J^ld have two mognotie poles on ths norths side; 

ow the^sa^hern side fwe omiMy poqiMi 
JJw poles c/ mffereninames ho^ opposed to each other 
^^contrwy sides of 


weight, is a body; tb 

great in its^ tnagnetic dtamefter, by 

variation^ in its phye^ conations of tempei^ 
ature and eondensatibn or rarefaction (23^j 
and at the same timeeubject to these physical 
changes in a high degree, by annual and diur^ 
nal variations, in its relation to the sun, without 
being pemiaded that it must havemueh to do 
with the disposition of the magnetic forces u|i- 
on the surface of the earth (2796), and may 
perhaps account for a large part of the annual, 
diurnal and irregular variations, for lAort pe» 
riods, which are found to occur in relation to 
that power. I cannot pretend to discuss this 
peat question with much understanding, see- 
ing that I have very little of that special know- 
ledge which has b^ accumulated by the ex- 
ertions of the great and distinguished labourers, 
Humboldt, Hansteen, Arago, Gauss, Sabine, 

I ought to refer the readers of my paper to a the- 
ory of the cause at the daily variations by M. A. de 
la Rive, founded upon the idea of thermo-electric 
currents in the atmosphere and earth; it wifi bC 
found in a memoir entitled ^*On the Diurnal Vmia* 
tion of the Magnetic Needle,'* Annales de Chimiet 
1849, XXV. p. 310. 

A friend has recently called my attention to all 
observation by M. £. Beequerel, which has refer^Mse 
to the present subject, and is in the following words. 
*Tf we reflect that the earth is encompassed by a 
mass of air, equivalent in weight to a layer of mer- 
cury of 30 inches, we may inquire whether such a 
mass of magnetic gas, continually agitated and sub- 
mitted to the regular and irregular variations d 
pressure and temperature does not intervene ^ 
some of the phenomena dependent on terrestrial 
magnetism. If we calculate in fact what is the mag- 
netic force of this fluid mass, we fiiid that it is equiv- 
alent to an immense plate of iron, of a thickness a 
little more than Vioth of a millimetre of diameter (?). 
and which covers, the whole surface of the globe.'* 
This passage is at pp. 341, 3^, of Vol. XXVIH, 
Annoles de Chimio^ 1850, being contained in an ex- 
cellent memoir, in which the author has well worked 
out those differential actions of different medigi 
which I developed generally fixe years ago; JBxpeti^ 
mental Researches, 2357, 2361, 2406, 2414, 2423, Ac. 
By such means be has rediscovered the magnetic 
character of oxvgen and taken measurements of its 
force, being evidently unacquainted with the account 
that I gave of this substance in relation to nitrogCst 
and other gases three years ago, in a letter ^bliidM 
in the Philosophical Maqaeine lor 1847, Vol. XXJyC 
p. 401, and also in Boggendorifs Amuden and dse^ 
where; hence the obs^vations above. I cannot won- 
der at this, for I myself was not aware of M. B. BeOr 
querel's paper until vs^y lately. In m^ letter of ISw, 
I speak of oxygen as b^g magnetic in common 
p. 410; in carlranio acid, p. 414; in coal gas, p. 415; 
in hydrogen, p. 415, its power then being equu to its 
gravity. 1 say that air owes its place to the oxyssn 
and nitrogen in it, p. 416, and tried to separate 
constituents by attracting the oxygen and repmng 
the nitrogen. At the end of the paper 1 hesitate ittde- 
dding where the true lero b^ween magnetic and 
diamagnetic bodies is to be placed, and refer to ihe 
atmoqpfaere as being liable to affections under tins 
magnetic influence of the earth. It was these old re- 
sults which led me on to the present researehes. 
— M. P. Nov. 28. 1850. 





awl 

<H»ly a* twywtiji4 magpelte W>w tlM(^ 
of tte wlu^ eeuth. But ut it hat faOm to my 
lot to iatroduoo oertain fundamoital pbyactd 
faota, and as I have naturally thouc^t much 
upon ti»e geoeral prindides Whieh tend to es- 
tablish th^ relation to the magnetic actions 
of tiw atmosphere, I may be allowed to state 
these principles as weU as I can, that o^ers 
laay plaosd in possesskm of the subject. If 
^ principlee are right, they vrill eoon fizid thor 
special application to magnetic phenomena as 
they occur at various parts of the ^obe. 

SSiS. The eartii presents us with a sfheroid- 
al body, which, contisting of both paramagnet- 
ic and diamagnetic substances, disposed with 
much irregul^ty as regards its large divinons 
of earth ocean, are also equally irregularly 
jcjjiSPOBed and intermin^ed in its smaller por- 
tions. Neverthtiees it is, on the whole, a mag- 
net, and, as far as we at this mmnent are con- 
cerned, an orighud source of that power. And 
Ihou^ we cannot concave at present that ail 
the particles of the earth contribute, as sources, 
to its mi^etism, inasmuch as many of them 
WM diami^etic, and many non-conductors of 
electiie currents, yet it is difScult to say that 
any large portion is not cmrcemed in the pro- 
dueticm of the force; hereafter it may be neces- 
saiy, perhaps, to consider certain parts as mere 
oonductors, Le., as parts merely permeated by 
the Hnes of force, origiiuiting di^here, but for 
the present tire whole may be assumed, accord- 
ing to tile theory of Gauss, as a mi^ty com- 
pound magnet. 

2S40. The magnetic fome of this great sys- 
Vtfo. is dupoaed with a certain degree of re^- 
krity. We have the opportunity of recognising 
it as it is exhibit^ in one shell or surface, 
Vtiddi, being very irregular In form, is always 
ihtt same to us, for we rarely, if ever, pass out of 
% car if tvs do, as in a balloon, only to an insen* 
lible axtent. Ihu Is the surface of the earth 
ahd tmter of our planet. The ma^etic lines of 
loMS which pass in or across (ftts lurfaee are 
made knomi to us, as reflects thtir direction 
wad intensity, by thdr aethm <m nnali stand- 
atd magnets; but their average coune or their 
tmgmmvy vhrietiom Mew dkw, Le., in ti^ 
air shove, or the earth beneath, era only dim^ 
fcratiffldod by varietknia of the force at thesur- 
ttm of the earth, and these variatioiu are so 
fimited in tbsir infonmlition, that tiiey do not 
fill Ui Whetimr tito eamw ie itimve or IMow. 

The iinee ctf foam Iseue hom the earth 
awtiiem and timtham pai^ 
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eqtt«toriftI parte. Their dfepoc^n is 
represented byihesyBte«Q^whiohemaikatQBfn^ 
a globe having within one or two short inagnets 
adjusted in lotion to the am There seen^ 
reason to believe, from the analogy of such 
globes to the earth, tiiat the lines of magnetic 
force which proceed from the earth reitum to it; 
but in their circuitous course they may extend 
througd^ space to a distance of many diami^rs 
of the earth, to tens of thousands of miles. 
Messrs. Gay^-Lussac and Biot, in their ascent in 
aballoon, perceived someindication of adiminu- 
tbn in thd intensity of the magnetic foice at a 
height of about four miles from the surface; but 
we shall shortly perceive that they migllb be at 
the time in the midst of influences sufficient to 
account for all the effect, so that non^ of it 
might be occasioned by removal from the earth 
as a magnet. The increase of the intensity of 
the magnetic force, as we proceed from the 
equator towards the poles, accords with the 
idea of the enormous extension of this power. 

2851. These lines proceed through space with 
a certain degree of keility, of which a general 
idea may be gained from ordinary knowledge, 
or from experiments and observations former* 
ly made (2787). Whether there are any circum- 
stances which can affect their passage through 
mere space, and so cause variations in their 
condition ; whether variations in what has been 
called the temperature of space could, if they 
occurred, alter its power of transmitting the 
magnetic influence, are questions which can- 
not be answ^ed at present, although the lat- 
ter does not seem to be entirely beyond the 
reach of experiment. 

2852. This space forma the great abyss into 
which such lines of force as we are able to take 
cognisance of by our observing instruments, 
wMch issue from the earth, proc!^, at least at 
all parts of the globe whm there is a sensible 
dip. But, as it were, between the earth and 
this space, there is interposed the atmosphere; 
which, however consaderable we may estimate 
it in heijd^t, is so small when compi^ to the 
ease of the eaith, or to the extent of spaee be- 
yond it into which the lines of force pass, that 
tine idea of its b^ng a changeable, active some- 
thing interposed between two systems far more 
ext^ve and steady in their nature and een- 
di^<m, wffl not lead to any serious error. It b 
at the bottom of this atmospbere that we w 
and make our inquiiieB, whettwr by obsw^ 
vatioQ or experiment 





2888. 'libs Maaoqiim oimriBte, f« lar M «m 
are ootteemed &t preeeDt, ef fimr volumee d 
niisrogw and 'one volume of oxygen, or by 
veii^t, three end » half parts of the fbmwr 
and obe part of the latter^-These substaaoes 
are nearly unifonnly mixed throughout, so that, 
as reg^urds their manner of investing Ihe earth, 
they aet magnetically as a smgle medium; nor 
does there seem to be any tendency in the ter- 
restrial magnetie forces to cause thmr separa- 
tion,* though they differ very strikingly in their 
coni^ution as regards this power. 

2854. TAemhvpen of the sir does not appear 
to be either paramagnetic or diamagnetic; if 
removed from smo, in either of these respects, 
it is only to a very small extent (2783, 2784). 
Whether dense or rare, it has apparently the 
same relation to and equality with space, as 
far as the presmit mesne of observation have 
proceeded. As respects the other element 
change, namely, temparature, I concluded, from 
former imperfect experiments,* that nitrogen 
became more diamagnetic when heated than 
before; but as it was then mixed with the oxy- 
gen of the air, and the results were ming^ to- 
gether, 1 have, for the purposes of the present 
research, repeated the experiments far more 
carefully. 

2855. A small hdix of platinum wire, fixed at 
the end of thicker copper wires, could be placed 
in any position beneath (he poles of the great 
electro-magnet, and bang ignited by a vdtuo 
battery, swved to raise the temperature of the 
gas around it. Ihe magnetic poles were raised; 
were terminated by hemispheres of soft iron 
0.76 of an inch in diameter and 0.2 of an inch 
apart; and were covered by a glass shade, rest- 
ing upon a thick flat bed of vulcanised caout- 
chouc. A tube passed through the bed, riong 
up to the top of the diade, by which any re- 
quired gas could be introduce. A very thin 
plate of miea, about 3 inches square, was oov- 
raed ^tii an attenuated coat of wax on the up- 
per ffld^ and fixed horisontally over the mag- 
uetio pdes within the shade. The small plat- 
inum helix was so placed as to be bmeath the 
■puce, between the pdes, and a little oa one 
^e of the aidal Mae, so that a current eff hot 
■if nsiag i^iwacds from it, could paas to the 
picujdate, aadhy amltiiig the wax show where 
d came aggutist tiM mioa. 

2866. AM aetM exeeedingly well, air btisg k 
dtedk. When there was no/maggsetic 

iftgasteii id<7, Vel iXXSL, p. 


power od, tiM lied ah fitett the ignited faettxl^ 
parpendioulariy, and mslMi a neat round piii- 
tiem of the wax, ahowkg the place of the ea»- 
rent under natural efaeumstejnees; but wtoi 
the magnet waa thrown into action, tiun tte 
wax on the mica remained unchang^ tim hot 
air being thrown ao far away from the aa^ 
'line, and «o eooied by its forcMde mixture wik 
the nmghbouring air, as to be unable to molt a 
spot of wax anywhew. The moment the mag- 
netic power was suspended, the odumn of hot 
air rose vertically and regained its oii^nai po- 
rtion. 

2857. Carbmie a6id gat wss then smt into 

the shade, until twice as much as the contents 
of the shade bad passed through the pipe 
(2855) ; but as it was heavy and the common 
mr could make its way out only at the bottom 
of the shade, there was no doubt air mixed 
with the carbonic add, which at last romuned 
about the pdee. The platinum ooM being now 
heated, the column of hot gas rose vertiedly, 
as bdore. On putting on the magnetic force it 
was deflected from the axial line, passing equa- 
torially, and melted the wax about half an inch 
off from the former place. Bdieving that even 
this effect might be due to the air minted with 
the gas, other two volumes of carbonic add gas 
were directed into and tiiroutdi the vesed. Aith 
er this the magnetic force caused much lass de- 
flection of the rising column. Two volumse 
more of carbonic acid were sent through, and 
now the hot current of gas rose so nem-ly vette- 
oal that th«e was soaredy any sendbie dif- 
ference of its place when the magnetie power 
was in frdl action, or when it was entirdy ab- 
sent. Hence I conclude that carbonic add 'gas 
is very Mttie aSeeted in its diamagnetic r^ 
tioQB by a difference of temperature equal te 
that b^emi natural tomperaturaa aad>a frlM 
red heat. > 

2858. N&rogm. Uhl gas was prepated by 
paaaing cemumm air slowfy ovnr burning pfawa- 
phoniB, and after being wadted for twdw or 
fourteen houra, was sent kto the shade so as t* 
(Msidace the oarbonie add. As it was MghkI 
thim the lattw, it performed that service owv 
well, and tiie partion r ematnm g k the teWMi 
pinfaflldyecetidiied no other oxygen (W ok ikkii 
that it eanried k with it. This ktarogeo bshkt 
tbenbeatedlqrthe platinum eoii, wnsahnoetoo 
kefifforent to the magjMt as thetarbentewdUk 
The heated eohimn rose (ncaily} lct<db» nhi* 
qwt agdate tiw mica, wtidhte ^ 

powte ww adive os not. U went4mtonmte 
equatoikMy a very smaU degree vdMiilOtont* 
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tMst but this I attributed te a little 

o3cygeaatill left uri^h the zutrogeii;4uid indeed 
uiMc oxide gas shows oxygen in nitrog^ so 
peepa^. Theplatkumcoil wasraisedtoash^ 
a tMperatuze as it could well support without 
fusion, and yet there was only tl^ smidl effect 
senriUe; hence 1 conclude that hot nitrogen is 
not more diamagnetic than edd nitrogen, and 
that indeed its magnetic relation is noways al- 
leeted by such change of temperature. 

2859. I raised the French shade (2855) an 
inch for a moment, and then instanti]^ placed 
it down again; and now, on making the mag* 
net active and the coil hot, there was so much 
effect of dispersion of the gas within that the 
melted spot of wax appeared nearly an indbi 
outside of the standard place, yet oiiy a very 
-small portion cff air or of oxygen could have 
entered the vessel under these circumstances. 

, 2860. The nitrogen of the air is therefore, as 
regards the magnetic force, a very indifferent 
b^y; it does not appear to be either paramag- 
netic or diamagnetic; ndther does it preseut 
any difference in its rriation, whether it be 
dense or rare, or at high or low temperatures. I 
formerly found that the diamagnetic metals, 
when heated, did not seem to change in their 
relation to the magnet (2397), and this now 
appears to be the case with such neutral or dia- 
magnetic bodies as nitrogen and carbonic acid 
fiases. 

2861. Thu oxyffen of the air differs in a most 
extraordinary degree from the nitrogen. It is 
highlyp£uramagnetic,bein^, bulk for bulk, eqiuv- 
al^t to a solution of protosulphate of iron, 
eontaSning, of tiie crystallized i^t, sevente^ 
■times the wright of ^e oxygen (2794). It be- 
ccHues less paramagnetic, volume for volume 
<2780), as it is rarefied, and apparently in the 
irimpje proportion of its rarefaction, the tem- 
perature remaining the same. When its tem- 
is raiaedj the e^ansion consequent 
being permitted,^ it loses very greariy 
of iis pamimSgnetic force; and there is sufScient 
4 ssaian, Irom a . former result with air,’ to con- 
thal^ its temperature isiowared its 
condhicai is exalted. How much 
intensity might be uunreased 
it to the iemperature of freesing 
at Ae north pr south poles of the 
mx&f waeannot aipresimi tell. Thou^ a gai^ 

iron, nick* 

jMfrOr cmas^ wh^ Ihey me wdtUn I3mranga<cff 

eaa. 


anditmi^, peiiiaps, hke them, rise by cooling 
to a very hi^ state. 

2862. These rdations it presses when min*, 
fi^ed with nitrogen in the air, as long as its 
ihysical and chemical conditions remain un* 
ch^ged; but it is not irrelevant to remarl^ 
that every operation by which this active part 
of the atmosphere changes in its nature and 
passes into combinations, takes away Hs para- 
magnetic powers, whether the reffldt be solid, 
liquid or gaseous. 

2863. Hence the atmosphere is, in common 
phrase, a highly magnetic medium. The air 
that st^ds upon every square foot of surface 
on the earth, is equiv^ent, in magnet^ force, 
to 8160 lbs. of crystallized protosulp^te of 
iron (2794, 2861). This medium is, by every 
change in its density, whether of the idlnd m- 
dicated by the barometer, or caused by the 
presence or absence of the sun, changed in its 
magnetic rdations. Further, every variation of 
temperature produces apparently its own 
dhange of force, in addition to that caused by 
the mere expansion or contraction in volume, 
and none of these alterations can happen with-^ 
out affecting the magnetic force emanating 
from the earth, and causing variations, both 
in its intensity and direction, at the earth’s 
surface. Whether these changes are in the right 
direction and sufficient in quantity to supply a 
cause for the variations of the terrestrial mag- 
netic power is the point now to be considered, 
for the illustration of which I will endeavour to 
construct a type case, and then apply it, as 
well as I can, to the natural facts. 

2864. Let us assume the existence of two 

globes of air distinct from the surrounding at- 
mosphere, by a difference of temperature or by 
a difference of density: the assumption is not 
too extravagant for an illustration, since Prout 
riiowed that there were masses of air, larger or 
smaller, floating about in the atmosphere, and 
angularly distinctfrom the surrounding parts, 
by temperature and other circumstances.' Not 
to complicate the expression, we will leave out 
cff view, at present, the attenuation upwards, 
and will consider one (ri these globes as tK’Urtx 
denser than the contiguous pa^ and Ihat^ 
» m a portion of space which without it would 
present a field of equd; magnerie foree, 
having parallel lines of equal intenrity 
nassinst amnsB-k. ^ 

raeh a 

it occu|<!aii 

Kipeii(», in that leqieot* to tiieliuvoHhiiDl 
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atbodphe^ or space, and therefoie more Hnee 
of nug&etic force will pass through it than dse^ 
where (2809). The dkiposition of these hues, in 
respect to the line of the dip of the place, nnH 
be something like what is represented in Fig. 7 
(2874), and consequently the ^obe wSl be po- 
larised as a conductor (2821, 2822) of the para- 
magnetic class. Hence the intensity of the mag- 
netic force and its direction will vary, not only 
within hut without the globe, and these wiU 
vary in opposite directions, in different places, 
under the influence of laws which are perfectly 
regular and well known. 

2866. First, as regards the intensity^ which 
before was uniform (2864). If the intensity is 
to be considered as expressing the amount of 
force which passes through any given place, 
then, in consequence of the definite amount of 
power which belongs to any section, as a a, of 
a given amount of lines of magnetic force (2809) , 
a concentration of these lines towards the mid- 
dle, P, will cause an increase of intensity at 
that part, and a diminution at some other 
parts, as h h, from whence the influence of the 
power has been partly removed. Hence, sup- 
poring the normal condition to exist at a, if a 
test of intensity were carried from a to P, it 
would gradually enter parts h and c, in which 
the intensity was less than the normal condi- 
tion, and these might be either without or with- 
in the globe P, or both (according to its tem- 
perature relative to the surrounding air, its 
size and other circumstances); it would then 
arrive at parts having the normal intensity; 
and lastly, at parts, P, having an intensity 
greater than the surrounding space; as it went 
outwards, on the opporite side of P, corre- 
sponding variations would occur in the reverse 
order. 

2867. On transporting the test upwards, in 
the direction of the dip from e, where the in- 
tensity may be considered as normal, it would 
gradually occupy positions at / g, &c., in which 
the intensity would increase until it arrived at 
P, after which it would pass through places of 
1 m and less intensity, until at p it woi^d again 
find the force in the normal stote. If the test, 

being carried upwards, be not taken ^dong 
fte ims of the dip, them it will of ^urse pass 
throu^ Variations' like those described on the 
line a P, growing more aSMl more in extent until 
the direcldon cornddes with the line a P, which 
katrightetogles to thedip and where theyaio 

a mcudminsi. Hence, to pass upwards through 
a of edd aii^ in our latitude, where 
thdikp aod^at tihe equatoTi wdiere 


it is (P, would be a yery dffierent matter, ahd 
the necessary natural results of sudi a diffeis 
ence ought to appear hereafter, 

2868. But a magnetic needle or bar is not % 
test of such intensity, i.e., it will not tell the»e 
differences, or it may tell them in a contrary 
direction. To understand this point, we have 
to consider that a needle vibrates by gathering 
upon itself, because of its magnetic condition 
and polarity, a certain amount of the lines of 
force, which would otherwise traverse the space 
about it; and assuming that it underwent no 
change by change of temperature, it would be 
affected in proportion to any variations in the 
intensity of these lines, provided everything 
else remained the same. But being under nat^ 
Ural circumstances surrounded by the atmos- 
phere, which is a medium liaUe to variation in 
its magnetic condition, both by heat and rare- 
faction, and by these variations affects the in- 
tensity or quantity of the force, it will va^y in 
its indications by variations in these condi- 
tions. Thus, for instance, if it were in a large 
sphere of oxygen, I expect that it would, by its 
number of vibrations or otherwise, indicate a 
certain intensity; if the oxygen were expand- 
ed, that it would indicate a higher intensity, 
although the same amount of lines of force 
and magnetic energy were passmg through the 
oxygen as before. If the oxygen were made 
dense, then becoming a better conductor, 1 
presume it would convey onwards more of 
force and the magnet Zees, for the power would 
be partly transferred from the unchanging mag- 
net to the improving conductor around it. 

2869. These experiments can hardly be made 
with oxygen except by means of extremely dd- 
icate apparatus, but like effects are easily 
shown experimentally in selected analogous 
cases. Thus let a thin small tube of flint-glass, 
about 1 inch long and ^ an inch in diameter, 
be filled with a saturated solution of protosul- 
phate of iron, and Suspmided horizontally by 
cocoon-silk (2279) between the poles of thie 
electro-magnet, in a vessel which may riUier 
contain air or water, or other media (2l^)* 111 
air it will point asdaily, mid will be analogous 
to a needle under the earth’s influence, anri ^ 
will point with a certain amount of fo^. ^ 
the vessd with water, and now it wifi pouii 
'irith more force than before, though’ the Watsir 
18 ' a worse magnetic conductor tifian the^ 
Which was previously feere; and Wh pte&OiiM 
because the water ts a worse eondimlus ^^it 
the Uquid magnet or test indksites' 
Incr^^eondud^ 







0 idp 1 ia;(e. of u?on to it^' 
^ioc^caljoa of streo^ iny the tube goes 
on di&dnifihmg, first returning to the degree of 
it had in air, and then desoencfing to 
gradations^ for it letoims with, tees and 
Jo^e to 4ta axial position, when disiw)}ed 
it. Bo the magnetic needle employjeid for 
ni^uring mtensity or i^agnette 
alG^e, meaning is at present understood by the 
%ym terms) indicates, in a certain manner, the 
|K>wer thiown upon itself and) 1 conclude, ac- 
curately, provided the condition of the sur- 
rounding medium remains magnetically un- 
changed; but if it be placed in <Merent mec^ 
or in an altering medium, I expect that it will 
hot measure accurately the intensity in them, 
Le. it will not measure directly the amount of 
force passing relatively throuj^ them. The dif* 
rimncein air under different conditions would 
be. vcsy small, still it is that difference which 
cpncerns us in atmospheric magnetism; and it |b 
very important to know whether, when the 
magnet indicates an increased intensity of 
force, it is altogether due to a real increase of 
the amount of the power at its source as it 
comes to us from the earth, or m part to a 
changein the magnetic constitution of thespace 
nroimd the magnet hitherto unknown to us. . 

, 12870. If what is npw often indffierently called 
magnetic force or intensity have its results 
^tinguished as of two kmds» namely, those of 
fSpearUity and those of tension, then we shall 
more readily comprehend this matter. At presh 
& needle shows both these as magnetic 
forces xnaking no distinction between them, yet 
tM^ peduoe ^ects on it often in oppomte di- 
miptim^; for ast they increase or diminish they 
thsnnedte alike; but asitiaassumed 
Jmt the tene^ can change whilst the qaanr 
thesam^^ and the quaniity can be 
altered, yet the tendon remain unaffected^ the 
result by the needle will then be uncertain. If 
tito ^don m a jpven i^<m be in^cased^by 
ddmintehuig the eonducting power, 9ie needle 
wiU show mereaeed force; if it be increased fay an 
hmreaee of magnetic power in the earth from 
flememtemal actimi, the needle will still show 
efiemas^d/me, m^id not distingi^ theone 
effect, fiiom the other. If the quantity in a m- 
gkm be increased by hioreadng the conducting 
power, the nee^.v^ show no such increase; 
on the contowy,. it wiQ indicate dimimition ol 
is 4}umnished;(oa'!if 
\:#ie quantity >he dhpintehed by diminishing the 

fv^ 


should show no chai^; er it g/m k 
quantity and lose m teiksion, and the needle 
still be entirely ind^erent to tfae whole result 

If my view be correct, thi^ the mag- 
net is noti^aaat present a^plieci^ apedeetmeas- 
ure of the earth’s maimetic foaree; for that may 
not change when the magaet^ by tbe. infiuence 
of the d^erent conditions of <foy and m#t, at 
of summer and winter, may show a djyffe^^nee. 
How far these uncertainties in its indication 
my ^ect the value of the observations made 
on the horizontal and vertical components of 
the eart^’semagnetic force as indioajbijcins of 
that which: they are expected to tell p, I do 
not know; but involving, as the effects^, two 
very different conditions, namely, variation of 
the conducting power and va^tionlpf the 
amount of force at its source, the one ol which 
is chiefly in the atmosphere and the olbor in 
the earth, it seems to me to be of great conse- 
quence to the development of the theory of 
terrestrial magnetism, to have some method if 
possible, of distinguii^ng these two points or 
effects &om each other. 

2872. Referring again to the model globe, 
Ftp. 7 (2874), it appears to me, that if a mag- 
net be used as the intensity test, it will indi- 
cate a less intensity at P rather than a greater 
one, for the very reason that the conducting 
power of the whole globe has been increased; 
and also, though the apparent diminution of 
intensity will probably be greater there than 
elsewhere, tiiat the effect wSi occur in other 
parts, especially those on the right and left, 
and even at b and h, where the power trans- 
mitted, instead of befog more, as at P, is really 
tees t^ the portion ttaimutted fo tl)^ n^ 
or equaUe state of the magnetic field. With a 
diamagnetic globe of air, i.e., one warmer or 
momrar^iedthanthe6arroundingspaoe(2877), 
though it would convey less power m. being a 
worse conductor, still it should cause the mag- 
net to set w^ gpeater force, and so give an 
fodieation of increased fotmisity, rimd that 
also .both within nnd equatoriajly whfoHtt the 
{fobe^ 

If. it be tnm that ,fte the 

m^um (2899);i<Mi thus affect; tiie 
and ,that such ehaiiges ifoeupitqa esnsible 

« M' irjbnulIcqUNift A .9^ 
tmtiiat oX]F8,A ADd 

Iw tiwr «« 




ijglBiMMi itwdd'bo » iliil mom 

ga(^ * imidfc; blit it k i^K^xiUe thftt QMMje 

itiouiid the needle shiKM be large, and it 

be leqnilite to aadertaJn that the two medift 

oppoBKl equal medianical redatance to the vi* 

brating needle. 

2874. The rariadon of the dfrcettoh caused 
by the typical f^be (2864) ought be oUique to 
the horisontal and vertioal {danes, and conse- 
quently give rasnite of declination and inclina- 
tion, either a^Murately or together. The direc- 
tion would not yaiy in a central Une parallel to 
the general dip of the surrounding space (Fiff. 
7). Along another central line perpendicular to 



Fig. 7 


367(1. liw d^ isooH in 
of ah in emiT adomtb; smd ithrould sdss 1IM117 
in oigxMite ditectiona in tt» upper and ioMit 
parts of the ideht, and of the affected Bumwnd- 
ing space. 1 

8877. If we assusoe the eodstence of another 
typical ^obe of air (2864), having a bilker 
temperature than the surrounding atmosphere, 
then its condition will be that of a diamagnetic 
conductor, and will be represented Iqr Fig. d 
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(2807); and it w^ have power to affect both 
the intensity and the direction of the tbeacl 
force, in conformity with the actirm of theJm^ 
mer globe, but in the oontrary order. As re* 
gards the action of these eotsieqoei^ 

upon the direction of tiie linm of force m add 
about them upcm a needle oommg within their 
influence, it may, in part, be repres^ted a 
magnet placed titiier in the direction of thh 
ne^le for the cold i^ohe, or in the reverse i& 
rection for the warm one; but as the lines of 
force of the oenmbined system of. the eartirand 
such a nu^et are, very diffoimt in their ; arH 


this (i.e., any Une in the equatorial plane), 
a P, there would also be no variation of the di- 
rection, but in any other poeition there would 
be variations. Thus in the line i r, as the free 
needle passed from .f to it, its lower md muld 
be carried inwanla towards the oential Une of 
dip P; this effect, after attaining a maximum, 
peduqn at I, would gradually diminish agam, 
and fay the time the needle had reached r tire 
dip wo^ be wmoaL Oorresponding effe^ 
would oeeur on the (^posite side of 'the axial 
line p e; aiid ifa Aeeiffe be contideredas in rmy 
pace tim of sdu& :is tirus affected, and 
thenbeoDUSeiv^SstraveUingina dnle round 
the axiti Ihte p’s, 4t would ahvays be ki the sw* 
fecsof acoo^'titirsgiexof'iduehisbtiow. ; 

. 287&jQQtite0t^liaBd!,‘fftheva^ 
the dip. bsioip thae^toiM phtm a F bp cofi^ 
ddere^ll^itiiU bsdquali&amo is 
therevpadtjUiaet^ io that (ha maiU^mM* 

normail^l^ 
’'wPd Jia^^ji^pir Awl faudmed htwierds 46» 
ths moved emmdihs 

axiai.Uu wtisdd eHtaim bs ia « oonieal amtEdoe, 


raagememt to the Unes of the earth aSeotdd hy 
masros of warm' or ePd air havi% only' eon- 
duotion polarity (2^), it would betbo niiUdt 
to say tiut they correspond, m that thO'eSecis 
on the intentity or tfitmdsoh would be the sanw 
for wmilar distaaod from the emtie of. the 
pobe of sir and the r^ueseotative magnet. 

2878. Dnendeaveurix^ to {sraoeed, from tbuiis 
hypotiietical and eempacativeiy tim]pe casein 
wMd^ are ghrea mply to lead the noond (mbma 
the lestdts of expmiment to the supposed eaU 
ditiou' of nudtsirs ai mgtixde our atmoephsMI 
and theearthi uhhsw^ooa^^ timt thou^; 
ti^ttiU Wtd thou^ tiwintdntity 

ahddhetihm tqwnliHK 

miism dCthe-emih^lipti vary with ihaugesuf 

tmperatuprsaid dsi»it7 (d ^ atimw|htiM|!|. 
stiB tt sdQ veiytiiffemtd fpgt; 

tbah i^miNd4d..by’'thsf. ^fjpeal.'#»be»td'W 
{oirvtha’)itt(BptBA'«ium'Vdi^'wBt;AiBV^ 
thouph'tha variations of the natiscal oasa an 
idmost inflhitei fftill the conqiariKm htlds in 

Imves U8 eo toe west, SOM effect, cmniqMaidi 
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of tlte apiMhoftch of a body obld 
air fitm tbii east, wffl be pzodue^ 
liMsreM.and then diitninish, and be followed, by 
. another series of effects as the sun rises again 
and brings warm air with him. 

1^79. *^6 atmosphere diminishfis in dearity 
upwards, and that diminution will affect the 
transnussion of the magnetic force, but as far 
as it is constant, the effect produced by it will 
be constant too. Ibe portion of the atmosphere 
which lies under the heating influence of the 
sun, as compaxed to its depth, will more re- 
semble a slice of air wrapped round the earth 
than a globe. Still the inflection of the lines of 
force, both above and below this stratum, will 
occur, extending into space above and into the 
earth beneath (2848), according to the known 
iiffuence of magnetic power and its perfectly 
^&ute character (2809). We are placed at the 
bottom of this layer of air, but as the atmos- 
pherek denser there than higher up, and k also 
in many cases more affected there by changes 
of temperature, we are probably in a position 
where the inflections and variations due to the 
assumed causes exkt in a cmisiderable degree. 

2880. Hnere are innumerable circumstances 
that will break up, more or less, any general or 
average arrangement of the air temperature. 
For instance, tiie diversity of sea and land 
causes variations of temperature differentiy in 
different times of the year, and the extent to 
which thk goes may be learned from the beau- 
tiful isothermal charts of Dove, now fortunate- 
ly to be had in this country.^ These variations 
may be expected to givc^ not merely differ- 
mc&s in the regularity, direction and degree of 
magnetic variation; but because of vicinity, 
dffierences so large as to be manifold greater 
tiban the mean difference for a ^ven short pe- 
riod, and they may also cause irregukrities in 
the times of thmr occurrence. 

2881. On oonridering the probable results of 
the ma^etic action of the atmosphsio, it ap- 
pears to me timt if the terrestrial magnetic 
force could be freed from all periodical and 
small perturbatioiis, and ks dk^iositioc asoer- 
t^ed for any ven time, it might still mclude 
tertain effects eonstitutiog a part of atmospher- 
k magaetism. For instance^ thm k more air, 
1^ ever a given portion d tiie surface 
m the. earth atlatitudk from 24** to 34% than 
thms k either at tagfaer latitudes or at the 
equator; and that i^idd cause a difference 

diiposition of ihe^Baes cdiorce which 

JMm ms, 


wovMi &SaA there were equality in that is- 
iq)6et, of if the atmosphere were aSray. Again, 
the temperature of the air k greater at the 
equatorial parts than in latitudes north or 
si^th of it; and as devation of temperature 
diminkhes the conducting power for magxut- 
km, so the proportion of force passing though 
these parts ou^t to be less, that passing 
through the colder parts greater, than if the 
temperature of the air were at the same mean 
degree over the whole surface of the ^obe, or 
than if the air were away. Agcun, there k a 
greater difference in range of temper|iture of 
^e air at ^tfle equator as we rise upwa^ than 
in other parts, and hence the lower pan is not 
so good a oonductor proportionately to|he up- 
per part, or to space, as ekewhere, whipre the 
difference k not so great; the magnetic |>ower, 
therefore, should be in some degree wea^ned 
there, the lines of force being diverted, mlore or 
less, from the warm air and thrown into other 
parts, as the cooler atmosphere and space above, 
or the earth beneath, according to the princi- 
ples before explained (2808, 2821, 2877). 

2882. The result of annual variatian that 
may be expected from the magnetic constitu- 
tion and condition of the atmosphere seems to 
me to be of the following kind. Assuming that 
the axk of rotation of the earth was perpendic- 
ular to the plane of its orbit round the sun, and 
dkmksing for the present other causes of mag- 
netic variation than those due to the atmos- 
idbere, the two hemispheres of the earth, and 
the portions of air covering them, would he af- 
fect^ and wanned alike by the sun, or at least 
would come into a constant rdative state, de- 
pendent upon the arrangement of land and war 
ter; and the lines of magnetie force havk^ tak- 
en up their position under the influence, d the 
great dominant causes, whatever they may be, 
would not be altered by any annual change 
due to the atmosphere, * since the daily mean ol 
the atmoBidierie effect in a given pl^ would 
at aU parts of the year he aUke. Under such dr- 
cumstanoes the int^ity and direction of the 
magnetic forces might be considered constant, 
presuming no senrifale dumge to take i^oe by 
the differ^ee in i^tanoe from the sun which 
would occur in different parts of the orbit; and, 
as regards the two magnetic hemispheres, each 
would be the equivalent of and equdi to the 
other, and they may Imr the time be 
in thdr mean or normal abate* 

2^* Btttiffl theaxkof 
k inclmkl 23^ 28' te 



Odmo EMCTRIOITY m 


the two hemispheFeB will become aitehmtely 
colder than eadi other, and then 
a v^tion in the magnetic condition may arise. 
The air of the cooled hemisphere will conduct 
magnetic influence more fredy than if m the 
mean state, and the lines of force passing 
through it will increase in amount, whilst in 
the other hemisphere the warmed air will con- 
duct with less readiness than before, and the 
intensity will diminish. In addition to this ef- 
fect of temperature, there ought to be another 
due to the increase of the ponderable portion 
of the air in the cooled hemisphere, consequent 
upon its contraction and the coincident expan- 
sion of the air in the warmer half, both of which 
circumstances tend to increase the variation in 
power of the two hemispheres from the normal 
state. Then as the earth rolls on in its annual 
journey, that which at one time was the cooler 
becomes the warmer hemisphere, and conse- 
quently in its turn sinks as far below the average 
magnetic intensity as it before had stood above 
it, whilst the other hemisphere changes its 
magnetic condition from less to more intense. 

2884. As the sum of the magnetic forces 
which crop out from the earth wherever there 
is dip on one side of the magnetic equator must 
correspond to the sum of like force on the other 
side (2809), so they would not become more 
intense in one hemisphere, or more feeble in 
the other, without a corresponding contrac- 
tion on the one hand, and enlargement on the 
other. The line of no dip round the globe may 
therefore be expected to move alternately north 
and south every year, or some effect equivalent 
to that take place. The condition of the two 
hemispheres under this view may be conceived 
by supposing an annual undulation of the force 
to and fro between them, during which, though 
neither the character nor the general disposi- 
tion of the power be altered, there is in our 
^ter a concentration and increase of inten- 
sity in the northern parts coincident with a 
diffused and diminished intensity in the souths 
and in summer the reverse. 

2885. In respect to diitection, alteratkms may 
also be anticipated. In the first place, and as^ 
suming that the magnetic poles and the poles 
of the earth coincide, the dip would increase in 
the coolmg hemisphere towards the nuddle and 
polar parts; but it ought to diminish towards 
the mjgnetic equator, to accord with the con- 
<^^^tion of the hemisiAere of stronger powmr 

enlaigpmeut of tim weaker one; whuh^ on 
the other hand the dip ought to diminish at 
Qxspdaraiiiriihi^^ 


ispfaeee and inorease . tcmrds ths nni^^ietie 
equates. The magnetic equator would a 
Httie imrth aiKl south of ks mean place dm 
each year, simultaneoudy with the whole sys^: 
tern of magnetic lines. But as the magnetie 
poles do not coincide with those of the ear&, 
or with what may be called the poles of tiie 
changing temperatures, so a cause of difference 
in direction will here arise. 

2886. Again, it may be that as oxygen m 
cooled, its paramagnetic power may increase in 
a more rapid proportion than that of the change 
of t^perature, so that the chief alteration of 
the disposition of the earth’s force may be in 
the extreme northern and southern parts; and 
in combination with the holding power of the 
earth (2907) may even cause a change the re- 
verse of that expected above in lower latitudes. 
If in our winter the lines of force were to close 
together in the polar parts and to open out in 
lower latitudes, the balance of magnetic force 
would just as well be sustained as if dll the lines 
in our hemisphere were to be compressed and 
strengthened, and be compensate for by a 
corresponding change in the south. In the for- 
mer case, each hemisphere would balance its 
own forces, in the latter they would be bal- 
anced against each other. There can, I think, 
be no doubt that as far as the mass of the earth 
and the space above our atmosphere are un- 
changeable in relation to annual and diurnal 
variation, so far they would tend to restrain 
any variation which might depend only on the 
var3dng temperature and state of the air; hold- 
ing as it were the two sides of the variations^ 
the increase and diminution of intensity, or 
the right and left hand in change of directiem^ 
nearer together than they otherwise would be. 

2887. Further, if it supposed that the 
whole of a hemisphere is affeded at once in the 
same direction by change of temperature, it wifl 
not be affected alike^ bid differendy in diffemd 
latitydeet because of the d^brence in ammmt 
of that change. 

2888. Thediffereneeof land and water (2880) 

will still further break up any expected tnfl? 
formity of the general result, and cause thai 
certain parts of the cooling hemisiihene 
increase in power more in proportion thanptiiH. 
er parts; and whmi these parts lie on oppotilo > 
sides of the magnetic meridian of any gjh^ 
place, they would probably have power to cause 
an alteration in the declination of the neectte at 
tihat{dace. 'v 

28^, Aa the annual changes 
are less at theequatenr than an 
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or WlHi^ sotbert, pmt)*^ 
vtuifttfoaNlraidd oomiri iM^ 
tbs vwTiiig temperaturo or es^MuaBtan of fbt 
ltir« but only that portion which is eonaequent 
tho altemste changes of the pnrts aa its 
opposite sides (2884). 

2880. Another effect, which may be eonoid- 
SBoel as an annual variation, but which is con- 
nected with the diurnal change, may be ex- 
pected. As tiie daily changes in temperature of 
the atmoQ>her^ influent upon a given place 
in north or sou^ medium latitudes, an great- 
er in extent in summer than in winter, so the 
conesponding magnetic variatkos may be ex- 
pected to vary also, bring larger in the north- 
ern hemisphere, when the sun is on the north 
side of the equator, and less when he is present 
in the southern hemisphen, and producing like 
■eemspondent change there. 

2891. From a most important investigation 
1^ Colonel Sabine,* founded on the results of 
observations at Toronto and Hobarton, ^e 
tsets aiq)ear to be that the magnetic intensity 
is greatmf in botii hemisihereB in those months 
iririch are winter in the northern hemisphere, 
and summer in the southern. Similar results 
are greatiy wanted for other localities, and 
would show whether the different disposition 
of land and sea has anything to do witii the 
question, or whether the results at Toronto 
and Hobarton are true exponents of hemisiher- 
iori effects. Assuming Toronto and Hobarton 
as bring such exponents, the dip in both hem- 
i^pheres is greater (i.e., greater north dip at 
Toronto and south ^ at Hobarton) in ^ose 
months which are winter in the northern, and 
summer in theAouthem hemisphere. Whether 
there is any annimf variation of the dip or total 
force in the equatorial parts of the g^be is very 
foqwrtant to cletemune. It wtcHild Im well worth 
to take up a station for tiie express pur- 


expesiril fo tim sim miariiw 
the hoes of micnetih fome widrii fqavqne it, 
and the whole of that which covets the decker 
hemisphere assumes sn eqeally altered, but 
contrary state relative to Ihe mean ocmdttion 
of tile air. It is as if the earth were inc^)^ 
within two enormous magnetic lenses compe- 
tent to affect the direction tite lines of force 

psssiDg through them. 

2893. 1 have already arid that the action of 
the atmosphere time affected miriit in some 
degree be compared at night-time to that of an 
enormous, diffuse, and very feeble ordWy 
magnet, haring the position that it wc^ nat- 
urrily t^ according to the line of diplpasring 
over us from east to west, and inoluciiiK us for 
the time within its influence: in the dw-time 
the action would be like that of tiie pmilor 
joum^, not of a corresponding magi^ re- 
versed in direction, but of a corresponding 
globe of diamagnetic matter (2821). Aiming 
the maximum heat and cold to occur at mid- 
day and midnight, we mi^t expect that the 
maximum effects would also occur near those 
periods as regards the vstiations of inteority 
(2824, 2866) ; for, other things being the same, 
central parts of the heated and cooled 
masses are those where the difference of inten- 
rity should be greatest. 

2864. It might be expected that this varia- 
tion in the imtenaity would be greatest at those 
parts of the globe over which the sun passes 
vertically, or neariy so; but that may depend 
upon two circumstanoes at least; first, whether 
tito difference in the day and nig^ tempera- 
ture is greater there than at other pboes, be- 
cause the extent of the variation may be de- 
pendmit in part upon tiiat difference; and next, 
whetiior tiie amount of effect to be expected is 
tiie same fcnr the same difference in number of 
degrees of temperature at every part of the 


pose; the instruments are very ainqifo, and tiie 
ObUttvatioDB would require coly a single ob- 
server. They ate describe in tiie piqwr rrinred 
lOi, Hnfortmwteiy surii observations are not 
even mode in Cheat Britain. 


' llteiaaihmia winch tiw diurnal var- 

> iitioamay be prodnced m affected Iqr the ao- 
' tibttof'tiie sun mi our atoMpheie as the earth 
ravstivea kite beonw has been already generat- 
fosefenedto^llieidiofoiMrtiDnofabnacqihele 



scale (2886). If the conducting power of oxy- 
gen (2800) should be found by future experi- 
mental measurmncnts (2960) to increase in s 
greater proportion for a fall of a pvmi num^ 
of degpM at lower tempmatuie tiisn at hi^ 
ones (includmgtbaeffeetof ormtraotion for that 
foil [^1]), then it may be that parts inore dis- 
tant from tiie sun will be nuu« affected than 
those under it; mr if the ocmtimy be the case, 

less affectiri tiwtt othenriee would be eipected. 

289& WHb regard to the daijbr variathma,, as 
respects tiie dfoarioa of tiiia ffnas of teoes^ 
rnagnetie foiee» mthe kriinaticNs ritd deeff^ 
tioa of the ineipwtfo aeidH tiM|«M|dfo 
the «hah|B» «•* esar he riipsptiid.fiB, om*" 







iiftvei hmk^iteudw nixnd ^ (28791; atklit 
tesuifaisiiorme to «xDapBi« those AqMetattoto 
wito a few tosi|to (MMe of obeervatioa, in Sttflh 
a gonent auMuwrto will tead to toMF whetitor 
of atoioB is, both in theoty-aod 
feet, theaaiae; nad whetibw tinne fe«ny peob- 
sUMty that toe effect has been assigtted to its 
tme oause; for this purpose I will eonfeae niy- 
sdf entody at present to a part of the daily 
vutatoMi, namely, toe effect of the aun and afe 
as toe londnaiy arri^ at and paaaee ever the 
meiidiaa. 

2896. Profiting by the last Toltone whito has 
issued horn, the powerful mind and caiefel 
hands of Colonel Sabine,* I will ttoe toe ease of 
Hobarton. The observatory there is in latitude 
42° 62'.5 south, and lon^ptude 147° 27'.5 east of 
Greenwich. The absolute declination is 9° 60'.8 
east, and the dip is 70° 39' south. In order to 
have toe place of the sun and the tone of max* 
imam and minimum temperatures at hand, I 
have transferred the mean temperatore for 
January (sununer) for seven years, 1841-48, 
and the mean temperature for Jime (winter) 
for toe same period, corresponding to every 
hour in the day and ni^t, from pp. bcxxiv and 
cviii to Fig. 10, P. 709, where the middle series 
of numbers represents toe hours, toe line next 
below them a base line of temperature at 30° 
Fahr., and toe two curves still lower down the 
mean hourly temperature for summa and win- 
ter. The short lines show generally the direc- 
tion of toe needle east or west of its mean posi- 
tion, the upper end being of course the north 
extremity. The positions about norm are cfis- 
tinguish^ by fell lines, being those required 
for more immediate illurtration. 

2897. The north end of the magnetic needle 
at Hobarton is most east at 2 o’cl(^, and most 
west about 21 o’clock. Being at toe extreme 
west at toe lattm hour, it passes tiirougb the. 
full range cd variation, or to tife extreme, east 
in five hows, or by 2o’rfock, and thenrequkes 
the renudning nineteen hours to return to toe 
utmost west. The maximum east and west de- 
tiination if at 2 and 21 o^tioto fw aununer, and 
at 3 and. 22 oHdoto for: winter. The vertical po- 
titiona tirnwwt what hours tim-dectiaation wna 
Pi aadnowwvond i<rito<Babiae’s aerd. Fvm 21 
fe 2 o^efei^t^imedfe passes from oiwmttitot- 

initiate the otow, tiw-aortopr 

aimer tiiid,tiit!aiiing in ^ 

^nsHtiwatoatti and toason erosStoawMld* 
>*at ogw >il | s r fecapoatie directions, naatiy about 


ona IMfe btfeifenaam Abmrt 2o*elo6fci(h^ 
die is asreated, and afesr that tims tstuaw 
west, Itdlowing the sun. It will be pasgim to 
state, that the north mid of the needle, ^ sa 0 > 
tion of which has just bssn described, is too 
end towards toe equator, and also, the upper 
end of a dippbg-neefffe at Hobarton. This dfe- 
tinetionwiUreoeivemoresignifioanoepreemtiTV 

2898. Hence toe oause wlueh affects the nee- 
dle appsara to be fer more powerful, and more 
concentrated in time when the son is present 
than when he is away. In this there is accerd- 
ance between tiie time of toe effect and ite 
time when tiie sun could exert most influetkoe 
on those magnetic conditions of the etunxa' 
phere, which are fw the present supposed to 
govern that effect. 

2899. It will be seen by examination iA Fig, 
10 tiiat toe time of maximum temperature is 
not when the sun is on the meridian, but two 
hours after it, both in sununer and winter. Bhtt 
in reference to temperature and ita effect cm 
toe magnetic condition of the air, and tinoU|^ 
that on the needle, it is not the local tempen^ 
tore which is supposed to influence the nw^ 
but that whito affects enormous masses of air, 
above as wtii as btiow, and of whito toe teeth 
peratureat the spot, however imp<ntont it may 
become when we can prt^ly interpret fe 
gives us as yet Uttie or no knowledge. 8^ toerO 
are some points on which temperature has a 
more direct bearing. Thus the amount of voim 
iation of temperature is in sununer dmible what 
it is in winter, and the amount of variatom in 
tire detiination increases in toe seme propoh 
tion (2890). The minimurt temperature in win* 
tw is later than in summer, and toe extoens 
westwn declinatian of the needle is also Itiw 
at the same period. 

2900. The varying dirsrfion of toe magaetid 

lines of the earto is made known to us ^ Sihw 
servations in two pfenes, one the horiaimid 
plane, to whiob the position east awl west is HM 
ferred, constituting declination, and the otheg 
a vertical {dans paaaing torouid* the Hue of 
mean dedination, and supidylng obeervatomit 
(ff fecliiudcm. The du«(don of ^ fine of feriin 
referred to tofe planenndit change ao as efeUp 
to inerease or diminish the indinaition, wdil fe 
doss iowtosa at some {daces fer the Msl 
hour of hwal time for whito it dhafelaiito alt 
otowe; tonafejnersaass at QremtwfafcmidMlfli 
dimiiiitoM at St. Hdeaa, whito fe Mari^r^ 
same ntathHaft. At Htoairtoa it toangwi irulds 
ly at tod east sad wort (mtiento (ff toe 
tfen» i At a wd 21 
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tmtil Bbcmt 3 oNdodc; it then ocmr 
tibciee nearly tiie same in summw, when the 
variatiGn is greatest until 13 or 19 o’clock, 
from that lime it increases until about 22 
«*Sdodc:, and is nearly a maximum from thence 
till noon. Hence it will be understood, tiiat the 
iadination is generally greatest during the rap- 
id ioumey of the north end of the needle from 
wek to east between 21 and 2 o’clock, and least 
in the other or prolonged half of the journey; 
and thou^ this is partly brdcen up in the 
nif^t effect, to be considered hereafter, still as 
a general result it always appears. 

2991. All this may be rougUy represented by 
Fif. 11 (2909), in which E. W. represents the 
path of the sun between the tropics as he comes 
up with the hours 2l\ 22\ &c., in his daily 
joum^, and e the path described by the north 
of the needle, freely suspended at 
Holton, and therefore showing both declina- 
tion and inclination, i.e., the whole direction. 
Looking down upon such a needle, its upper 
end wMi take the course indicated by the ar- 
row, and its position at any given hour is shown 
sufficiently by the leading lines. 

2902. This relation of the motion of the nee- 
(fie to tibat of the sun has long been known; it 
has great significance in relation to my hypoth- 
esia of the physical cause of these variations. 
As regards the part of the action which I am 
oonsideiing, it is as if the pole of a magnet came 
on with the sun, of like nature to the upper end 
of the Hobarton needle, at first driving that 
md west. Towards 19 o’clock the tendency 
westward diminishes, but the tendency south 
Hioreases. At 21 o’clock, the increase in the 
sun’s power, acting not directly from the sun 
but from a region in the atmosphere beneath 
it, is not sufficient to compensate for his more 
m^avourable position; the earth’s force brings 
tile needle back as regards declination, and 
then it passes eastwards, but the southerly mo- 
tixm w indination still increases; about 24 
Cf’dook, or noon, the sun is as to east or west 
declination indifferent, but powerful in south- 
ern action, making the inclination then, or soon 
after, a maximum. Tbm as the sun goes west 
of ihe needle, its power in driving the pole be- 
hhid it ^etward will increase lor a time^ whilst 
^ power produdng indination will diminkh, 
dntft at 2 or 3 o’doA the earth’s force will re- 
iiM preponderance as the sun’s power dimin- 

distaniw, the needle will return 
toast dip mod mean inolinatimi. 

2903. All this may be represented experW 
lleeBtodly by tairyinga magnetic pde north of 


tiiedipping4i6ed!e,eoastD r^reitont tte place 
of ti&e sun-heated air to Hobarton, provided 
that pole be of the smne kind ae the north or 
upper pole of the needle. I have already stated 
(2^, 2877), that when a portion of air is h^t- 
^ in a fidd of magnetic power, it loses in mag- 
netic conduction power, and if in assodation 
with air less heated deflects the lines, assum- 
ing the state which I have distinguished as 
that of diamagnetic conduction polarity; then 
pesenting the very polarity, or rather the very 
inflection of the lines of force, which would af- 
fect the needle, as it is affected. As the sun 
rises and pasStoi north of such a place Ho- 
barton, the atmosphere under his coming in- 
fluence becomes more and more heated and ex- 
panded; and referring to the model globps of 
air (28^, 2877), it is as if such a VErarm mass 
passed with the sun through all the regions of 
the equator, extending also far north and south 
of it; and, having Hobarton within its influ- 
ence, produced the effects there observed. 

2904. In such a view one sees a reason for 
the short time occupied in the return of the nee- 
dle from west to east as the sun passes imme- 
diately over its meridian, and for the long time 
during which it is passing from east to west as 
the influence of the sun is slowly withdrawn, 
and then again slowly renewed during the re- 
maining part of his journey, exception being 
made for the present of the paramagnetic ef- 
fects due to cold. 

2905. 1 will now consider the Toronto case of 
diurnal variation as it is presented to us in the 
volumeof magnetical observations, issuing from 
the same authority and hands as the former 
volume,^ and also in further observations down 
to 1848, sent to me by the kindness of Colonel 
Sabine. The position of the observatory is in 
lat. 43® 39' 35" N. and long. 79® 21' 30" W, The 
absolute declination is 1® 21' 3" W., and the 
mean or absolute dip is 75® 15' N., so that as 
regards Hobarton it Js on tiie oth^ side of the 
equator, and nearly on the other side of the 
world. The results for the months of June and 
December are traced in a diagram correspond- 
ing to that lor Hobarton (2896), employing 
the Tbrcmto time for tiie hours, Fig. 12. 

2906. The nortii end of the needle is that 
utfiymisnliy r^ired to in speaking dT the dec- 
lination; ite course at Toronto, during the im- 
mediate sun eSecti is as follows: Havmg gra<i* 
ually moved east from 16\ it is at extreme east 
at 20 o’clock, and then returns from the east to 

i ^nd MeteardagM to- 

rpnto, 1840, 1841, 1842, 





















V lumiDAt'i 




VEtraae mat 1 b rfs hours, after vrUdi tt mom 
eastward from the sun. But if we oosvert this 
bte the notion of tire equatoridL extrnni'fy of 
' if.Qee(Se, for that k the upper md if the nee- 
I be fbe, and ecmptins us inost in the oom- 
with Hobarton, then it will be seen 
thk end k most west at 19^ or 20*; and 
that poiStion at that hour, it travds 
ay eastward, passing tluroui^ the full 
ot varisdon ai to ext^nne east in six 
B, or until 2*, and thoi returns, fdlowing 

^M)7. Looking at these residts, I might re- 
peat be words used' in illustration of the Ho- 



.2^. So afi tiiie eifeob may agsb he gaaer- 
aS^reproented by an eUbea {Fig. IS) as they 
were for Hobartcm; and X may refer to the 
w<^ then used, substituting Toronto for Ho- 
barton imd north for swth (^1)< As be sitn 
comb up from be inst id hk couiee between 
be two places, he drives, by be altered atmos- 
phen beneab him, be upper endsof their nee- 
dles before lum, and outwards from be line of 
hk pab, as if he were a norb pole to be Ho- 
barton magnet, and a sdub pole to be To- 
ronto magnet. By 22 o’clock, be earb’s force, 
and the ac^;i^of be air due to be sun’s posi- 
tion, permit a return to be east, bourn be 


Fig. 13 



hartcm effects, but for be sake of breidty will 
simply ^er to bem. As before, be amount of 
variaticm in be declination k in summer dou- 
Ue what it k in wintra. The difference of tem- 
pemture k three times gre&ter. The extreme 
mbt and east dedination k bob in summer and 
tfinter at 20 and at 2 o’clock, so that be ma^ 
ns^hcdds to the time in bob seasons; but be 
tntudma and minima of cold, as bown before, 
vaiy in be two seasons, for the former k at 4 
o’^bok hr summw and 2 in winter, whilst be 
kdter kat 16 o’clock in summer, and 20o’clook 
at winter. Bnt thk k a variation wib'tondst- 
eqqr; f<^itwiU beseen by a moment’s inspeo- 
tm* timt in winter the marimum of heat has 


jn^sred towaids the time of most powoful ao- 
bm in be one direction, and be minimum has 
lasnied towards it k tlm othw. The passage of 
bnsi^ therefore, over tire meridian, and be 
tMtiku of iwpid motion of the needle from west 
tofeast, still cmneide. 

, IbBB. Tim ober elanOBi of direction k be 
kfkatiik. Its variation k very smaU, but 
as time* A ink<^ maximum dip oceurs 

ff fe rilfj (Up aft 

Vtlocic. 


inclination for a time increases (2902); bob 
swing rapidly round from west to east as he 
passes over be meridian, and ben having at- 
tained bdr maximum position eastward, soon 
follow after him under be influence of be 
earb’s force, less and less counteracted by be 
retreating sun. So striking k be siinilarity be- 
tween Hobarton and Toronto, that Colond Sa- 
tnne has already especially dktingukhed and 
described it,* has bown, that, la3ring down 
be direction of motion in bob cases by curves, 
and brin(d»B be two curves togeber by bb 
faces, bey cointide-ahnost ex^y, mb this 
nn^ diffoence, that be Hobarton changes 
prMede bose at Toronto by sn hour, or raber 
more, of local time. 

2910. We eaimot represent bk day ^ect 
experimentally upon two sub needfles as bose 
at Hobartoni^ Toronto by one pok of s mBS* 

net, tirou^ we can do it wib eaib separatdy 

wHh different pdes: but we see at once kw 

tiie hypotfaetis, be reason why the stm sets in 

thk manner (iS77), and how it kthst tire ry 
itm of influential ikiiiosphere thatacoompar^ 
hhn k hk jonnWy roura the asts ‘<dk 
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’ (atM, 'H» tijtal wnKm«jt «£ dedbuiito TKciiiH 
in KMiliMn tioa » grMtesfe in pUMwr, w befpp^ 

for <ky jottn)^ «iid the 9'.87 in July and oiUy 4' in Deoemw. 

ieugtheo^ period of the ni^t x^ym 0Oi)i greateist diffemee in the earth’s 
are msiiiilest. The occurrence of disturbances is also in July, being then nearly 2(r 
or secondary waves of power in the night-time, whereas |n December and January it is only 10 
and the condition both of the chief variation Fahr. The shortest period between theextrm^ 
and the subordinate oscillations in summer and temperature, including therefore the quickest 
winter, will be ^nridered hereafter. change of temperature, is 10 or US to 2 

2911. (kemmch. The follow^ results are o’clo^, and consequently includes noon* AV 
takenfrom the volumeof Qreemn^^hOhmvoH^^ these conditions coxiabine to produce the great- 

for 1847 . The latitude is 51^ 31' N., and being est magnetic action, and it is in the directioa 
removed nearly 80® in longitude from Toronto, pointed out by the hypothesis, 
the station is wAl contrasted with it and also 2013. Loke Athabaacot. Latitude 68® 41' K.; 
with Hobarton. The me^ decimation is 22® 51' longitude 111® 18' W. of Greenwich; mean dec- 

18" W., and tiie mean inclination is 69® N. As lination 28® E. The observations are oply for 

it is the upper end of the dipping-needle which five months, but as the position is in a hi^ lat- 

we have to consider for the purpose of a ready itude and may be impoitant for future opnitidr 
comparison with the sun’s observed day action erations, I give the results here. The extreme 

(2906), 1 will describe those parts of its course western position of the upper end of the needle 
and place for Greenwich time which concern is about 17 or 18 o’clock, and its extreme eq^t^ 
us now. Moving westward before 19^ and 20\ em position about 1 or 2 o’olodc; so that as for 
it then returns towards the east, and in tix a6decliimtionis<x)ncenied,theactiQnofthesmi 
hours, or by 1^ or 2\ has completed the great and atmosphere is as in former cases. T!b» 

sun swing, after which it returns west, follow* amount of declination variation is veiy great, 

ing the luminary. The vertical force is given as being in October 21'.32; in November 10' JB; 

greatest between 3 and 4 o’clock, and least be- December 9'.78; in January 16'.29, and in 
tween 11 and 13 o’clock. The south end of the ruary 14'.87. 

needle therefore is more upright at the former 2914. Fori «8mpaon. Latitude 61® 52' Ni^ 
time and less at the latter; and as the latter longitude 121® 30' W. of Greenwich; mean deo* 


occurs during the prolonged return part of the 
joum^ from east to west, includmg.the night 
hours, so we perceive that the upper end of the 
needle performs its daily journey in an irregu- 
lar clos^ curve, which the ellipse for Toronto; 
Fig. IS (2909), may g^erally represent; it 
passes from east to west slowly during theni^t 
hours, apinoacbiog the;. equator at the same 
time, and thiaa it returns from west to east with 
far greater rapidity, performing tins part of its 
journey At^ngreat^r distance from. tim. equator 
and nearer to the pole. 

2912. ITaa^fipfon, Latitude 38^ 54' N. ; 
longitude 77® 2', W.;-the mean declination 1® 
26' W*; the mean dip 71® 20' N. The south or 
upper end el the, n^ie is in the morning jkt 
extreme weatt shout 20 to 22 e’clopk, and M 
oxtreina cart sJwut 2 o’clock; it ikm mtums 
slowly west, with the night action as fo {(xnssm 

tion, tlm of the siai, ^ for 

tto fowwBr. jkK^tiew I have not tl# varieties 


lination 38® E. These observations are only for 
two months, i.e., April and May 1844. The 
treme western place of the upper <x sout|i eika 
of the needle was at 19 o’clock:, and its e 3 di|«a, 
eastern position at 2 o’clock. The i^mdt t^vu^ 
fore is in perfect accordance the pTeoe$)ixig 

observations and conclumns. The aa)o^||f» qf 
variation, as givm in tiie horisou^l p]sii% is 
very large, bring 36'.26in AjirUand 32’ in hto* 
291& SL fe^erAsufghn. latitude W ST |v> 
loaptude 30” 16' S. of Gtemwicb; mean 41^ 
lination 6” 10' W.; the dip TOP 30' N. The 
servations are the Dsean of inx yeare, and spflV 
tiiat the upper end of the ne^e is 0Sttc<Sri||, 
west in reg^s^ to itQOQi about 19* and 20^ lev 
the montlu of Marrii to August, and that Slf 
toe otoer nvtothe there is a western MSlW 
about the same houie. The extreme eaet|t^ 
tion is, for 00 toe months, nbout 
o’clock, so that toe sun’s e$eet in pMi|in|4^ 
at toe norm period is ae in ftmaw 
greatestltoMnmtof variatioa is Ja^ 

in wintoritdirindlieBaway toaalw^ 

IW toeory toe dip may ho 

^sesso doriog toe day h«wii«od dNpMit,# 

fflWbdj f, U 
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#ieB6 isaileSy wbiohi itidiufing tlw 
fcMure of diurnal variatbn and sun 
were selected as a first and trial-test of 
^e.bjrpothesis, join their evidence together, as 
far as they ^o, in favour of that view Tirhich I 
atn offering for their cause; nor have I yet found 
any instance of even an apparent contradic- 
tkni in regard to the sun action. They assist 
thexnind greatly in forming a precise notion of 
the manner in which the influence of the sun 
and air is supposed to act, not only in similar 
easeS) but in respect of other consequences, i.e. 
in all that properly comes under the term of 
atmospheric magnetism; I will therefore now 
restate more particularly the principles which, 
according to the hjrpothesis, govern them, in 
hop^ that I may be fortunate enough to assist 
ih^veloping by degrees the true physical cause 
6t the magnetic variations in question. 

2&17. Space, void of matter, admits of the 
tomsmission of the magnetic force through it 
(2787, 2851). Paramagnetic and diamagnetic 
tedies either increase or diminish the degree in 
which the transmission takes place (2789) . This, 
tlmir influence, 1 have expressed, for the time, 
3m phrase of magnetic conducting power ^ 
a^ I think have given sufficient first experi- 
mental evidence of the existence of the power 
and its effects in disturbing the lines of mag- 
netic force (2843). The atmosphere is, by the 
oxygen it contains (2861, 2863), a paramagnet- 
ic medium, and has its conducting force great- 
ly diminished by elevation of temperature 
(2856) and by rarefaction (2782, 2783), as has 
also been fully proved by ex!{briment. The sun 
is an agent which both heats and rarefies the 
atmosphere, and In its diurnal course, the place 
ed greatest beat and rarefaction must, speaking 
genm'aHy, be beneath it. He irregularities in 
the con^tbn of the earth’s surface and other 
ea^^do produce local departures from an ex- 
aet fc^tidn of place, but they probably disap- 
pear pm3y, if not altogether, in the upper re- 
of the air. 

2916. Assumii^ that the air under the sun b 
mdet diailiged magnetically, and confining the 
wtatniioii to a spot where the sun is vertical, 
liw tibe purpose of emiddering the conchtion of 
at other parts inre- 
^^l^'tb it, 3ie Si^ppoiriiton of a globe of air 
aim the spot will of course find ho fit ap^fioa* 
(2877). We are first to nippOse the mm tw 
niOan state as to 
and then consider the eun as pres- 
^ be in.tim a gfvmi pkee; and it k 

' of oiktotian in temperature and m* 


panskai of 3m sir beneaitih and; around 3m 
place of the sun, and the manner in which the 
change comes on and passes away, whidi eoz^ 
eem us. In rdarion to the surface of the eailh, 
3iat alteration will be greatest somewhere bo- 
neath the sun, and will diminish in every direc- 
tion around, becoming nearly nothing as to 
direct action at that part or circle of the earth 
where the sun’s rays are tangent. In relation to 
elevation, it is a question yet whether the ef- 
fect is greatest in amount at the surface, di- 
minishing upwards. As regards the atmosphere, 
it must of cpqrse end with it, though as re- 
spects space itself (2851), areservation-thc^ght 
may arise. With regard to any alteration oc- 
casioned by the sun’s influence in the opposite 
hemisphere, though there is none produced, di- 
rectly, yet indirectly there is that due toVthe 
falling of the temperature of the air, from 3ie 
condition to which the sun, whilst above the 
horizon, had brought it. This change must be 
more tardy, irregular and disturbed, by local 
and other circumstances, than the opposite al- 
terations produced by the direct influence of 
the luminary; and is that which occasions, by 
the hypothesis, the second maximum or mini- 
mum or other recurring night actions, made 
manifest by the needle in the hours when the 
sun is away. 

2919. The lines of force which issue from a 
magnet are, as it were, located and fixed by 
their roots in a way well understood experi- 
mentally by those who have worked upon this 
subject. In the same manner the lines which 
issue from the earth more or less suddenly, ac- 
cording to the amount of inclination, are held 
beneath by a force of location; and because of 
the unchanging action of the earth in respect 
to atmospheric effect, are restrained more or 
less from alteration beneath during the chan^ 
ing action of the atmosphere. His fixation in 
the earth is a chief cause of certain peculiari- 
ties in the atmospheric phenomena as we ob- 
serve them; and is productive of that rotation 
of the line of force about the mean lotion 
which we have already considered during the 
sun swing, and rimll meet with again under tiie 
action of cold air. This condition of fixation at 
3i0 lower parts of the lines of force oe(Xirs at 
evsiy station where there is any dip at all, and 
gives for each the point of convel'gence round 
whic* the motionx>f the upptt'end of the nee- 
dle takes pkoe (2^, 2932). 

2020. ite the atmosphere, tinder the influ* 
eniMi of lies upon 3ieeat3iaUe]M 

rit the past beneath the hiaiinaiy* IthnaVre- 
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odv6d power to effect the iinee of Doegoetle 
force diifereritly to the inaiuier in which it nS* 
fCcted them in the sun’s absence. It has become 
a great magnetic lenSy able to refract the 



and the manner in which it does so appears to 
be of the following nature. All the lines passing 
through this heated and expanded air, sur- 
rounded by other air not so much heated, will, 
because of its being a worse magnetic conduc- 
tor than the latter (2861, 2862), tend to open 
out <2807) ; and the mass of heated air, as a 
whole, will assume the condition of diamagnet- 
ic polarity. If, therefore, for the sake of sim- 
plicity, the magnetic and astronomical poles of 
our earth be supposed as coincident, and Fig. 
U represent a section taken through them and 
the place of the sun, then N and S will be the 
magnetic poles, and the different curves cut- 
ting tile outline of the drcle will i^iffciently 
repres^t the course of the magnetic lines as 
they occur at or about the surface of the earth, 
H being the sun, and a the place immediately 
beneath it, which is also coincident with the 
magnetic equator. By this diagram we shall 
have an illustration of the hypothetical effect 
cm the inclination of tiie nee^e. 

2921. Oansideiing the point u first, and as- 
suming as yet that the of (^nge In 

the wr is alvmys at the surface of the eartii, we 
shall find tiiatidiere tiie lines of force will open 
prCsei^ving in imme degree their paralld or 
soncentrinieelati^ consequently a magnetic 
every direction, end 
ialdzig up ItspoEdtion tn tiheiliae of 
zore^Hcinit^ikot^ if paused at to healr 


teiwd m its potitien, It eui^t 
a jdiminuticm of msignetie f<^ee transatil^ 
though that spot; but, for the reason befo^ 
given (2868), 1 conclude it would a 

greater intensity, the increased pow^ thm^ 
upon it through the diminution of the conduetp 
mg power of the air in that place causing it io 
act as a more powerful needle. ; 

2922. Proceeding to a point 6, there the lines 
of force have dip. The same physical effect vdU 
be produced upon them here as before, i.e., the 
porti(m8 in the atmosphere will open out; tat 
neither here nor in the former case will they 
continue to have the same curvature as before, 
for towards and in the earth, where they have 
their origin, they are restrained more or less 
from altering by the unchanging action of the 
earth (2919); whilst at thtir more advanced 
parts, as at c, they enter into portions of Hhe 
atmosphere which are near^ to the most ta 
tense lines of solar action, H C, probably also 
into the region of most intense action, and aho 
into space, circumstances which cause more 
displacement of the lines, tending to separate 
by the tension of the parts altered in the air, 
than can happen in the earth (2848). So the 
magnetic line of force at b will not move par^ 
allel to itself, but being inclined a certain de- 
to the horison, when in the normal condi- 
tion, will be more inclined, i.e., will have mre 
dip given to it by the presence of the sun* Tlds 
is the fact made manifest by the needle wtaa 
indicating the position of the line as to inciinijh 
tion (2908) at Hobarton, Toronto or ebewb^ 
by the moticm of its upper end; for it is maul* 
lest that whatever happens on one side of the 
place of the sun and magnetic equator, whon, 
as in our supposition (2920), they coincidei 
happen on the other. 

2^3. The case may be mole sknidy sAethd, 
lor the facility of, re<^lection, by 8a;i^g itiitiit 
the effect of the sun is to raise the 
curves, over the equatorial and nei^bom^ 
parts, firom their normal portion, in dctaK 
whidi the north and south dip are simultan- 
eously affected and increased. 

. 2924. At the fdaee d Him ^Ms , 

ctaation must ta produced, and tbeoietta^ 
itftauld beaffect^ m the same dhectita^ei^^ 
at N. and 8* At the point a ttainclM^ 
supposed to he not at aH altaadi htsl! 
either north or south, the (hangesappsprand 
increase. It is not probable that the xoaajwpi 
alteration will be at N« (ht S., tat the latitude 
where it wHl Qoeur must depe^ uimnltaas^ 
ooqioiiiad diroumatainoali^ 







I hAW ttUSeavoUrad to describe, is oontinutJljr 
’ririblvilii. 

mSw Sristead of asswuiiig that ^e sun is at 
H, UHi 08 suppose that we are looking at the 
dtatfraiii in a vertied portion and towards the 
tMri; ttie sun coming up bom tiie east and pass- 
ing over our heads, and hrinj^g with it that 
aUtdiUon of our abnoephere which is the cause 
«f the thaage. As it d^ eo, all the magnetio 
turves would rue; the inclinstion would m- 
dreaae at 6, d, and every place where there was 
tay previouriy, in opposite direotioiu on the 
two sidee of o; this would go on untU the sun 
was in the aenith, and then as it passed away 
SUd sank behind us, the lines would draw in 
i^fsin and tihe dip diminish to what it was at 
Imtt.The maximum of dip Would be whmi tire 
eanWasnear the aenith, and theminimumudren 
-he -was quite away. 

'8928. But if rire resultant of force be above 


in the atmosphere (2037), whidr is by fur the 
tnoet inobabie, as it is the wlu^ atmosphere 
which acts by heat diamagnetically, th«i the 
results woidd be modified; for if over a, the 
lines of force might be depretaed, and any in- 
dfinsbim there would be diminished; at 6 it 
might not for the mommit be affected; whilst 
in higho' latitudes it would be increa^, ao- 
etmfolg as the line of f<Hoe from the resultant 
ha the abndsphere, wherever that mi^t be, 
feU outride of the ang^ fmmed by the hiclina»- 
^tn with the horison of a given place or withhi 
& St. Helena, tire Cape of Good Hope, and Ho- 
berton, fiimirir inetemcee df the three caees. 

>• 12^. At the same time the total force would 


vmlergo a rirange in its amount; that trans- 
throu^ a given sp^ would be teast 
when the sun was in the senitb, and most when 
IsttMu away (2863). The total variation in the 
HgMd'iAcaild be greatest «t a, end diminirii 
Udom, ttoiee towards north and south. The 
vi^hrifotmof theihdination areso impeifc 
‘itmf faownto us at {neseat that wn cannot 
sny luw far Hm natural riianges will accord 
with these expedtsd vstfoiioiiB, but ss for as 
ttwhifoirtwflioifogo 

tBBtt. H the sun, hMfoad of bring over t^ 
riqtritor, ie at a twDpie end so vertical, for in- 
tmswc^ over 5, then thhsifocha wiUhsi^^ 
htri tim resoiiant stiB briitt 
tlfolfonibof fonm which MMe 

' Im eiqfosled fo dsneend and kesea tl» 
WhSWf otiur ISnse in highsr lati- 
I, hefai»%ise i a sisli sB i ! te fawliaa- 
riMrit l» iMittHfo rihstsd* and other 



lfoes'hk<sSfi hotter 

thrir foi^wtimi^ inenuaSdi Gn’the sterride 
oftheequatbr, thetatrieSeyef thefinM-wo^ 
be to increase in iacfinatiamJ ■' <- • 

2929. Proceeding to.that part of the ekpect- 
ed change of porition of the bee nee^ whirii 
produces variations of ^edinoHon, let e r in Fig, 
Id represent the sun’s path in the equator, a^ 
te, f d tiie same at the trqfncs; let m r be a 
magnetic meridian, and a <d,i i', o o' places of 
equal north and south' inclimtion on opposite 
sides of the equator. The curves of mametic 
force semi in^nt in Fig. 14 , are now pi the 



plane of the magnetic meridian, but may be 
ctmridend as risLog on oppoeite rides of the 
equator and coalesring over it. If the air on all 
si^ were in its mean condition and the sun 
entirriyaway, these curves Would be in the ver- 
tical plane m r; or if the sUn near midday tras 
BO idaced that the resultant of the heated and 
riianged atmoephme was in the meridiiui m r, 
tiioi^effeetsof mciinstioa would occur (2922), 
stfil ^ curves wotdd remain in tiie same ver- 
tical plane. But if the resultant -were either to 
-theeastor tiiewestof m r, -variatkmscfderihi- 
atioa wutild be produced; Fot Boppose tiie sun 
to be SdvBBcing from &e«aat or r; because it 
ipves the air a <fiamagnetie comMtion, the Hass 
^fiwee-wwiddtendlrtexpBnd (2877)r'aodtfaeie- 
fore inove westward,' tt r^resented in tiie me- 

kidiaa as; amiitiie defiecticm caused thcsriiy 
wouldbeipestsst^upcBi fheswtfoowof tfaeearth* 

becauseitisih^tmigtifoilmivusastbi^-eiitsr 

the!eBBtb«fohSld shd iestmiiiud fo 

gtwgr ixicmmd pCattiem' ^91%'Aa>1hw. waoi^ 
'wtmolpfame' csiBa'Oi^ tiie wastnm 'dSfieetirii 

wmriii fecnsse<lo « csrifokt eatiwai^ 

'iteiniriv to'udti^ng^wheii'thairibedlael^^^ 
'tN'isiiric&m;.hiri!jii8 «hl%ktar4paBani'«ii>i> «>* 
ti^ estis te wd^Wig^dl^ lU l wsl^^ 

■jrinWiiaiitiwB— as lhs.wtsit»;shratiilBsntsd ' 



Od.Wi Sy^0TB3Q£|T' 

tropiSr««»wa<Ui«<«m}tentmtli«Rtiinoq^^ yiUthmimtadial^ 
thew^ to tbe of the etatione o or i, the aUeted air, toould ha thoee about fhettUr 
though that would znahe a differenoe in the dloi but may be very distant* The whole of fha 
aixiouui^f the deduiation variation, it, would magnetic lines about tizeeai^aiei held by their 

not alter its dmction, for still the curves a a! and mutual tension in one connected sensitive sye^ 
t i' woldd bw to the west as the sun came up, tern, which has no duggishness anywhere, but 
and would be on the meridian when the result- feels in every part a c^nge in any one partle- 
ant wae there alsOi T^re would be more effect ular place. There may be, and is continually, a 
produced at i ^an at t'p but tbe contrary ofaaj> new distribution of force, but no auppreasioni 
acter of the dip, in respect to the sun's place, So when any ihange in directum happens, 
would not ^ter the direction of the declination or distant, the needle in a given place will fed 
variation* ^ ^ ^ and indicate it, and that the more sensiUy $th 

2^1* A cold re^on of air acting, as at the cording to the vicinity of the place and the l«i>d 
coining (m of night, upon the lines of magnetic of change induced; but the disposition of the 
force of tixe earth, would, by virtue of its parar whole system has b^n affected at tbe same mo* 
magnetic diaracter (2865), produce correspond- ment, and therefore all the other needles will 
ing effects both of inclmation and declination, be affected in obedience to the change in the 
but in the contrary direction. lines of force which govern them individually* 

2932« Thus the lines of force which issue 2935. The needle is a balance on which all 
from the earth at all places upon its surface the magnetic power around a given locality 
where there is any dip, will, by the hypothesis, fastens itself, even to the antipodes, and it 
under the daily influence of the sun, describe shows for each place every variation in tiielr 
by their ascending parts a closed curve or ir- amountordi8po8ition,whetherthatoecuninear 
regular cone, the apes: of which is below. As a or far off. Its mean position is the normal posi** 
fact this result is perfectly wdl known, but its tion; and as regards atmospheric the 

accordance with the hypothesis is important fixation of the lines of force in the earth (2919) 
for the latter. The mean position of the free is that which tends to give the lines a stamlaYd 
needle will be in the axis of this curve or cone, position (exclusive of secular changes), and so 
and its return, either in declination or inclina- bring them and the needle back from thdr disv 
tion, to the mean is an important indication of turbid to their normal state. Hence, whilst 
the amount and position of the variaUe forces considering the causes which ^turb either tbs 
which influence it at such times. declination or the inclination, arises the im- 

2933. My hypothesis does not at all assume portance of keeping in mind tl^ mean poritioii 
that the heated or cooled air has become mag- or place of the ne^le (2932), and not merely 
netic so as to act directly on the needle after the direction in which it is moving, 
tbe manner of a piece of iron, either magnetic- 2936. So the well-known action ^ the sun off 
ally poW or rendered so under induction. There the needle is, by my bsrpothesis, very indirscts 
is no assumed polarity of the oxygen of the air the sun at a given place affects the atmosphere; 
other than the ccmduction polarity (2822,2835) the atmosphere affects the direction of ihff 

consequ^t upon a dig^t alteration of the di- linesof forQe;theliaesofforcetheit»affe(^tlem 
rection of the linee of force. The change in the at any distance, and thi^ affect the needto 
ma^etiU emuducting power causes this deflec** whidi they respectively govern. ' 

tion of the lines; just as a worse conductor of 2937. 1 have, for the s^ of eonvenieneeki 
heat introduced into a medium of bettor ccm- considermg a special action of the atmosphere^ 
ducting {KUtor disturbs the previous equable spoken of the resultant in the atmospbm 
transfer ol heat, gives a new direction to pendent on this sun's presence; and wUl doao ff 
that wUch is eonductod; or as in static dec- little while longer irithout implying any dimsi 
l^ty, a b^iof iHfue dr less specific inductive aetbn of this resultant, or that portion of dbt 
<^paeity a uniform medium which ^delds it, upon the needfe (2933), 

distuitojthn eu^^^ of considering at what probable heig^|i\ 

Previotafdy isdtuatadmthedn TlmtHoffiumt boffffw 

2934b ^seloaction of the atmosphereis to surface of the earth, isdiown by toedIgfftofiM 
M <rf tbe Buss end dimtouthm of toe 

these fteei, hoing pa^ld to Helena aisiSingaixmduitog toff 

^rith the dumgea of day, and that it is not even 
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aliowki ])y the ixiamier k 

pi^Bceies^ in some degree^ the mix, jus at 
aaid Toronto, other places by 
different amounts of time; neither the time 
^srfaen tiie sun is on the mendian, nor the time 
when the observed tmperatufe is highest (for 
that is after the sun) , is the time of greatest ao« 
tion, but one before eitiier of these periods. 
The changes in the temperature of the air pro- 
duoed by the sun, will not take place below 
and above at the same time. The upper re- 
gions of the atmosphere over a given spot are af- 
fected I^the sun at his rising and afterwards, 
before the air below is heated; and therefore 
the effect from above would be expected to pre- 
cede that below. The temperature observed on 
the earth does not show us, for the same time, 
the course of the changes above, and may be a 
V36ry imperfect indication of them. The maxi- 
mum temperature below is oftoi two, three, or 
four hours after the sun, whereas, whatever 
heat the sun gives by his rays directly to the 
atmosphere, must be acquired far more rapid- 
ly than that. It is very probable, and almost 
certain, that at 4 or 5 o’clock A.if . in the sum- 
mer months, the upper regions may be rising 
in temperature, wMlst on the surface of the 
eartii, through radiation and other causes, it is 
felling. The well-known effect of cold just be- 
fore simrise in some parts of India, and even in 
our country, is in favour of such a supposition. 
We must remember that it is not the absolute 
temperature of the air at any spot that renders 
it influential in producing magnetic variations, 
but the differences of temperature between it 
and surrounding regions. Though the upper 
lepons be cold^ tium the lower, their changes 
roay be as great or greater; they happen at a 
range of temperature which is probably more 
infiuentiid than a higher range (2967); and, 
what is of importance, they occur more quick- 
ly and directiy upon the ^sence of the sun. 
Urn quantity of heat which the atmosphere 
ean tfto directly from the sun’s rays, is indi- 
cated by the (fiffraent prqportions we restive 
{jnkh him when he is either v^cal or oblique 
tauci and so sending his beams through less or 
iiu»«'Hir;and when he has departed, tiie upper 
patfe oC tiieafr are far more fevourably tircum- 
ifoneed lor rapid coding by radiation tiran the 
So that tiie finid changes may 
Mas great or greater than btiow, and we may 
or their order, or time, by 
obser^ temperatoreat the earth’s sur* 
adj(ttbio& tberefoie to observatums of 
:^wiipftetfe efleet^ aa dq)rastioD of the bme of 


force at St. Helena, &e., thmi are appstkitiy 
reasons dedueiUe from physical causes, why 
the chief seat Of action should be above in the 
atmosphere. 

2968. In the midday effect the upper end of 
the needle passes the mean position (2935) on 
its return to the east generally before the sun 
passes the meridian going westward. At To- 
ronto it is about an hour in advance; at St. 
Helena and Washington an hour and a half; at 
Greenwich and Petersburgh two hours; at Ho- 
barton and the Cape of Good Hope the pas- 
sage is about noon. Such results appear to indi- 
cate that the place of maximum action il in ad- 
vance of the sun; and it probably is so in some 
degree, but not so much as at first may sup- 
posed, as will appear, I think, from the ^Hew- 
ing considerations. 

2939. The precession of the time of maximum 
action may depend in part upon somC^such 
condition as the following. As the sun advances 
towards and passes over a meridian, the air is 
first raised in temperature and then allowed to 
fail, and these actions produce the differences 
in different places on which the magnetic var- 
iations depend. But they depend also upon the 
euddenneas with which or the vicinity at which 
these differences occur. Thus two masses of air, 
having equal differences of temperature, will 
affect the lines of force more if they be near to- 
gether, and to the needle, than if they be far 
apart. And again, if a body of air were of a cer- 
tain low temperature at one part, and, pro- 
ceeding horizontally, were to increase rapidly 
to a certain high temperature and then dimin- 
ish slowly to the first low temperature, such a 
body passing across a set of lines of magnetic 
force would affect them in opposite directions 
at the fore and after part; but it would affect 
them most on the rapidly altering side. 

2940. Now the air as heated by the sun must 
be in this condition. According to analogy with 
sedid and liquid bodies, being exposed to heat 
and then withdrawn, the changes of tempe^ 
ature that it would undergo would be more 
rapid in thetievation than in the felling, and so 
the changes in the preceding would be more 
rapid than in the following parts. To this would 
be added the ^ect of the atmosphere warmed 
by the earth ; for as that is slower in attainfeg 
heat, as is shown by the time of matimum tem- 
perature, so its effects bting padually co^ 
mumcaM to the air above, as the sun passed 
away, would tend to retard its fall and ^large 
the difference afreiadyi^pol^ 
omisidmtionBiiO the natural ease, 
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est leKffeet and greateat 'variation afaoald::be 
towaida the west, and the foMowing or lesser 
action towards the east of the sun; and the 
mean condition of the needle for the whole 
change would be in advance of that body, 

2941. Mr. Broun has made observations of 
the daily variation at different heights, name- 
ly, at Makerstoun and the top of the Cheviot 
Hills, where the height differs by nearly half a 
mile, and finds, 1 believe, no difference in the 
intensity, but that the progress is first at the 
higher station. It would be very interesting to 
have an observatory up above, but to give the 
results required it should have air and not solid 
matter beneath it. 

2942. There is another circumstance which 
importantly influences the times of the pas- 
sages of the declination variation. If two places 
north and south of the equator have equal dip 
and contrary declinations, i.e., if both their up- 
per ends point east or west,- then the effects 
ought to correspond and form a pair. But if 
both have east or west declination, according 
to the usual mode of marking this effect by the 
north end of the magnet, then the variations 
already described should come on as the sun 
passes midway between them, but there should 
be a difference in time. As the luminary appears 
and approaches, the needles a and b (Fig. 16) 


N 



Fig. 16 


^ most probably be affected together; but, 
as he draws nig^, if the places have eastern 
dedinataoa, ttie one fliat is south will be soon- 
est footed, and for the time most strongly, but 
will in a period more or less extended, be fol- 
lowed by the x^arrei^)onding action at the 

]^or as 06^ needle will have retiumed 
tto Stjst half ofits series of ohmxgea to Q® 
w hi on its ma^Eietie m^rid* 


iaa, endian it 

gards the south neo^ btforeiit does So: 
nbtth needle, so the soath magnet idiould 
06 (to the other in its changes. If the dedin^^ 
of both were westerly, then the north neetfe 
would precede the south. 

2943. The hypothesis advanced, berides 
agreeing with the facts regarding the direction 
of the needle’s motions, as is the ease generally^ 
and if my hopes are well-founded, will be the 
case also in more careful oompSri^s; should 
also agree in the amount of force requiied for 
the observed dedinations at given hours. I hava 
endeavoured to obtain esqmrimental evidmice 
of the difference of acticm of oxygen and nitro- 
gen on needles subjected to thO earth’s power, 
but have not yet succeeded. This howmm is 
not surprising, since a saturated solution of 
protosulphate of iron has failed under the same 
circumstenees. More delicate apparatus may 
perhaps sdeld a positive result. 

2944. That small masses of oxygen should 

not give an indication of that which is shown 
by the atmosphere as a whole is not surprising, 
if we consider that the mass of air is exceedii^ 
great, and includes a vast extent of the curves 
on which it, by the hypothesis, acts; and yet 
that the effect to be accounted for is exceeding 
small. The extreme declination at Greenwich 
is 12’, equal to about 4’ 24’^ of east and west al- 
teration on the free needle, so that that is t&e 
whole of what has to be accounted for4 One 
could scarcdy expect such an effect to beshown 
by small masses of oxygen and nitrogen acting 
on only a few inches in length of the magiic^ 
curves passing through them, unless fme coyd 
use an apparatus of extreme and almost 
nite sensibility; but from what Z have seeatil 
oxygen when compared at different degrees of 
dilution (2780), or at different temperaturae 
(2861), I am led to believe that the effects on it 
produced by the sun in the atmosphere'trSl 
ultinmtely found competent to produce these 

vwations. 

2945. Where the air is changed in tmnpeeif 
tare or volume, there it acts and thereit 

the directions of the lines of force; and thase^^ 
their tension carry on the effect to mosodiftp: 
tant lines (2934), whose needles are accm#^d^ : 
affected. The effect wiQ be 

or less as the distanm am 

greater, and hence a change near at bsioA mv 
overpower at a distance, and a cloudoioee 
to a station may for the moment do 
the rising #1114 These are 
tions; and the extent of their 



rFAAXbAT 




Huma bg^ pIwtogM^iie tMonb (tf Gnbii* 
ivl^ Aad Ibio&to. llie iMdaine of Ommtiek 
(HmnoHem fw 1847 ooBtaiiiB a photographio 
taoonl of tile dediaatioD dianges, February 
li^l9, lB4d. Between 6 and 7 o'docJc there is a 
vaadation of 16' occurring in 18 minutea of time« 
or ai tile rate nearly of 1' for each minute of 
ttinh. The couree of the mean Variation for the 
eame date and time ie 1'.95 in two hours, or at 
tiie rate of 1 aeoimd for each ndnute of time, eo 
tbat the inegular variation (vdiidimay becon- 
sidaed as a local variation in respect to the 
sun's poww for tiie time) is sixty times that 
dm to tiie effect of tiie great resultant; mwe- 
Qver it was in the reverse direction, for tiie 
tempmary variation was from east to west, 
wh^ the mean variation was from westto east 
•>•41946. Another niode of showing how much 
tiie action of nearer portions of the atmosphere 
may overpower and hide the effect the whole 
mass, is to draw the line of mean variation for 
tim twenty-four hours through such a photo- 
grSfphic record as that just referred to, and then 
it vw be seen in every part of the course how 
amall tiie mean effect on the needle is, com- 
pared to the irr^;aisr or comparatively local 
effect for the same moment of time. The mag- 
net with vriiich these obsmvations were made, 
is abar of steel 2 foet long, inch broad uid 
a rpiarter of an inch thi^, and therefore not 
obedimit to sudden impulses ; it is probable that 
a short, quidc magnet would show numerous 
oases in which the irregular variation would be 
several hundred of times greats tiian the mean. 

all these irregularities and ove^wering 
haSuenoes of near masses are eliminated by 
taking the mean of several years' observation, 
and i£ub a true result ie obtained, to which the 
hjrpothetis advanced may be applied and so 
tested. 


9947. Betnming for a tiiort time to the an- 
an^ variaticn (2882), I may observe, that it 
has bemi a good deal contidered in dfaousiang 
tks daily variation. The arrangement of the 
mi^iMtio effects by Ckdcmel &J^e at Hobaiv- 
tom Taaonto, St. Btiena and elsewhere, into 
imsi^ly pcsititms, proves exceedingiy instruo- 
tive wid important, espeeially fM places be- 
tSMsn ud near tiw tr^cs. It supplies tiiat 
' Ithid of saalysiB cd the anrnial variation which 
||<|livaa fay the boun for the deify variation. 
Avery riimithi,fayac(miparie(m of its curve with 
llgifoel otiier aarndhs, ttils ita own Mery, at 
|hiMiaothg|»lhirify 


2818. 1 daB'havo bosasloai'to tMOa-theBe 
ineotiify means faeresd^; faut'fo thettuiBltime 
mfor to the effect iri tiiO Sttn% annuat appsoaih 
and recession indicated by these means, as ao. 
eordicg odih the hypothesis in resp^ to near 
and distant actions (2946). Hobarton and To- 
ronto are to. opposite hendspheres, so tiut tiie 
sun whilst approaching one recedes from the 
otheri and the amount of variations thmriore 
ehan^ in opposite itireetions. Btiow fe t^ 
average for each month, derived in thecase of 
Hchariem from a mean of seven yean, and in 
that of Toronto from a mean of two ytan. 


Hobarton Torontol 

Lat. 42<» 52'^ S. Lat. 4d» N. 


J^uary 

Februa^ 

Mardi 

April 

May . 

June 

July, 

August 

September 

October 

November 

December 


11.66 

6.51 ^ 

11.80 

6.40 

9.50 

8.30 \ 

7.26 

9.52 w 

4.56 

10.34 

3,70 Winter 

11.99 

4.61 

12.70 Summer 

5.89 

12.68 

8.24 

9.72 

11.01 

7.59 

12.05 Summer 

6.76 

11.81 

4.47 Winter 


The two stations are in latitudes differing only 
47^ from each other; and the extreme differ- 
ence of the atmospheric effect between sum- 
mer and winter differs as little, being at Hoba^ 
ton, which has the highest latitude, 8^35, and 
at Toronto 8^23. 

2949. According to Dove, the northern hem- 
isphere is warmer in July than the southern 
hemisphere by 17^.4 Fahr., and colder in win- 
ter by only 10^.7 ; the numbers being as follows: 

Northern 

hemisphere 63*.6 
Northern 

henu8ph«ie'48''A MM8tiie«hole 
Jaauaiy gouthon, globe 

hemiiphere 69'’A 

The mean for the whole year is 60*.9 for the 
Qorttiem hemiqjihere, and 66^6 for the south- 
ern. Therefore, ss Dove fuither tiiowe, ^ 
whede earth fo fo 4^uly, when the miB is ihihias 
ovm the terriii|ueoii8 parte, 8* hfa^er in te^ 
pmaturo than in Januaiy, when it is owr w 
wwtay ngicais: and Itmn tihs iisBaeiiee of 

ssmeewise^themeanoftiwsoutiuimnMris- 

phew fo ff*.4 faekrir the msui of tiM 
haV of tlw Safa*, nw dtfsMacrifaeMMMi ^ 



i^^j^jl^yiteforltenwthflmhnni^ere &m%4ew»QitaeiM98iiiiA)ti^ 

2 ^.%' and; for the.aoatiim oi^ 5”.9. Theu tity ovttr • givwi qpMS ol tiie 
(US 6 ]niio 99 B^>Bo p6oljiSai!$i& their airsoigeifiQie&t wither it be reoogsiiHbecl by vduttie ee ehffV% 
aQdiK)l»]^iba2n(ra&t,<hattheym orbyiiT^taainagiveavolumeattheeiud^^ 

effect ui^ the ^tribution of the magnetic surface, should be varied to the extent of 
forces of itiie earth, but the data are not yet sUf- tenth of the whole sum without produdng a 
ficient to enable one to trace the results. Ba- corresp onding alteratton in the distribution 0 I 
bine indicates a jprobability from his anal 3 nufl of the magnetic force; the lines being drawn tor 
observations t^t the sum of the eartb^s mag- gether and the force made more intense by M 
netic force is mcreaeed in intensity when the increase of the quantity or of the bajoinetriic 
Bun is in the southern signs, i.e. in our winter pressure, and the reverse effects jKroduoed at 
(2891). I should have expected from theory the oocurrencS of diminifthAd pressure* 
that such results would have been the ease^ at 2953. At any spot which is towards the eCNOh 
least in those parts where the dip was not very fines of that space where the air is increasing or 

great; because a colder atmosphere ought to dimlniahing in pressure, there will probafabr 

conduct the lines of magnetic force better, and occur variations in the directions of the of 

therefoie the systems round the earth ought at force, and these will be more r^»-rlrAd at sUch 

such a time to condense, as it were, in the cool- places as happen to be between two others, in 

erparts.lt would be doubtful, however, whether one of which atmosphere is 

the needle would show this ^ffeienoe, because whilst from the other it is retreating. Whether 

the lines of power would not .be restrained these changes (which I thinh must oooUi) 

above, as in the case formerly supposed (2922), produce by vicinity effects large ftniM igh to be^ 

but could gather in from space freely. From come sensible in our magnetic instruments is 

what has be^ said, however, it will be evident a question to be resolved hereafter. To 
that such a conclusion can only be drawn with gest the cause is useful, because to know of 
any degree of confidence from observations existence, nature, and action of a cause, is ini»> 
made pretty equally over both hemispheres, portant to the arrangement of the best 
2950. If we should ever attain a good knowl- of observing and evolving its effects, 
edge of the annual variation for several sta- 2954. Winds and hxrqs cfuarrenis qf air akars 
tions in different parts of both hemispheres, it may often be aeo Qinpe.nie ri hy magf^Af 
would help to give data by which the depth at if they endure for a time only, A constaat 

which the magnetic power is virtually situated stream Iflce the trade-wind, may have a cosif 

might be estimated; for, as this power is ex- stant effect; but if, when the amngemeiyti of 

pecM to undeigo undulations over very large the lines of magnetic force throu^ ^ atmoi- 

portions of the earth's surface hy the annual phere is in a given state consequent upon the 

changes of temperature (2884), so they would condition of the atmosphere at that a 

differ in character and ei^nt according as the wind arises which mixes regions of cold and 

origin of the lines should prove to be more or warm air together, or makes the air snoredaoas 

less deeply situated. in one region than {mother, or pimeediiMgf^^ 

one to another, balanoea regioiis which brt»Q# 
295L With regard to the many variations of were in different conchtioDS, then emy etuh 
isagnetic force, not periodic or not so in relar change wiU be aeeompaiued^aomresi^ 
ti(m to the sun, wfaii^ yet produce the hregu- change in the dispositbn of tlmmagn^ 

^ and overruling changes idready referred to to wtdeh we may perhaps hereaftw be abfehl 
(^5), dqpei»lm)it,as I suppose, onloeal varia- refer by means of our jnstniments* Sven tidii 
tions of the atmosphere, 1 may be allowed to intheahoogMrtDpixxfaeeanefieet^thoi^ 
notice briefly sunk points as have occurs may Ire far toe;! em^ to be rendered aei^ . 
^ymind. ./ ^' M55. The precMfetion of rmn or aim 

29S2.Tbeiory»f^ theoretical reason for the change of magnilia, 

^ a#i^ of #nearih's wiaGe, /might rdations in Hmmae where hi late pfeotj^ 

to enm^a imaadion the magnetic ecmchtion 

of thatpaitirfdh^ mpHatichmreare, and rdfevea Hfeema^we 

tity of dieting diamagnatkew 
A chOUng affeett^tMlyi 

aauint»ea^tday« CbitdaittayhawaatB^^ 
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tlifiir diieimee fnsm i!m§^boumg tei^m of 
jdeair <airi ajid at other times by absorbing the 
aun^ rays, and causing the evolution of sensi- 
ble jseat at different altitudes in the atmosphere 
at different places, or preventing its evdution 
more or less at the suilaoe of the earth. Those 
inasses of warmer or colder air of which me- 
teorologists speak, which being transperent are 
not sensible to the eye, will produce their pro- 
})ortionate effect And hypothetically speal^g, 
it is not absolutdy impossible that the hot and 
partially deosygenated air of a large town like 
Xiondon, may affect instruments in its vicinity; 
and if so, it will affect them differently at di^ 
l^ent times, according to the direction of the 
wind. 

2956. If one imagines on the surface of the 
earth a spot which i^all represent the resultant 
there of the atmospheric actions above, and 
tsan conceive its course as it wanders to and 
fro, under the influence of the various causes of 
action which have been in part referred to, 
whilst it still travels onwards with the sun, one 
may have an idea of the manner in which it 
may affect the various observatories scattered 
over the earth. I believe that its course, as re- 
gards the east and west direction of its wander- 
ings, is partly told in the photographic regis- 
tmings of Greenwich and Toronto, l^ing there 
in effect with other causes of varia- 
tion. This spot may be concentrated or diffuse; 
it may pass away and reappear elsewhere ; there 
may even be two or more at once sufficiently 
strong to cause vibrations of the needle b^ 
tween them. 

The auiora borealis or australis can 
bardfy be independent of the magnetic consti- 
tulion^of the atmosphere, occurring as it does 
witiun its regions, and perhaps in the space 
above. The place of tiie aurora is generally in 
those latituctes the air of which has a distinct 
inag^etienelatioa, by difference of temperature 
imd quantity, to that at the equator, and the 
magnetic chaiaoter both of the aurora and of 
the ime&im in which it occurs ties them to- 
(herefore, to be aware of and to under- 
rtrtkd m scmmjdiigrea lhe latt^ will probably 
lit to a better oomprahenston of the for- 
Tbe a is alr^y connected with 
dtetiwbaiioes and rtoims; it may in 
ccumeet them wilfa changhs in the atmoa- 
in a nmimer imt antidpated, 

Idunded upcm prind- 

; deservii^ 

tile ibsipetie Humboktt 

is a qtiei- 


tion on which I would offer Ae foBoaing ob* 
servationSk Supposing a magnetic rest in the 
atmosphere, and that all local or irregular viuv 
iaticms remained unchanged for the time, then 
if a change happened in one place it would be 
felt instantly everywhere else over the whole 
earth, and in proportion to the distance from 
the place of change. It would be fdt instantly, 
because the impulse would not be conveyed 
chiefly or importantly through the matter of 
the earth or air, but through the space above, 
for the lines there are affected by changes in 
that part of^tj^m which passes through the at- 
mosphere, and, as I concdve would affelct the 
other lines in space round our globe. Which 
would in turn affect those parts of theirmes, 
which, passing downwards to the earth, gdvem 
the needles below. In space, I conceive that the 
magnetic lines of force, not being dependent on 
or associated with matter (2787, 2917), would 
have their changes transmitted with the veloc- 
ity of light, or even with that higher velocity 
or instantaneity which we suppose to belong to 
the lines of gravitating force, and if so, then a 
magnetic disturbance at one place would be 
felt instantaneously over the whole globe. 

2959. But the difficulty is to conceive an at- 
mospheric change sufficiently extensive and 
sudden to make itself perceived everywhere at 
the same time amongst the comparatively local 
variations that are continually occurring. Still, 
if there were a lull in these disturbances by the 
opposition of contrary actions or otherwise for 
the same moment of time at two or more places, 
tiiose places might show a simultaneous effect 
of disturbance, and that even when the caurt 
might be very little or not at all sensible in the 
place where it occurred. A simultaneous change 
over an area of 600 or 800 miles in diameter, 
might produce less alteration in the middle of 
that area thmi at the extremities of radii of 
1000 miles. 

2960. It becomes it fair question of principle 
to inquire how far masses of the air may be 
motiedby the power of the magnetic force whid 
pervades them. When two bulbs of oxygen in 
different states of density ^ subject^ to a 
powerful magnet with an intense field of lo|Hse, 
themechanicaldisplacement of oneby thaother 
is most striking. Aether in nature the enor* 
moos vohimeB of air concerned, and the diffe^ 
ence in intensity of tiie earth’s mai^etic for^ 
at fihe different latitudes where thM may ^ 
mipposed to be located, eomlnned with the du* 
ferenoe of tempemturq, aie suflSoieat to^eW" 
pensatelor 
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air and the amller vanatbus in density, is a 
matter that cannot at present be determined. 
The diff^ntial result of motion, as has been 
shown, is very great where the direct result, as 
of compression. Is not merdiy very small but 
nothing {2750, 2774), and the atmosphere is a 
region where the differential action of enor- 
mous masses is concerned. 

2961. Now in the matter of difference of in- 
tensity, Gay-Lussac and Biot conclude from 
their observations,^ that the magnetic force is 
the same at a height of four miles as at the sur- 
face of the earth. M. Kupffer, however, draws 
from Gay-Lussac’s results the condusion, that 
there was a little diminution, and Professor 
Forbes, from his experiments made in different 
parts of Europe,^ condiudes that there is a de- 
crease of the force upwards. Such decrease may 
be a real consequence due to the difference of 
distance from the source of the terrestrial mag^ 
netic force; or, as is more likely, it may be due 
to the different proportions of oxygen there and 
at the surface of the earth. According to Gay- 
Lussac’s account of the air brought from above, 
it was as 0.5 to 1.0, compared with the density 
below. Hence the paramagnetic power added 
to space in the place above, from whence the 
air was taken, would not be more than one-half 
of that added by the presence of the denser at- 
mosphere below. This I think ought to make a 
change in the distribution of the magnetic force ; 
it would almost certainly do so at the equator, 
where the lines of force are parallel to the gen- 
eral direction of the atmosphere (2881) ; and I 
think it would do so, as to the horizontal com- 
ponent, in the latitude where Gay-Lussac and 
Biot made their aerial voyages. It is also just 
possible that the observers may have been in 
such relation to the heated or cooled air about 
them as to have had the difference observed 
produced, or rather affected, by some jof the 
tircumstances just described (2951). 

2962. Whether the result obtained by Gay- 
Lussac and Biot indicate a change of power 
due to distance or not, this we know, that there 

great changes from the magnetic equator 
toward the north and south ; and that, as Hum- 
boldt and Bessel say, it is doubled in proceed- 
hig from the equator to the western limits of 
Baffin’s Bay. And when so little as one-third of 
& cubic inch of oxygen can exert a force equal 
to the tenth of a grain, subject to the action of 
om powerfiil magnet, we may well conceive 
that the enormous sum of oxygen present, in 


only a fewnulesof heated or 
can cempensate fbrthe great diff^rehceof 
netic force, and so by a chai^ of place, eam 
currents or winds having tiieir origin in mag* 
netic power. In sudi a case we should have a 
ration of magnets to storms; and the mag- 
netic force of the earth would ^ve to do witii 
the inechanicai adjustments and variations Of 
the atmosphere, sometimes causing currents 
which without it mi^t not exist, and at other 
times opposing those which mi^t else arise, 
acc^rdmg as the great differential relations fay 
which it would act (2757) should combine with 
or oppose the other natural causes of motion nei 
the air. Such movements would react upomtbe 
magnetic forces, so that these would readjust 
themselves, and so there would be magnetic 
storms, both material and potential, in thea;t- 
mosphere, as there are supposed to be of the 
latter kind in the earth. 

2963. In bringing this communication to a 
close, I have to express my obligations to two 
kind and able friends. Colonel Sabine and PrcH 
fessor Christie, for the interest they have taken 
in the subject, and on the part of the fotmet 
for the extreme facilities afforded me in the use 
of observations and the data derived from 
them; but in doing so 1 must be careful not to 
convey any idea that they are at all veBpomMit 
for the peculiar views I have ventured to put 
forth. I may well acknowledge that mudi wl]^ 

I have written has been upon very insuffioieDt 
consideration ; but hoping that there mi^^t faf 
some foundation of truth in the account of tht 
physical cause of the variations which I have 
ventured to suggest, I have not hesitated to put 
it forth, trusting that it mi^t be fcH* tire adr 
vwtage of sdenoe. The magnetic properties 
and rations of oxygen are peileotbr cdw and 
distinct, and are establish^ by eiqperiment 
(2774, 2780) ; and it is no asstunption to^caity 
these properties into the atmosphere, because 
the atmosphere, as a mere mixttire of oxygeai 
and nitrogen, is shown to possess thm also 
(2862).’ It varies in its magnetic powm, by 
causes which act upon it imder natural circum^ 
stances, and make it able to produce some such 
effects as those I have endeavoured genmiBy 
to describe. 

2964. If it be a cause, in pa^ only, of the ^ 
served magnetic variations, it is most 

ant to identify and distinguish such a sour^ ctf 
action, even though imp^fectly; for the 
tion is then truly and intelligently <lrected H 


iAnnslwde Ana. XUI. Vol. LIL p. 85. *^^S^***»^ Mosofias, 1847, VoL XXXI, 

PW. Tfw.. 1836, Vd. XIV, p. 26. 406, 409. 
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I)eriodi(M% for thfrflKmepntb 
Itdt aa « large <te cl (to flffiei^ ntpi^^ 
.topcoHiufled ato if tiw agreemffltt ahcdd 

.’^ilipear at fitooBly^geofind> atiU tiiatiffwemen 
^ gready rtten^toa its claim to our atten* 
|iom It toa (to achmtoage d offeiiiig ejqplanar 
lunaato am Buggesljcma of maay other 
veto amts beddea idiich an peri 
aedit pmamitB itScU.at a time wtoo ire have 
jpa toar knowledge of any other physioal cause 
Jar the vaiiatioaa, but are oonatnu^ vagody 
te ntar diem to imaginary egrreata of dectric- 
HyJn die air or space above, orinthe earth be> 
neadi. 

-• 2965.<'Ito causes, both of the origtol power 
sdd dits seeular vmiations, ate unknown to us. 

d, ace^ting (to eaath as a magnet, we 
jtould be able to distinguish largely between 
internal and external aciimi, mid ao separate a 
Ipnat daaa of phenmnena tom die rest, we 
. ttottld be miaUed to define imne exactly that 
wiich we require to know in bodi cUrections, 
atoidki be competent to state distincdy the 
peobldBB aiiich need section, and be &r bet- 
ter dJe' to appreciate any new hints from na> 
tonniapeetmg the source of (to power and the 
dftwts that it preseats to us. 

':i290fii Ito magnedc oonadtudon of oxygen 
asaam to me wJndmM. It is in the air atot 
. k the earth. Hie ahnoat entire diaap- 
fdansnoe of diis^px^ierty dso, whmi it miters 
litoeomhinadon, is most impteadve, aa in the 
toQkitrogiBiB and oxyoarboi^ and em wi(ii 
ite^ udU^it rsduees into a condition far be- 
vfinr siliBf the medd or the mrygea, wd^ for 
kiiglhtw’' Agytoyits add^ oerntraat with die 
iiidtogaBi wldeh dfintea U, kbpreBSeB (tomind, 
dm idffSNaioe recalls (tot which aisQ 
itodtS'betwesn them k idsdon to staidc ebd^ 


tdei^ (14M) sad (tolghlnkg ink: Gkbiine 
toominq, qramogen sod its oODgenets, ttom- 
ieally speakii^, have no magnedc rdadon to 
oxyg^ In natuieit stands k (his rei^eot, as 
k al ita^endcal'acdona, akne. 

2967. Tharnis much todo with oi^gen rela- 
tive to atmosj^mie mai^etiHU. Ita propotdon 
of paramagnedc foroeatdiinent tonpcfataies 
and different degeea of rarefa^on^ rntt re- 
quire to be accurstdy ascertmaed, and (his I 
hope to effeift by a tUrdon baknoe, k coutae of 
cemstauo^on (2788). Indeed, I boM (tot this 
great ^ftject may be laigdy touehdl and tried 
by experiment as well as by dbsermdon, and 
therefore mihe it part of th^ eiqimi- 
mental researches. 

2968. One can aearody think upoA the sub- 
ject of atmoapherie ma^dedam withoitt having 
another great questkn suggested to the mind 
(244^: ^at is the final purpose in nature of 
(his magimtio condition die atmosphme, and 
Ha liability to annual and diurnal variations, 
and ita entire loss by mitering mto combination 
dther m combustion or respiration? No doubt 
there is one or more, for nothing is superfluous 
thme. We find no remainders or suri^UBage of 
action m fhysical feutses. The smallest provi- 
sion is as essential as the g^test. None is de- 
ficient, none can be spared. 

^oyd ImUtutum, Sej^mber 14, 1850 
APPENDIX 

Bsesmsu Novxubeb 12, 1850 

The following tablee cd data obtained at To- 
tOBto^St.Petet8bur^, Washington, Lake Atb- 
ihasoa and Fmt Simpson, sui^hed to lue by 
(to kindness of Colonel Sidnae, have not yet 
been' publidied. The data for Hobarton and 
Qtemiwyi are k'die Vidumee of observaidons 
tothoeestadmiB. 
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ToEOim, Meaa DkiiBal yariafon of the Total Force in the several months, from July 1842 to Jime 1848* 
Increasing numters denote increasing Force. Mean Total Force at Toronto 13.9. 

The figures express the changes in parts of the whole Force. 
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T^rt Axhabasca. lion^tude 111” 18' West. Latitude 58” 41' North. Mean dediiiaticm 28^ East. 

' i>»i4iHfm of the DedSnatkm in the months of October, November and Deemnber 1843, and Jmi. and Feb. 1844. 

Twnwwmng readily dmu^ a movmnent of the south or upper end of the magoet towards the West. 
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TWENTY-SEVENTH SERIES' 


§ SS. On Atmospheric Magnetism {continued) 
Received November 19, Read Novebiber 28, 1850 


% u. Expermerdal Inquiry irOo die Laws of 
Atmospheric Maqnetic Adimy and their 
Applicalion to Particular Cases 
2M9. Believing that experiment may do 
much for the development of the general prin- 
ciples of atmospheric magnetism, and produce 
rapidly a body of facts on which phikmphm 
may proceed hereafter to raise a superstructure, 
I endeavoured to find some means of represent- 
ing practically tiie action of the atmosphere, 
when heated by the sun, upon the t^restrial 
magnetic curves. The object was to obtam some 
central arrangement of force which should de- 
flect these curves or lines as they are deflected 
in a diamagnetic conductor or globe of hot air 
(2877), and then apply the results obtained by 
such an arrangement as a partial test to the 
various cases supplied by the magnetic observ- 
atories scattered over the earth. At first I en- 
deavoured, for the sake of convenience, to at- 
tain this desired end by means of a horseshoe 
magnet, employing the lines which passed from 
pole to pole to disturb and re-arrange the earth’s 
force; but the comparative weakness of the ter- 
restrial force near the magnet, and the great 
lonminence of Uic poles of the latter, gave rise 
to many inconvemences, which soon caused 
me to reject that method and have recourse to 
a ring-helix and voltaic apparatus. Consider- 
ing the new use to which this h^x is to be ap- 
plied, the interest of the results, and the in- 
Irtaruction that may be drawn from them, I shall 
be excused for bring scmewhat elementary in 
tiie description of its riiaracter and action. 

2970. The faeUx consisted of about 12 feet of 
covered copper wire formed Into a ring having 
ribout twenty^five convohitions, and being l^ 
iinhmextei^ The continuations of 

&SS wire were twisted together so as to neu- 
ytraflse any magnetio ethd which they could 
and Seng enou^ to reach to a 
^^talc arrangement^ and ;iFet^ow free motion 
the briix. Thcfeqiririteamount of magnetic 
in thl:^x may be judged of by the fol- 
conaUeiations; suppose a declinathm 
SVaasadfMf, 18 S 1 « p« % . 


needle freely suspended; and then the helix 
placed at a distance in the prolongation of the 
needle with ihs axis m a line with the latter, 
and with that side towards the needle [which 
will at small distances cause repulsiom The 
needle will point, in the magnetic merman, 
with a certain amount of force; but as thebelix 
is brought near it will point with less force[ and 
within a certain distance will no longer ppint 
in the magnetic meridian, but rither on one or 
the other side of it. There is a given distance 
within which the needle, when in the magnetic 
meridian, is in a position of unstable equilib- 
rium, but beyond vdiich it has a position of 
stable equilibrium, the distanoe varying with 
the strength of the exciting riectric current. 
The power of the helix should be such that 
when end on to the needle the latter has a po- 
sition of stable equilibrium in the meridian. 
One pair of plates is quite sufiScient to make 
the helix as magnetic as is needful for distances 
var 3 dng from 4 to 24 inches. When a needle is 
properly arranged with either a magnet or a 
hehx to the north or south of it as above de- 
scribed, if the magnet or helix be moved west 
the near end of the needle will move east, and 
contrariwise. 

2971. As is well known, such a hdix has a 
systemofmagneticlines, which, passing through 
its axis, then opens out and turning round on 
the outride re-enters again at the axis, the ei^ 
cles of magnetic force being everywhere perpen- 
dicular to the riecMc current traversing the 
convolutions of the helix; and now I had, at a 
moment’s notice, a source of lines of magnetic 
power exactly of the kind required to pr^uee, 
in assodation with those of the em!th, a dispo- 
sition of the forces coinciding rither with those 
of paramagnetic or dimnagneric polarisation 
(2865, 2877). 

4i!972. For let Fig* 17 represent a section pa^ 
aSel to tile axis of the ring-helix, Ihen the two 
dretes may represent the disporitioii of the 
magnetilb f<wce in that section, and the arrq^* 
hea^ may serve to thdioate that magn^cdr* 
jSeetien whirii bebn|S ^ lines of 
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ditto 

tm to^EnfcUbod^ itt the todit of the 

earth^s lines, it axste up^ them aoconliiig to 
ttop 08 ]ftio!i^ the helix in relation to the direo* 
tion of the earth’s power; CSioosing 
the two positions in which the axis of 
the helix is parallel to the natural ^ 

O rection of the power, as shown by a 
free needle, at the place of observa* 
tion, then two contrary effects are 
. produced, which, as regards the lines 
Fig. 17 exterior to ttie helix system, corre- 
i^nd to the polarity of paramagnetic ami 
diama^etie conductors. If, for instance, the 
helix is so placed that the polarity of its mag- 
netic lines, exterior to and in the plane of 
thertng, accords with that of the earth’s force, 
as in Fig. 18, then the earth’s lines are de- 



Fig. 18 


fleeted as represented, and a magnetic needle 
placed at a, which h^ taken up its position 
by the earth’s influence, will not tend to alter 
its potition as the helix approaches it, though 
it will be acted on with more power. In other 
parts of the line, 6 a c, it will alter its position, 
standing as a tangent to the curvature, and 
therefore will be deflected sometimes one way 
and sometimes another, as it is carried along 
the line (or through the nei^bouring lines), in 
place of remaining parallel to itself, as it would 
do if the electro-magnetic helix were away. 

2973. On the other hand, if the helix were 
turned round into the second potition(2072}, 
tiien the effect upon the direction of the nei^- 
bouring^es of foree would be as in Figi 19. 



Needtes placed at d and e would again be de* 
flected’lhun ^natural position ^en to them 
by tto eaatii, tot they would he deflected in a 

wouM be tak*. 

^if ih^e^too(»iespoi^ 
tto Ihis 


porition of tto loru^ dUvtto;; 

diami^etie conditiM; 

2974. It is hot pretended that the whole# 
these arrangements of forces is like those cd 
the cases of paramagnetic and diamagnetic: 
conductors. Independent systems are hm to 
trodueed into the midst of the earth’s magnet* 
io power, and the central part of each arrange* 
ment must therefore be excepted ; there are at* 
so attractions inwards and repulsions outwards; 
when the needle is at aand/, which do not tato 
place in the cases of mere magnetic oondao* 
tion. But external to these hdiix systems, the 
arrangement imposed upon the lines of force 
from the earth is in accordance with that pro* 
duced by diamagnetic and paramagnetic con* 
ductoFB, and at distances from 2 inches to 2 or 
3 feet; the lines of force thus altered, and those 
contorted by the sun and atmosptoe in the 
great fleld of nature, are comparable in their 
direction, and may be eonsidetoi as r^resent- 
ing each others 

2975. In order to obtain a simple result 

the action of such a oentre of force on the mag* 
netic lines of the earth, I adjusted a rod in tto 
direction of the dipping-needle, and also a pUne 
at the foot of it parallel to the magnetic equa* 
tor at London. Then susp^ding a small mag* 
net, half an inch long, from cocoon-silk, so that 
when hanging it should be parallel to the mag* 
netic equator, it was adjusted so as to be near 
to the plane at the foot of the rod rq>res^tiilg 
dip. The ring-hdix (2970) Was then associated 
with the voltaic pair, so that contact could be 
completed at any moment, and being always 
retained parallel to itself and to the plane of 
the magnetic equator,* could be brou^t into 
the vicinity of the needle on dl sides, above# 
below, and its aotion i^>on it observ^. As tto 
object was to represent tiie son’s actiont the 
current was so sent tiuough tibe helix that m 
upper face woidd repel the nortii end of a megr 
netic needle; for ibm a magnet, outside of ^ 

in tite jdmiedf the ring, wo^d not teto to tove 
its podtion changed, and the dispositicm^tto 
forces of the earth undw tto influence ofytoh 
helix wasas in Fig. or like that# a diami|T! 

netic. conducts*. \ 

2976: In making observathms of tkib ldeil!: 
and especially if the ring-helix is purposd^ in* 
tained at a oonuderable distance fromttoMO^ 
die, it is better not to connect the hxtbt pm^, 
manentfy with the battery and then caziy-it 
towardsand by the needle, but rather to Aooae 
the place where tto helix action is to to to. 
aervto^^t^^ ^ hdixis tlieie^toiiwtoM^ 
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of tiw neetfie b then OfMaly obeerrod; or if b 
Mill< throui^nasoB of dbtonoe, be feeUo, inak* 
bgeiMl bnaking eontaot a few times bochro- 
iu»a^ wHb the vibrations of the needb soon 
rabeatbe effect to any degree required. 

2077, There are certain positions in respect 
to the needb as a centre wUch must be dearly 
SDB^prehmtded. The magnetic asb b a line 
tfaroucd^ the cmitre of thd free regular needb 
parallel to the direction of the earth’s lines of 
force, whatever that may be, at the [dace where 
tbe experiments may be made. The magnetic 
equator plane b a plane passing throu^ the 
centre of the needb perpendiculu to the mag- 
netic axb. The plane of tiie magnetic metidiw 
b titat plane wUoh coincides with the magnet- 
io 4 Mb, and also with the direction in whii£ tire 
declination needle points. Thb position always 
oecuts with the magnets that are enq>loyed f<Hr 
<ti>Mrvation, being a ccmsequence of the meth- 
od in which th^ are supported; it would not 
be taken by a needle placed at right an^es on 
bs mechanietd axb, the btter bdng in the mag- 
netic abs. 

> 2070. 'When the ringhelix, tituated as bdore 
explained (2975), was ansrwfaere in the plane of 
the magnetic meiidkm, it exerted no a^on on 
^ deoWition needb tending to change its po- 
idtioo. When the hdix was anywhere in the 
idem of the magnetic equator, it exerted no 
action on the needb to snake it change its di- 
leetion. 'HiBse are the only places in which the 
hdOx does not affect the position of the needle. 

2979. These two planes of no varbtion di- 
tikb the space arpund the magnet into f(»u 
quediants, and the helix hting in any one of 
affects tbe neeiUe, altering its dedina* 
tbpi. The deSeetion of the line of force for two 
btil^faoiaiing quadrants b in the contiwy di- 
hichbn, BO that as the hdix passes from the 
Bimtipai line into one or the other qsiadnmt, the 
dflimiation of the needb changes. 

>4 ijNBIhIftiMhdixbeabovewbdowthBmag- 
netie equator and be cartbd round the mag- 
petb acb travelling abng a line of btitude, 
ttben tin ibedb tnesen cm large osoi^ to 
and another to the bft during the 
-tigeidk Siiiqsosbig that the eipenmOnt eom- 
iritiii the hdb above tire equatiNv and 
iil'iUlo of tho ixiAipuitio north of 

) vpp ipriiila, ff it (hen proeaaib by vrast ^ 
;',,‘lM'Sia b 3 feast.to ita ori||u»J. positksn the north 
needb will Int gb wettvard; wilt 


settie in its first «r erigbaldidaiBtlwu 4X tin 

it will eouse tho eame defiootioii, Md «bo aa 
long as it is in tbe west; tbedisfleelioii wUl be 
more ot less, Irntnotcbangeindmetjonfu^xe- 
gaids the neutral place. The potion of tte 
bribe north or south of tbe needle is df no oonse* 
quence as to the direetkm of the declination, 
provided it remain on the same side of thA mag- 
netic meridian, though it is to the amount. Jj[ 
the bribe be briow the magnetic equator the di- 
rection of the declination is rey^n^, but Ihen 
agrin it doqs^ot change whilst the re- 
mains east or west of the needle and itspane 
of mean declination. \\ 

2981. If we carry the helix round ti^dmdJe 
in a plane perpen^oulair to the planes ^ the 
magnetic equator and meridian, so as ta tra- 
verse in succession the four quadrants, then 
the needle makes tm to and fro vibrations Cm- 
stead of one) during the circuit. Thus, begin- 
ning with the helix in the neutral position over 
the needle and going round by west and below, 
and then upwards on the east side to its first 
position, the north end of the needle will first 
pass westward, then eastward, then westward, 
after that eastward, and finally westward Ito 
its original or neutral position. 

2982. As the helix is carried from tbe neutral 
planes (2978) into any of the quadrants, tlie 
power of affecting the declination of the n^le 
is first develop^, and then increases eveiy 
way, from tbe edges of the quadrant until it 
attains its maximum force at the middle. Hence 
the maximum deflection east or west is when 
the helix is in the middle of each quadrantf 
Thmsforep when tbe helix is carried from the 
middle of one quadrant to the middle of the 
next, only one motion in the needle appears ; as 
for instanoe, an increasing westerly declin^ 
tion, though the direction qf the declination in 
relation to tilie mean position has been reversed 
in that time, and tWe was a moment when 
the needle had no extra deoUnation, but was in 
that mean position. So also as the hriix moves 
over one quadrant from one. neutral plane to 
another, though the declination of the ne^lo 
produced by ft has not changed in direction) 
but has be^, for ingtanoO, all the tune vest, 
stiU theneedle will hats extdfaitod tvo motions 
going first west during the kcresitoe of tbn powj 

and then east ilddlst k is dtoinWiip y? ^ 
twimee it is that tiieugh these eope^ 

turn of the needUe f iwi tmd 

asdbM Jt,fai m qait iiplItefi t tliW” 








dMSi ^ tin^e .<!Ia)lxi- 

idles as tbs distajiee el the fadix from the iiiee^ 
die iiiGmMB; imd the oontrary^. 

2984; iSro other needles were shmiE (2975) 
very obliqiie to the magnetic axis, one with its 
north end t^iwaids and the other with its north 
end downwards, and these were submitted to 
the aetion of the helix as the former had been 
(2078)^ They were affected exactly in the same 
manneti showing no difference; i.e., a given md 
always moved the same way for die same change 
in position of the helix. If the helix was very 
near, th^ one pcde was a little more influenced 
than the otl^ in certain positions; ,but its re- 
moval farther off took away that difference 
(which is easily accounted for [2970]) and pro- 
duced pure rei^ts. The place of the hdix atove 
or below the prolongation of the line of the 
needle made no dijfertncet provided it was in 
the same {dace as regarded ^e magnetic equa- 
tor of the earth’s lines of force passing through 
the needle. 

2985. For the purpose of establishing the na- 
ture of the action which such a helix, always in 
the given or diamagnetic position (2975) , would 
exert upon the tnolinot^, a small ^pi»ng« 
needle was submitted to its action and the fd- 
iowing results obtained. The neecfie could move 
in the plane passing throu^ the magnetic me- 
ridian of London.. 

2986. There was no deflection of the needle 
when the hdix was in the plane of the magnet- 
ic equator, or in a {dane perp^dicular to that 
ccmtaining tiie me^nicti axis of the needle. 
In every other portion it affected it; so that 
these two {dsmes divided the sphere of aetion 
into lour segments, as before. 

2987. M the htiix passes limn one quadharrt 

to another^ the direction in whuh the needle is 
deflected changesjus befbre (<^82). If the helix 
is intiief upper north tegiiieatortheiowe^ south 
segm^ oraout^ end iff the needle 

id d^ected tolvaids the south; if the hdix be 
in the^iupper south cir lower^i^^ 

jt' 


ed Ibe hdtx li* «aaiad 

4I10 dkttstlim {dsae 


dr paidtfc® ^ tBow 

«Ml tooth aad^fiDot 


diteetdiny ftrlMiMy in tiIttaMr 

tion (2BKI). > 

298S. la otitor woi^ artiee ifa» MMlii 
anjrwliere below tiw m^etie equtiiiff ^ 
him or a<HiJbi eod <rf m needle iend«4 M 
point wtwards from it or outeide of it, 
as it were reptlhd by the aids tiie hifo bul 
drawn by the outer curved lines of foroe^ 

W (2992). Or if tiie heiix were above the equa' 
tor, then the upper or south end of the aeasll* 
went outwards from the helix, moving eiaatly 
in the same direction in rdatto to &e bribe si 
the lower pole did before. 

2989. The support of the needle was tamed 
round 90°, vdiich therefore removed the pbutt 
in which the needle could move 90° fimn 
magnetic meridian. This carried the plane 
no action on the needle 90° round, so riu>t ih 
now coincided with the m^erie mericDam 
and the plane, which, standing east and West 
was before neutral, was no longer a plane of 
indifference, but in fact passed at the mid<fis f4 
the segments throu^ places of steongeot 
action. 

2990. Here, with intUnathn, as before witb 
dedination, it is not the direetbn in whidh tM 
needle stands tiiat determines what actum tit# 
helix may have upon it; for it may be hMubri ct 
otherwise restrained, as ail horisontal needhM 
are; but it is tiie direetion of tiie lines of 

at the needle which, with tiie hriix, govemg 
all The hriix may be above «■ below &e tve* 
limgation of the needle indifferentiy; for K it 
stiU continues on the same ride of the Ihst of 
force, under the influence of which the nelidis 
sots, then the end of the needle moves in 
same dirsetion, though it may tirnvri tomiidi 
the helix fo oee instance and from H in aaotbait 

2991. Isuspended a needle so that it wet 
toniove in every direction, and now tobtefogil 

the rim]^ natt^ effect of the hriix, er e 

magnetic ^bbe (2877) on a girm tine of fo^ 
and it is well to have it in mind. F<n, tbrijdjlt 
we aro obliged for the aslm of praedioal 
tion to divide the porition into two parts,* 
riinationaad ineUnati<m, yet theiesejtobatwn 
ease are murii better soupeied and rtrtipit 
bersd when the simple law sff chertrifinf" 

whafoJfonpfliHoeisreadyintbeiniBrir 

Wttico. Tb40WfttQriai ptcziA xHid itici 
aril sm^nert me only parts in sridrii 1 
inm be wllhoat idteoting the t 

Biedfo; the first given plaeSi {f8» 1 .. 
vrilh a sfobfo imritiaai m the ArtfMt < 
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18 , then the end of the needle^is^st to it leans 
U an If '^t^Ued. tf the hdllx be oan^d 
nMdln'a ditsle<>f latitade, the end of the nee* 
die safes' rbund before it Just like the upper 
ehd t>jF €he ne^lee at Hobarton and Toronto, 
in eespect tb'the Bun, during the midday* hours. 
Instead of moving the helix round the needle, 
rv^'teay carry the needle into different posi* 
tSons as regai^ the helix, and then Fig. iSO will 
represent the result. A 
x^ult exceedingly sim- 
ple, and in perfect ac* 
oordahce with the dia- 
eaagnetic disposition of 
tihe forces produced by 
%J^x (2972), as the 
tMro dott^ lines indi- 
cate. 

2998. As an expres- 
eSOnof the facts for use 
in applying them to the 
extdanation and illus- 
tration of natural phe- 
Bomeda, it may be said 
hi respect to decKno^n, 
that helix being above the needle in a plane 
having dip, and therefore above its magnetic 
equator, if on the east of a needle having ncnth 
d^, it will send the south or upper end west, or 
ifOntheeastof aneedle having south dip (being 
of ckmfoe then itself inverted [2972]), it win 
Ckuise the north or upper end to pass westward; 
i^^eC^g to repel the end of the free needle or 
part of the lineof force nearest to it. In reference 
to the MtnoftOn, ft may be said (hat the helix 
above the needle tends to send the upper 
Oi^ of the needle or line of force from it. If the 
hi& is north of the magnetic axis^ it wiB tend 
tO'isiid the upper end of the needlesouth; if it is 
sOlith, the upper end will go north. As in theoase 
of ^ declination, it is as if the laid of the free 
liaodBe^or line of force nearest to it was repelled, 
ia fact every case as included in this tesidt, 
Ihatdf the heUx be diamagneticaliy adjusted 
^IWTl^i^a IMnisedte, whetJ^itis ato 

that, the 

. iihrekeod M ihe needfo wiU be as if repelled, 

: a neutml pt^OB. 

' 1 Ifepea^ all these ^acpoinichts with 

.l^hslia Mrmeed, so as to give the effect of a 
l^raaiaigm cl air (^65, 2973). I'oeed 

iC^^say, tiiat the effects wOre preriady the 
iihie^la iaalxM and order, only in the vessrse 

aa4y taceiang aAaiM^ 



doe to thef c6dpg of the ateesplieib 
3010). 

2995. In these ei^iedhseints^ that the laws of 
deflection might appear in tb^ ditnpHcity , the 
needle was suspend^ in the air, and the repre* 
sentation of the stm*a action carried round it in 
di directions. But innatuxe the air isonly aboive 
the needle, and the elSith as a magnet is be- 
neath it. In the natural case also, :&ere is the 
fixation of the lines in the earth (2919), wUch 
tends, by holding them bdow the surface, to 
dve ihern an amount of deflection at the sur- 
face, far beyc^ what they would have if they 
were as free to move in the earth beneatli as in 
the space above;^ and though this defl^on 
would coincide with that produced by the peUx 
alone, still it was important to verify its < 

I therefore took a bar magnet 30 inches lj|^, 
and weak in condition, and suspended the nee- 
dle above it in various parts, as so to have the 
effect of north or south dip to any degree, or no 
dip at all near the middle parts. The effect of 
absence of air from beneath was also in a cer- 
tain degree represented ; and to make this point 
more striking, I occasionally put masses of iron 
on and under the middle part of the magiiet. 
The results with the helix were now influenced 
greatly in the amoimi of the deflection, but not 
in the direction. When the helix affected the 
direction of the needle, it was according to the 
above laws. 


2996. In the consideration of natural pho> 
nomena, the magnetic axis, and also the phmes 
of the magnetic equator and meridian, being 
circles or planes of no deflection, are very hn* 
poirtaDt.Chan^gasthey do with every dbmge^ 
dtfaer of place or declination or dip, they re- 
quire some ready means of illustration, and 
can hardly be comprehended in their eCfoets 
Without a model. I have prepared a globeL on 
wlrieh, after marldng the places of the observe* 
tones, I have drawn JJie magnetic meridiasB of 
these idaees as tb^ were last estimated. I bive 
then in another colour drawn for ea^ |dace its 
magn^e eqimtcWr'makiiig a great Ohde 
parcel to the equatorial plaiie of thedip^ti^ 
needle at the fdaee. I Immalsa marked oii 
yhibe tim meanpatii of the sun for eadh moi^ 
asid tile use of adjustaUe pina^fo mdi^^ 

tfae^bc^ before and altwr nocm of 


I wqul^ anpaar above 








8uffid(rat aoourac^ when tiie sun is in nojr'ptwr 
tScwhur qtuMfaaot. car whftiput of ; 

iniNni it poatos o smtr4 iiiM,«ii^ whet ita pch 
ntion in retaiaon to ijfte pbee of 
n« manzust which no dugnsw op figures eonld 
fUPPly* 1 i>ave found tibie i^be very usefui; 
and I nccustoia Borsetf to pUoe it alwAjre in a 
certain position, namdijr, with the tufia of rotar 
tioa fonisontal, the noith pole to my rij^t 
hand, and the astronomical meridian of ihe 
{dace of ohservaison towards the aeni^. The 
observer cam toen legud it as from the place of 
the rwing sun. 

2997. Though we thus have the e^rimental 
conditions of a needle under an acrion like toat 
r^ulting in nature from the presehse of the 
sun (2920), I do not pretend that they can be 
implied without modification to natural phe- 
nomena, but otdy that they give very import- 
ant aid in the riiudy of the latter and the rar 
tionale of their action. The atmosphere, in- 
stead ol bebg illimitable, wraps the earth round 
se a garment; the influence, as it extends from 
the re^n of action, must, in respect to that 
portKm which is conveyed through its mass 
(2920), curve with its curvature, and give a re- 
sult in any particular place, which only refined 
calculations founded upon careful observatioins 
can determine accurately. In regard to the de- 
velopment of the mr action, it would, I think, 
he very inteiesting to aseertaio, even roughly, 
the daily variations of a magnet at the bottom 
of a de^ mine, half.<way up, and at the mouth 
of the jbaft. The results might tell us much 
sbmrt the holding power of the earth and the 
depths to whmh toe deflections of the magneb* 
ie lines of force penetrate, and might even give 
vs a rough expresrion of the changes of toe in- 
ternal power (or the absence of such ehanges) 
when freed from tooee dependent upon toe at* 
m«xhera. 

2998i Anotom' rsasm why the experimental 
rentltemust nothe applied too csiosriy is as foW 
J«n.i(ftoefineadffdsM(rftheemtowimei)erfoetr 
V togttlar, tofoi toficbange produced emoi^ 
toem by toe ana and eir woufo Ito regular iUBo. 
toit as tkjeliatdral. systssn is notregular citow 
“tweeir to* teeiwii «« a* Wstar'a Walk and, 
to Sh. H«tont, .or in toe hi^er leto 
ktdfl%M«t,igmfoeit%toi3r4 so aimarent incour 
^rteneewmay a»d flNtt mult 
%toiitoMtefp«uliev( m toe sur* 

ttotomeMi «l.jll|i«wto’e'toag^tom.'taie in glui 
' ^^sntoaee.ei4fee'.eahto, and toet'dbevw 
mQ' teodto adjiito witoeaehetoer »to*»ew 


legtourtfirtom iltri! toehitc^^ 
iitod;thtor fodUfIMP yery for upwards, e^itoto 
toe oontmtoms of timtoagnatic mmidfois to 
Imea force are not likely to be effoo^ SI 
much dumnfohed* at tonregiou 
the place, of toe atmoeatosre’e effeto, 

2^ But tofouih toe lines am irmgufor In 
toe forge space i^ected bytoesum toa repifo 
will be eiqpansfonof the whole as asystemtod 
diamagu^c polarity. The fines of force btomi 
will be affected by those above; and ao, 
a perfect rimilarity between direct places, fo 
not to be expected, etifi the kind of change ^ 
toe eaito’s surface is not Ukriy to be so uweto^ 
tain as it might at first appeiur.. TberefpreX bor 
fieve the globe (299fi) will be foimd very uekfol 
in giving information regarding the profod?fo 
effects of toe magnetic meridian and equat^i 
due to toe place of toe sun in toe two c hM 
quadrants for any given month <ff toe year, qr 
hour of the day. 

3Q00. The passage of the magnetic mmidfop 
is important, and appears far more so aftm* ^ 
experiment described (2978) titan it did on a 
former occasion (2942). Being very often ifon 
efined to the astronomical meridi^ it imfot 
have great influence in deciding when the daily 
declination changes iu its direction. The ptfoPW 
of greatest action, and its travelling notto Ct 
south along a line of magnetic force aoeordfog 
as the declination was west or east in rtiatfoa 
to the helix as a sun, was confirmed by ga awi 
periment; and the further observation (a emfo 
sequence of the former), that when thesun.’toto 
equidistant from a place more north or emrifo 
than itself, its action was far stronger fa 
side at which its path end the decfiietiondh^ 
tom made an aeute ani^ than cm toe gt^ ! 
ride where it was obtuse, was rise cmfirmech 
Thus if the beUx, momng from eest toitotok 

were iwssmg a pfoew mwto at it Imytog weetiifo 

declination, tbmt the oeticri was strciiRfr: w| 
toe western ride of to* pfooe tosn qn timeissl ; 
for miuri dfotonoes of tim hefixirom3tiMNMij|r> 
net. ' , , ' . . , ' i,;, 

SQOi. The jwsssge M toe magnstiv fotwtoii 
by toe SUB is riso iumortimt, riimettM.dfimgifoii; 
of tim diurnal variation of tiae expcrimenlfo^ . 
needle is tom altered; and tbfofo ed toe imp ■ 
oflusequeoee, beeauss fay toe imat dssnep , 
natairal deriination in »aw pmeoe, «ssnvipfo 
Borto aad eoutii, this passage fo .tiunms;fipii' 
wanito«|udi the satwnomkelmiBridfoivejilfiHk 
on Aaeato ridear toe w»B(^imd smbiafopefo 
{not liiiiinc.tkA nort *1 ■ hmiiff «trf tUii:' 

sttri to to».oei4..Iri«il tooie-iiltoNft 







«l»^Bp^^»^ii[l^4a«tflt HMmWi, mdatfiMM 
IhS'jsffii'c'PBtii, it aaif be'hiqmrlMiiit iii'iida- 
wnount flf iMitim. From tiie diaage 
sun batmen the tropios, «ad tibe 
Mri*i!i^idq>anddeeimationatdiffei«ntirfaMS, 
'tto jttMinl; of the oentral planes by the smi 
, ij^MiBg region must take plaeeundeiF an ex- 
ilian nuiety of conditions; tiie onraveUmg of 
tritleh 1 think will be much assisted by knowl- 
<4^ sash as tiiat which the preceding experi- 
: cpitili and principles give. The son may beas- 
. titiiitntioidly ritimr north or south of tiie nee- 
'.<Sk, ind yet the dedination of the needle not 
Change in difecti(Mi (2980); or if there were 
lidtk mean dec^nation, as at Greoiwidi, then 
; be'astrononuc^y east or west of it, 

lUbd^ the dedination produced not change 
^ in wOotiim. The sun regkm may be south of a 
. and yet send its ui^ier end farther south 
’ffSSO); for all w31 dq)end upon its position in 


. iatift bads, wlddi are in most eases vmy far re- 
liabsed<fromtiiaeeti]atareaStnnioiBi^:add- 
. afi theee causes of variety, there is the 
imnti <d thelineeof force in the eartii (2919); 
' Mdahtsmdstogiveafartherdiversitytothem. 
' N In the former paper I oonddeFed rmly 
' : Itn aSee^of air raised fo tenqiwatUre above the 
Jpasl a -eonditfam (2896), illustrating it by the 
ipf^tdfeot m the middle of the day; note I pur- 
.tiioie honddering that whidi wiU be produced 
cold of n^t, wludi reduces tte air df a 
region bdow the mean air temperature 
. ' BO coded, 

' ips^Mndnetion powm is uuneased; m co^mx^ 
vfipbtiilii the waimw^of sumnmdingteipmw 
r^^tppieibi the fiDee^^ magnetic form pessing 
’iwfogli b(tifa, as nutittated itytite ^le globe 
OHM, 2674), and aeqitiree uhat Z have allied 
■dmAietiMi potarUp ^nridnagnetic); meadng 
. ,;Pnidby th^ Stines of fotee diaw to- 

‘ l^s i r in tiwaadffle of the cooled air. - 
■ ■> -4668. Theoreticalty, the sffeot of a odd re- 
Iptshf dr enniag^ foam the east wottld be to 
-Maks the msgnetie tines of foree, ae they leave 
piMSrih, edvaaeeer bend.towaids it, beoanse 
! thip fo and atmut tte bold av are infleeted n^ 
jfalt; luid so lhos4 immedktely dast of the sold 
toi^^ so thoseiar- 
:-'l|piawt, bsfoghi paitbedsved foom their ten* 
also laoee «as^ aiict thus an eiSiset, 
f.|pg^maiaSttf that tHjbmwia. (2877,' 2972); at 
""" Ipna aetibai of thehsha in the paesaug- 
“Vjltjdtiiaija {297li^:2964)^ wSl be pMdoiitod. 

‘ l^ehdibt’iiMdfn inpiacsa haviug 

ip 't OTf*' liert? ^be 



liass of lerab, boeaaie tlMy tnesb hfv 
ho them. ‘ ri 

8094. So as cold approaidieB, ths Ibies tiSl 
lean towards it ontiiniB in the position of max- 
imum action ha the eastern quadrant;tiien'thty 
will return Qn declination) beforetlmcold, un- 
til both it and the line (or needle) arc in the 
magnetic meridian; after whirii, as tiie cold 
travels on westward, the needle wtil f^our it 
west until tiie eold has attained Hs j^ioe of 
maximum action in the west quadrant (2982) ; 
and then, as the odd retreats, the needle will 
return esst td fts mean {dace; nwaimlng jjlmt 
there is no other action for the time tb«.n ^t 
of tiie odd region. The upper end of tiie 
needle, therefore, at any pven {dace will 
toieords the cold ^on, just as bdore it ten^td 
from a warm region; and as the declhmtioais 
affected, so also the indinstion will be. If tiie 
edd be on the magnetic meridian of a place 
within the tropics, as St. Hdena or Singapore, 
it will increase the dip there, whilst at the same 
manoat it is diminishing the dip at places south 
or nortii of it having considerable dip, a result 
which follows directiy from the inflection of 
the lines of force into or towards the eddre^pon. 

3006 . Ihe chief regimis of heat and odd m 
tiie same paralld of latitude, do not fdOow each 
other at equal intervals of time. It is difficult 
to make a judgement regarding their interval 
in the atmosphere above; but ^ maximum of 
cold on the earth for the twenty-four hours, is 
assumed by many as being seventeen hours 
after the preceding noon, and only seven houra 
from the coming noon. Ihis brings into oonsid- 
wration the jdnt effect of hot and cold tej^ons 
in deflecting the lines of force, espedalty dur- 
ing the forenom and middle of ^ day. If a 
odd legioa be only three and a half hours west 
of a piaoe at tiie same time that tiie waan re- 
gion is three and a half hours east of it, it is 
very manifest that thejdnt effect of the two, 
for botik act thmi to cause the same dafleetioiii 
Will be for greater tiian that of the heat or eold 
alone; <ar aim aity eotteaponding effeet at eth- 
er peifods, lor ndther twelve hourb aftet, nor 
at any other time wiO there be an equivident 
oax&tkn of idreunartanees; and eo it hi also for 

other taanUnatiooB of hot 4^ ooU ti|foni, the 
effoet iff whia Wffi vaty Ifoa by pemoa and 
by tiuir extoati A free aeeiBe fo hm in teaff^ 
by ttw iities,iwhiifo an tiMutivee gg*^^ 
thehot andeoU MgiOMof stBKnpiMN^ 
dffy wm osaRdeafta mma. 
inijnila WvlWUvHBirOI 
MBMiffiail mdiiinM <iff litiiniit* ^ 




8006. As the earth levdveB under thA eun, 
efbdh place would luive, epeakmg gesendly» a 
VQ$aamam and a miniamn of tempentuM for 
its ntizaaphert in the twenty-^four hot;^ But 
iodking at the globe as a whole, Ihere bs 

onemaadmuin and twoimnima, i.e., there would 
be a maximum region isomewhere beneath the 
sun inhis path, and a minimum in each of the 
polar regions; which, as regards the twenty- 
four hours, would not be at the pole, but in 
some place of high latitude, and perhaps, as 
before, seven or eight hours before noon. These 
cold regions will very seriously alTected in 
their extent and place and power by the posi- 
tion of thO sun between the tropics; for as he 
advances to one tropic the cold region there 
will diminish in extent and for^, whilst the 
other will grow up in importance; and whilst 
they thus vary in their power of influencing 
the general direction of the lines of force, they 
win vary in their own position also, and have 
at different times very various relations of place 
to the sun in different months, and so prepuce 
very various effects. It is these differences which 
are made manifest to us, as I bdieve, in the 
night and morning actions at the numerous ob- 
servatories scattered over the globe. 

3007. 1 will proceed to apply &ese views, and 
the additional knowledge gained by experi- 
ment, to the localities formerly considered, and 
to some new ones between the tropics, for the 
purpose of explainixig, if I can, the principles of 
night action; of retardation, more or less, of 
the effects in relation to local time; of the dif- 
ference in direction of the declination variation 
in different months, for the same place at the 
same houxs, as pointed out Coloi^ Sabine; 
of the riiminutbn of dip in one plade, and in- 
crease of it at another for the same kmiU time. 


two ways. The needle teavels as poritivsibr bf 
the iriibdrawil of a direct cause of 
doiM under the iinmediate direct action 
cause, but in the contraiy direction (28^. A 
west^ing may be the ree^t rither of the war 
ing up of the sun on the east of the jlace of olh 
servation, or of its withdrawal in the west, AT* 
ter he has passed over the meridian and pro- 
duced the great east swing. 

300d. 8U Peter Aurgh has a mean dedination 
of 6^ 10^ W., and a dip of 7(f W N.; ihateforeir 
though the magnetic and astronomical merB- 
ians are not very oblique to each other, still the 
sun or warm region reaches the former frw 
to 40' before the latter, and hence the time 
of the great sunniwing, which is from 20 to 1 
o'clock, is made earlier than it otherwise would 
be. The magnetic equator of the needle (TIBftT) 
forms an angle of about 40^ with the earth’s 
equator, and being thus tilted, it disposes the 
two quadrants chiefly concerned in the dally 
variation (2979), so that in the St. Petenh 
burid^ summer the warmest region is not only 
far nearer to the needle, but passes throu^d^ the 
strongest places of action of the quadrants^ 
whereas in winter it is farther off, and also in 
much weaker positions. Hence a cause, as I be- 
lieve, of the great difference in the amount of 
variation of declination, and also of its chai^ 
acter: in November, December and Januaiy, 
it is from 4'.47 to 4'.65 only, wlulst in June it 
is Seethe tables, p. 725, and the cumn, 
PL XV. 

3010. In December or January, behui; St. 
Petersburgh winter, the sun-owing east almost 
disappears. It is over by 1 o’clock,* after whtdi 
the upper end of the n^le fdlows the sun ni^ 
ti) 9^ Imving passed its mean position at It 
then stops, ^ter which it moves east until 16^ 


In doiiigso^it will be necessary to refer contin- 
ually to tii^t place which may be consid^ed, 
in resi^ to the statbn, as tlm osntre hot or 
coldai^tionior ihetime. I will wdeavnur:tQ use 
the wc^n^tpn for that puipose, 
by not the vdiqle ext^t of heated or waxinied 
ab, but the pliioe bf the 

days In iliu^ Beptember,iaff that is 

east^^asmtdian 2lt mr 22t bb war 
^nq^arisem to that waieb is 
then wast bf the same meridka, and tibat a re- 
Bultaiitef iaid!^ wiiidiilhallbethSBamie lev 
^'^labes. uill&notM^ 

8dOA We ato to remember tosA t^ 


or 17^; then again stops, or nearly so, until 21^ 
and then the sun-swing comes on, carrying It 
to extreme east. So here there are two very im- 
portant pcflnts to explain, namely, why the niSe- 
di$ moves eastward aftm 9^, and why it does 
not tmvel westward from 13*^ to 2(P,bixt,on1hb 
contrary, is travelling eastwards or staiiidia| 

» l?lie auWdag and westoning of a free dUpotba^ 
needle are not, properly renreaented W the meeiw 


is greatly exaga«rai 



is pmitssirid in ; nMA 
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ns {olkni«:dt. Fetwtibaqi|b«;a pkuieiB ivUdi, 
from its poaUiaiit tine upper «eld,’(»iue^(asQt 
upon the daily withdrawal tite sun, woidd 
prodttM «. {>airea>ai;nc!l£B action (39&4v SOOl). 
Ihifl aation» as tiie sun set, wcndd b^pn to ajH 
pear <m the.ea8t, and I eondude that«t9‘*-li*‘ 
the odd regkm ecndngup from,ti>e«aBt, noton 
the latitude 6i tiie sun’s path, whi(h is far to 
die south,, but i^obahly near to that of St .Be- 
tenbiufi^ itadf, is aide at 9-11 o’doofc,- during 
wU(h &e needle is datitnuuy, to oountecaet 
any lemhiining tendency westward, and aftor 
dtat to draw the line of fctree and tire needle 
end eastward until 17 o’clock, and to hold it 
there, after whidi tiie stm sen^ it eastward in 
the great awing. That the odd, oonddeiing its 
probable position, may well dkeot the needle 
end eastward till IT**,, and the aun region not 
send it weatimrd from I?** to 20'> or 21S ia seen, 
1 think ; , to be a very natural Consequence of the 
probable podtion of the two regions between 
these hours. For letting the sun (whose .place 
we know) represent tiie warn re^cm at I?**, be 
is then in the eastern quadrant Mow the horir 
wn, so that if he could aJSect tiie needle through 
or rotmd the earth (2995), ti would be to easten 


I may dso pdht out hfMtt for use in 
mer rpo iiftiTe , tiutt the uwidmum heat vsiliii 
three hoots in the o^^NidK* direction; so tM 
whilst &om the hiihest to the lowest tempera* 
tore in the day is only elewen hours in sumqier, 
it is nineteen hours in winter, as may be sem by 
the temperature talde, p. 725. As the day oopctee 
on, theiWore, in January the highest tmopetar 
ture is only five hours after the lowest, which 
accords generally with the assumed cause of 
the effects on the needle.* 

3012. As I am endeavouring to make St. Pe> 
tersburih e guueral case of ni^t action for tiie 
explanation of oorreiponding effects at other 
places, so I may notice that the night action 
must contain a portion of sun effect which com* 
bines with that of the cold. The action of tiie 
sun is known by observation to be very extend- 
ed; in the ease of St. 'PeterBbuigh, the sun, 
when at the southern tropic and on the merdi- 
ian, is between 80° and 90° from the station, 
and yet we see by the observationa and eurvea 
how large an effect he produces (3009). Whei*- 
ever the sun may be, he is by his motion causing 
changes which are felt dmultaaeously over tim 
whole ^obe; and at 9 and 10 o’clodc he is in an 
^eetual part of that quadrant which would 


it, and it continues in that quadrant until lO’*. 
Then at 19*^, when he entme the quadrant, in 
which he begins to exert a westmiing action <m 
the sun, he is in such a potition as respects the 
needle at St. Petmsburgh (as is seen by a line 
drawn over tiw surface o2 the globe [2996] and 
compraed with the magnetic meridian and dip) , 
and in so in^Mmit a fiart of the quadrant 
(2982)t end also so far off, tint it has no power 
to said the neecfie weetward, but only in assoo- 
iation withtitoietreatingeold reg^ tohold.it 
there, until at 21Si<w.thereid»nt, the sun-ewing 
from west toetotooeum asin other cases. After 
fids tiie-needle-fdllows the sun ^n .1 o’doofc, 
bring, ai tim.h.ours advance, gr^ually arrei^ 
eda^ takeeiip by ti» orfid region of the neiti 
twoityrltswrltoHjcSi aselready .desoribed. 

3011..I jhaitoot^jindered the eedd eaateidBgas 
enitinuedtuKtfi as laite«s>17^, wtuch would im.- 
riy tbsA osdilthaibwv^ 

^ wwimiliiff Sti PihnshiUgb. It i« 

^ ifiaimbrtiiBMiSiCff (hiniB 
yett jin«olit«ai:cx|d fq^QBSri&^thf'i^ 

1^ ah a et^ h ew i i.'hcawiswh>gte--ti^^ ' 

«t .CMh? Petoddbias^ Itmay 

... 


send tiie needle eastward if the earth were re* 
idaced by air, and in the representative exper- 
iments with a helix (2995) does so send it eest* 
ward whw a magnet is interposed. The nigiti 
action ought therefore to be greatest in wintei* 
as it is, because the cold is then most intmiae, 
and also because tiie action of the distant son 
ooinrideswithit. Itisvmyprobaltie that many 
of the curious contortions of the night actipa 
which aigiear in the curves of Hobmtim, To* 
ronto and elsewhmo, may depend upon the 
manner in which, at Cerent hours, these two 
causes (probably with others) combine to* 
g^her. 

3013. Ihoui^ tiie detiination varies little tut 
nothing between 17^ and 31^no'west«ling then 
appearing (3010) , still Z shoitid expect a made- 
ed action on tiie inchnatkm at that tuna and 
ooneittde that it wiU he on the inoreose; but 1 
have not been ableto obtain a tatfieof the dally 
vnriatimi of intiination. 
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90i4^tD#e tocAih ef Februwy ihe BarM M- 
od^hito but as the fiun is now coxnlng 
Irm tite acmthem sig^B and drawing near^ to 
9biei«iburgh its power m inereasing, and 
by making the cold eastening for 15^ 
10^ and 17^ less in extent than before by more 
than half a minute (of a degree), and by abso- 
hitely overcoming it and making a return went- 
waar% betwe^ and 18^ before the swing to 

east comes on. In March the effect k stUt 
more striking; the paramagnetic eastening k 
arrested at 14^ and the following diamagnetic 
westening extends to 20^; then follows the 
swing. In April the westening by the warm re- 
^on k as early as 13^ and oontihiies to 20^ be- 
ing very strong. It k interesting to look at the 
table temperatures for these months, even 
alTtiiey are obtained at the earth’s surface. As 
the months come on the eastening from the 
cold ceases sooner and sooner, being in Janu- 
ary and April 17*^ and 13** respectively. The 
minimum of temperature also retreats, being 
for the same month 20^ and 16*^. On the con- 
trary, the maximum of heat advances from the 
winto to the summer months, being also great- 
ly increased; and the effect on the sun-swing k 
seen both in the advanced time of change and 
the increased amount of variation. 

301^. In May and June the night or cold 
eastening has disappeared, or k shown only by 
a little hesitation; and from midnight, the com- 
ing on of the sun region sets the needle end 
west. If we look at the globe (2996), we should 
be led to expect that it would do this. The sun 
k then in the northern tropic nearly, wheeling 
round St. Petersbargh and comparatively near 
to it; and a free dipping-needle would in twen- 
^four hours make one revolution in tJie same 
as thesun region, but at the opposite 
Md of the line, joining '^ two together. If the 
needle were at the astronomical pole of t^e 
having great dip, it would describe id- 
most w mde with nearly unifoim motion; but 
mudi neai^r to the waim reipon 
ofthe imifonn daily course of '^e lat- 
anotiier» the rachus vector joitung it 
the regbn tiben makes a much grmter 
ah^ in a lime than when it k latther 
off,, and hence the greater rapidity of the mo- 
‘Hm bjstween 20^ and l^ .and the production of 
whatlhavefamiharl^c^edthesun-otm 
- ‘west to east. 

/ 9(Ujli It wiU.be seenirom the table of curves 
;* that we have at St. Petersburi^ a 

of that kind of leeult which Col- 
called attention to so strongly in 


hk paper ^upon the St Hdmia phenameta^ 
and those occurring at Hobarton, Toronto and 
elsewhere; namtiy, a declination variation k 
different directions for the same hours in 
ferent months. Thus, in the present case, the 
needle end goes eastward for the hours to 
in October, November, December^ Janu* 
ary and February, whilst it goes west fc^ the 
same hours in April, May, June, July and Aug* 
ust : March and September curves f^l midway 
But thk difference k now I hope by the fay. 
pothesk accounted for (3010, 3015), andl trust 
that equally^ satisfactory reasons will Ihppear 
for St. Helena (3045) and other placei^\(3022, 
3039,3065). U 

3017. The paramagnetic characterof the east- 
ening effect by cold in the winter montlk after 
10 o’clock, would probably be illustrated by m- 
clination observations for the same time; for if 
the cold region passes to the south of St. Pe- 
tersburgh the inclination will be decreased by 
the paramagnetic action, but increased by the 
diamagnetic resultant ;and the mannerin which 
these two dements of direction, i.e., inciinar 
tion and declination, are combing at any giv- 
en moment, k very important to the full ekri- 
dation of the magnetic effect of the atmosphere. 
I have not been able to give these data for St. 
Petersburgh. The total force variations would 
also help greatly to clear up the subject, b- 
deed it k not fair to endeavour to ex^n the 
results of the assigned cause by tal^g only 
one element of three into consideration. What 
we require ultimately to know, k all the changes 
of a free needle in position and in respect to 
power. All are important, and all should be 
considered at once. 1 presume that the tiieoiy 
of the variations cannot advance very far with- 
out their joint consideration 

3018. Greenwich presents a fine case of the 
night episode, and the different directicms of 
the magnetic variation for the same hours k 
different months. In these respecda it k very 
much like St. Petersburgh, but has great^addi- 
tional interest, because of large weeteitide- 
elination,* and the effeot produeed by it on the 
places of tiie active qu^anta^ (2979; 86O0)f 
and the times of the variation phenomena; {k 
settii^ up its potiticm on tiie 

will he seen that the equatoiM 

likely to be much oonem^ in the uriddiy ^ 

tioi^ and that the sow w warm 
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^PhBoiopltM TrwmetioM, 1M7, 

* MiwndecHMtiBamm. tfajminrtlwrt 
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same ttee to tsw&e ili^ 
east very gsesi. ia winder it is mi 

ia xauoli wepls^ pjarts of the quadranti eo 
the swing ought to be far less, and su^ is tiia 
case. The greatest eummer variation is U'«dO| 
and the lecust winto* variation only 5'.88. In 
April) May, June, July and August, the great 
west dedinatbn of the south cs: upper end of 
the needle is at 19*^ 20', and the dbief east posi- 
tion at 20'. The latter position remains the 
game all the year round, but the extreme west^ 
ening is in the other seven (cold) months at 9^ 
20' and 11^ 20',^ or verging towards midnight; 
it then surpassing the morning west deflection. 
Thus the sun's effect in summer, in weakenu^ 
the cold night effect (3(X)5), is very evident; 
and so also is the manner in which the night 
action grows up, until very prominent, in the 
winter months, through the strengthening of 
the cold action (3006), when the sun is towards 
the souths tropic and in the weaker parts of 
the segments. The assumed principles of this 
action have been already given in the case of 
St. Petersburgh (3010, &c.). 

3019. The magnetic meridian is much to the 
east of the astronomical meridian, where the 
wann region passes it, especially in winter, for 
then the sun crosses it about 10 o'clock, and in 
g limm er about 11 o'clock. Hence the swing 
ought to be earlier in winter than in summ^, 
though, because of the slower angular motion 
of the wann region in relation to Greenwich 
(3015), it ought then to occupy a longer time; 
aud yet, as above said (3018), be, by reason of 
distance, of smaller amount. All this appears 
to accord remarkably with the fact. The swing 
begins at 17*^ in the winter but not until 19*^ in 
the summer, and ending at the same hour at 
both seasons, namdy, 1 o'clock, is much longer 
in its occurrence in winter than in summer. It 
hegioB earths, because the magnetic meridian 
k sooner pas^ than in eummer; and the re^ 
son also a^)ear& why the extension in time is 
at the be^nning rather tiian at the temuma- 
tiim of tihe swing; for, because of the deelma* 
tioa, the warm re^n is at thesame houTsmuch 


A4there|^ preset 
greeof nmau deeflnatim here ought to ssii&e 
the day-swing come on early> ie., earim thl^ 
at Holton, and especially earlier than at 
ronto, Unless other causes of variation inte^ 
fere. Now the beginning is earlier than at To** 
ronto, but the end the same. Both the begins 
ning and the end are an hour earli^* than at Ho** 
barton. 'Ihe latter difference 1 believe duo to 
the difference of mean deriination: at Torontili 
I think we shall find another cause influenefasK 
the time (3032). 

3021. We are to remember also that in Wiu*^ 
ter the sun or warm region passes the mapmtio 
meridian two hours before he passes the astro* 
nomical meridian; and therefore his effect 
giving west position to the south or ui^tend 
^ the needle ceases l<mg before it does in SUQ^ 
mer, and perhaps even before it ceases to emno 
nearer; and so the eastern after-effOct en it 
ought to be greater, which it is. This eastern 
effect should be strengthened also, because tim 
action of the warm region on the needle oui^ 
to be comparativdy ®reat after passing the 
magnetic meridian ; for its path forms an obtuse 
angle with the meridian before the passage and 
an acute nne afterwards (3000), and therefoce 
is nmre powerful To all these causes of action 
will be added the effect for the time of the cold 
in the distant west (3005). 

3022, The case of difference of direotion be^ 

fore 19^ (3016) is very marked at Greenwidhy 
as may be seen by looking at the curves for the 
months (PI XV). The south or upper end of the 
needle goes west in May, June, July and Aug-^ 
ust, from 12*» to 19*^, i.e., from midmi^ttofive 
hours before noon ; but in October, November, 
Deoconber and January, it is eastening at the 
same hours. Considering first a susmaet menth, 
as June, the upper end of the needle b wesl^ 
ward as the sun comes onward (as it ous^t to 
be) until 19^, when he is ahnost in the nodddle 
of his passim through the east aliid 

in respect of distanee and angular relation tO 
thenuignetiQmeiid3a]|| the warm region btiMtti 
^robab^, in the place of greatest poWer to 
duce westemng of the n^le end.’ In the mA 


bg and much farther west of it in the abb:»* 
in wtetm* than in summer; hence the 
is thrown forwerdin time m wmter;and 
its terminaticm eomciden 
thetmto^ticm tinemn^ as fair at knot 
cheery 


tlis 4aiims. PI. XV. Ths 



rix faottis tin Mvtte puses to extKtoe eu^ 
ptielotialag, MconUitg to tin 'Oh«r«<i(ta|i^ 
jEoMh oNbowlideswHtg'b 1lw,firstt«9^o4|f^' 
» ImU m ^ stsxt tsn^r ssui b toor&' is 
two, tluejotOw hung 

** It must not be forgotten, &st tlieTenim iMSh 
an eatresioeast or west poeitiwis wlieg 

tff warm region pasBes by anautrel Unsown 
Quadrant 'tp ^ 






^ wiMff Abii k ■ tmm^ !*> Jwmmti > 

Bivir tBpKiiiy nsoraaiBiiigiiia 
hfttog vmtAty. In tW tmirit df tiid fngtoAi 
tSott san Is for about two-tlurds of the time in 
the eastern quadrant, and one^third in the west* 
emi; and his path in the latter third forms al* 
moat the base of an equilateral triangle ^sith 
Oifeenwich, having the magnetic meridian for 
oim side, BO that all that time it is close to and 
therefore has strong action on the needle (3000). 
The sun is at in such a position as respects 

this angle that if we assume the region to be 
somewhat in advance of it, the latter would be 
in that place where it could exert its maximum 
eastening effect; and therefore after that, as it 
recedes westwards, would let the needle return 
h?om east to west, as it does, following it. The 
needle continues to go west, passing its mean 
place for the mmith about 7^; in the meantime, 
More that, at a little alter 6 o'clock, the sun 
has left the western segment by passing the 
magnetic equator; it has not yet set to Green* 
wi^, and if it have any action, it will, because 
of tite segment it is now in (2979), still be to 
jSarry tiie needle end u^ti^ard. The end in fact 
contimies to go westward, slowly only, after 10 
o'dock, gainingaUttlefrom 10^ to 15^ ; and then, 
as thesun comes up, passing more rapidly west, 
as it ought to do, until 19^, and finally making 
the great swing to theeast as before. The whole 
progrestion here is very simple, and apparently 
anaturidresultof the assumed cause, l^ects of 
eocding no doubt come in; but the cold region 
has diminished in intensity and extent (3006), 
has retreated northward, and its action appears 
In combining with the former to produce only 
variations in the velocity of the change. 


tag ktari 

tionaiy until 11*, after which it gbes essl at 
fdani^t imduisi^ 16^; 
axft nr nearly^Bo^ for tivo hours; then tistetig 
agaih; dowly at fi^ and afterwi^s nsdie rap- 
idy, until l^whehtthasattaineditah)m^ 
eastening and the place ftosn wh^oeit setbut. 

3024* This night action is another caes of the 
action of a cold region like that considered in 
respect to St* Betersbui^ (3010). It appears 
to me that at 11^ the imii^iate sun action and 
return west after it, were over; that the epld re- 
gion whicli was coming round froni i||e east 
did then act by its paramagnetic oqidition 
(combined with the complementary effiets of 
the sun's action on the other side of the globe), 
and set the needle eastward, as it worn 
competent to do (2994, 3010) until 14* m 15^. 
In eastening^ the needle does not arrive 4t the 
mean place, but is still 1' west of it ; and the rea- 
son why it hangs there from 16* to 17* and then 
begins to go east again, more and more under 
the sun's action, is probably that, as the sun 
rises in the southern tropics, his distance and 
position bring the resulting distant warm re- 
gion gradually into action with that of the 
nearer cold; that at first he stops tiie action of 
the latter, and then as he advances combines 
with and finally replaces it; causing the usual 
swing to come on, slowly at first and &en quick- 
ly, from west to east by 1*. How this would hap- 
pmi is well seen, both -as respects the place of 
thesun in the southern hemisphere, and in the 
two magnetic segments, by reference to the 
gbbe (2996) and the diagrsun of the curves of 
variation, PI. XV. 


SQ28. Then for the winter, let us conrider 
Ittftuary; and, as the eastening is a maximum 
ip att the months at 1 o’clock, after the sun's 
liiBnge across the meridian, let us beg^ the 
eyrie there. At 1* the upper end of the needle 
is at esctmne east, and the amount ofthe vari* 
rition not half what it was in summer, the sun 
being now fsor off. The sun and warm region 
peas the magnetic meridian about 21* or 22*; 
and tiimfore, in the hours before and after 
should pKOdace tiie M west to east ef^ 
Imt-At t o'riooktimiieedteTetunnwe^ 
hiwtag the retreathig sun, and does n> qidddy 
for seven nr homl} or up to 9*, during 
whirii tinm tlm waim 

E g orid regtan, aihm quadraxits and po^ 
whiriii tf tiriy IriW 

enadtoiatheespa^^ (2976,2995), 


3025. Considering ahotiier and an interme- 
diatembnth as Mar^ ; at 1* the tq>per end of ihe 
needle is at extreme east; th^ until 9* it fol- 
lows the sun as before (80^). From 9* to 11* it 
is stationary; then the paramagnetic action of 
cold from the east m^urs, and the needle movee 
east until 13*: It is then stopped, andtiVohouxs 
sooner than before; for the sun now appeals to 
Gremwieh as eariy ss6 oblock^ aaad iti a mo^ 
fSvomnhtaporition^fdr betkis 


it lias fcsr the thiie its ptaoe; aiiid ho the needfo 
is actuary sent wmit for a » 

then 

the great smNsehig ocerto. 


ud 19^, to aetliMittrifltwto 
titai Hi. 








willt 4te wMu nt tiw ililoe. 

90M. (kborj9mtli8ac«<«<^^i^ 

of Harab ift^xeapaet 1» tbw 

ponding month cm the opponte mde of the ym 
(September) is the same ae March, except in 
that portkm of effect which is consequent Upon 
a month Mowing one that is wanner or colder 
than itself (3058). Oreenwieh therefore satis- 
factodiy illustmtes the application of the hy^ 
pothesis to the case of a (Merenoe in dkection 
for the same hour in different months (8016, 
3022); and also the occurrence of the nig^t ef* 
fect, and its transition into the very marked 
eastening of the early morning. 

8027. The cases Of Hobarton and Toronio are 
so similar, though m oi^)osite hemispheres, that 
they may be consider^ together. A very inor 
portant comparison of the phenomena at both 
places has bi^ already made by Colonel Sa- 
bine in rdation to the variations of declinsr 
tion, inclination, and total force.^ When exam* 
ined by the globe (2996) the distribution of the 
quadrats is nearly alike, the sun being in two 
chief east and west quadrants from about 18 to 
6 o’clock, or during the day. The sun is in more 
influentid parts of the quadrants in summer 
than in winter, and the effect is seen m the dif- 
ference of the mnount of dedination variation. 
At Hobarton it is 12'.05 in summer and only 
3’.6 in winter. At Toronto it is 14' in summer 
and 5'.2 m winter. The night action at both is 
alike in character, and has been sufficiently ex- 
plained according to the hypothesis in the for- 
mer cases (8010, 8024). 

3028. Colonel Sabine has given the data by 
which the variations of the inclination and of 
the total force at Hobarton and Toronto may 
be (xmapared with and a^^lied to the hypoth^ 
eds; but I heritate to enter upon them in this 


hast oit mriji iMi 0 l ^ 
curve advances in tiina in 
months, Ihere is also another aS^ion of il| 
for the qmk$$t trai^tion is from most to Isofi 
dip in some months, as December, Februaifi 
and from host to most dip in other months, as 
J one, J uly, September. At Toronto the dip var- 
iation, though peculiar in some points, may be 
said to have the same ^neral character. 

3029. For the variation of the total force at 
both plam, I will at present only refer to Col'^ 
ond Sabbe’s volumes, and the observations he 
has made thereon. 

8030. There is a remarkaUe differ^ce be- 
tween the time of the day changes at Hobarton 
and Toronto, to which Colond Sabine has call- 
ed attention. It consists in the occurrence of 
those at the latter place, about an hour before 
those of the former. If t^ had depended upon 
the decimation, then the change should have 
taken place first at Hobarton, for there the sun 
arrives at the magnetic meridian before he 
comes to the astronomical meridian, and for 
like hours of local time he is in a better position 
m the quadrant in the afternoon than at To- 
ronto; it is the later of the two. 

3081. If the (me of the sun-swing from west 
to east be considered, the middle of it ought to 
be somewhere near the period when the wann 
region is passing the magnetic meridian (2982), 
and in tlmt way supplies an approximative ex- 
pression of the relative positions of the re^n 
and the sun. The swing is at Hobarton from 21 
to 2 o’clock, or five hours, and the magnetie 
meridian is passed by the sun neatly in the mid- 
dleof the time, or 28^ 20' o’clock. Hutaeoording 
to the suppodtion just made, this is also the 
time at which tiie warm region ought ajbo to 
pass, and so the sun and tlm regkm in this place 


g^erd view, inasmuch as these and the de- 
dmation variations diould be closely consid- 
^ and compared together at every hour for 
^hpartienhMr place. The mcUnation variation 
Hobarton is greatest in its summer, being 
2'.!$^ and least m winter, 1'.28, as was 
^ be axpnaled.* The great variation occurs in 
dasMamo, as withthodeolhatioa; the dip 
bdng most as region passes <yver ttie 
11# gtMteet dip k neb at tin 


^ Fdmaiy and at 2t 

Id, Sqytanbar, at 1 o'clook for JWM» 
; ott aa d» 


appear to arrive at the meridiaa togetheri At 
Toronto the aon'ewiag k about four hoiue in 
winter, w bom 31 to 1 o'riook,«odfive]»)aia ip 
euimer, or bon 30 to 1 b'elook. Of the Uttw 
five bowa toe niddle k 3^ o’dodc, at wtdbh 
tone toe legUmoutbt to paiBover the rnapatk 
soAtidkB, aa toat wtooklee neariy irito toe 
aitrimoiakal maridko, it appeaie toe ikr 
1 ^ k about hour i^ert toe etm. By a riml* 
liffeeBq#rimwitolter,toeregiauwi(^ti^ 
nspeu toba about an hoar before tot 9at$>„ 
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idmon of ^ mam fo^km at T^i^to to 
gBogmpliM distribatfoa of had and ^atn' 
jttok Hie Atiantiie is on the eaat and the e(»H 
, tloeat of Ameriea on the west of the etatioa, 
and an Dove’s ohalts and results intimate^ 
tempi^ture may rise higher and sooner over 
the had than over the water, and so throw the 
warm regbn in respect of Toronto in advance 
of the time or of the sun. In the case of Hobar- 
ton the arrangement is different; and, in fact, 
what land there is is between the advaneiiig 
sun and the station, and would tend to hold 
^ warm air region back, and tend to cause its 
^6 to coincide with that of the sun. Even the 
greater difference in summer than in winter at 
—ibronto appears to be explicable in the same 
manner, by reference to the relative position of 
the sun at the two seasons to the land and war 
ter arrangement. 

3033. Though the temperature on the earth’s 
surface is a very imcert^ indication of that 
above (2037), yet as far as it goes it harmonizes 
with view. The maximum temperature oo* 
CUTS sooner after midday at Hobarton than at 
Toronto ; in the former place it is at 2 o’clock and 
v^ regular, and the minimum at 10-19 o’clock, 
bei^ earlier in summ^ and later in winter. At 
Toronto the nmxiina are from 2 to 4 o’clock, 
and the minima at 16-18 o’clock. The maxima 
are later in summer than in winter; the mini** 
ma are as at Hobarton, being later in winter 
than in summer. The mean temperature is low- 
er at Toronto than at Hobarton, being as 44^.48 
and 63^.48: the range of variation is also great- 
etf bong at Toronto 43^ and for Hobarton only 

isr. 

.3034. It is probable tiiat effects of retarda*- 
aecelmation, in respect of the passage 
bl the local part of ^ warm region for a given 
jjfflaoe, may occur in many parts of the gbbe, 
atid these wiU require to be ascertained forev- 
iiy Idcafity and for tiie cMer^ seasons there. 
. A ptaimlu the reverse portion of Toronto 

wmM Imve a rerawsd or retarded effect; and 
fraaoee It nd|^t happen that needles in the same 
latitude n^t be affected at very different io- 
eel limes, yet all be regularly affected ev- 
ery t«rsnty-four houre. Tte region would in 
that time smkefte diunu^ revolution but vary 
jtt:^vetod different parts at different 

i el ite ti^at in a diffmmt 

, aisd iaiSik iCoa iffffeient latatudeflu and 
at; paste ^ 



the auiHnriag) ^ 


woiiid 


probably boidteced; one ida^hokhi^ tliaiii. 
flumiee longer and anoth^ifiamieBiitg il eoon*. 
er, analogous to two conditions of stable and 
unstaUe eqt^Ubrium^ 

3035. Cope qf Good Bope,^ This station is in 
kmgitude 18^ 33’ east and latitude33^ 56' south. 
The mean decimation is 29^ west and the dip 
53^ 15’ south. The amount of dip, eendnued 
with the position of the place, gives a magoetic 
equator, which passes nearly through the es^ 
tronomical poles, and so the sun’s path in ev** 
ery part of the year intersects it almost at right 
angles ana at the same hour, namelv, ab^t 
20’ past 7 o’clock in the morning andlevening, 
or at 19^ 20’ and 7^ 20’. But becaus|p of the 
great declination, the sun is in the asb 
meridian two hours before he arriveelat tiie 
magnetic meridian in Cape winter, and |mlf an 
hour or more before in Cape summer. 

3036. The sun passes obliquely throu^ both 
the chief quadrants and across their central 
parts pretty equably; but because of the west- 
ern character of the mean declination he is 
much nearer the Cape when in the eastern than 
when in the western quadrant for all themonths, 
and so the coming up effect, i.e., the weslening 
before the mid-day swing commences, ought to 
be more powerful than the eastening after it is 
over, and such is the case. This is in beautiful 
and striking contrast to Greenwich, which, hav- 
ing the same kind of mean declination and 
nearly in the same degree, is on the north of 
thesun’spath, and therefore theluminary panes 
its magnetic meridian before 12 o’clock, and 
for a time still approaches the station: the re- 
sult is the reverse effect to what we have at the 
Cape; for the eastening effect at the end of the 
mid-day swing is more powerful th an the west- 
ening effect before it, as is well seen by the 
curves given in PI. XV. 

3037. Selecting July as the month in which 
the ^eet of winter occurs at the Cape we find 
that the day-swing is very feeble, as it ought to 
be, tiie sun being in the nortbem tr^nc and 
far away; and the swing east is at an nni 
tiireeo’ci^ when the sun has passed by about 
one hour over the magnetic mmdiaii The ^ 

two hoons, fcJkiwing &8 

himhiaty i> low to ^ Gape «ad «t ^ 

After t}^ the needle eed eaatou ilo«^ ^ 
10^, then A Ittle more qukddjriuc^ tddw» 
(paaaiag titA naaa poeitMm' at 
8^ nnfal. W> *rlF, andFM 

« Baa IhUm. PW. 7M. 7f«. and 
FLXV. 
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til 19N iKrheik HkAS Attiuml itsmudcuum^t 
position. *lluB efiteot f bdyidve to bo due to ttio 
cold, 'which in those hours is approaclung frcnn 
tJie easti and setting by its paramagnetic acticm 
(d003) the needle end eastward. On the surface 
of the earth the maximum cold in this month 
is at 17^ or 18^, and as far as it goes this result 
accords with the effect above described. At 
the sun in rising not only stops the easten- 
ing but quickly drives the needle back agam, 
and the latter very rapidly goes westward un- 
til about 23^, at which time ^e sun-swing from 
west to east comes on, being over by 2*^ or 3*^, 
completing the daily variation, after which the 
needle goes west, following the sun as before. 
In this sun-swing is seen the effect of an in- 
clined magnetic meridian (3000); for though 
the sun is, at the beginning, only an hour east 
of the astronomical meridian, he is full three 
hours to the east of the magnetic meridian. As 
the swing occupies about four hours, the warm 
region is probably near the magnetic meridian 
about half-past 12 or 1 o’clock. 

3038. January presents a case of Cape sum- 
mer. The day-swing is then from 21*^ to 1*^ or 
2*^. After 2^^ the needle upper end follows the 
sun westward until and then moves a little 
eastward for two hours; after this it moves 
slowly westward again, the whole effect being 
as if a cold region had occurred on the east, had 
passed over and gone away west, and the tem- 
perature below at this time is within 2° of the 
minimum. This night effect of drawing the nee- 
dle westward (3004) proceeds slowly until 15** 
or 16**, being assisted by the rising temperature 
on the east urging the end still more rapidly 
west until 20**, when having reached its maxi- 
mum in that direction, it at 21** turns back and 
is driven to extreme east in the sun-swing, 
through ap amount of variation more them 
tmee as peat as that produced in July or Cape 
winter. 

3039. 1 think the aboye is a kue explanation 
ofthereversemotionoftheneedleinthemonths 
of July and January, oy Cape winter and sum- 
In winter the paramagnetic effect of cold 
^ is on b^qen 12*^ and 19**, remaii^ longer 
fdde of the magnetic iaeridim;aeit 
Passes foriyard, both it apd the sun region con* 
8^ at 19** to carry the nee(Ue westward, for 
have opposite actions they are 
^ ahte on'^pc«|ite flSdeysof ^ magnetic 

Injlke au^^ mi^n 

" soon 

below li tone boon 


es over, for the stomater am tebehhidriii,%Ri 
then rather aids the sun in eatrying the nee^ 
westward. 

3040. Someof the other months are stSlmmw 
striking in summer effect. February baa a sudag 
through 8' from west to east between 21** and 
1**; tten from 1** to 3*^ it scarcely changes; from 
3** to 6** it foHows the sun west; from 6** to JG** 
it varies but little, showing the merest trace of 
east effect about 8**; and after 16** it passes west 
more and more rapidly, so that by 21** it is at a 
maximum west, ready to swing back as the sun 
region passes over. The other and intermedi- 
ate months are easily traced, and found to be 
beautifully consistent with the same prin€i{de 
of the hypothesis. As is evident, m almost ev- 
ery case each montii partakes of the character 
of the preceding month in some degree, though 
not so much in this case of the Cape asm some 
others (3053). The curves of December and 
January are more equal. 

3041. The time of the sun-ewing Ulustrates 
exceedingly well the effect of the inclined magr* 
netic meridian (3000). In November, Decem- 
ber and January, the swing is from 2^** to be- 
tween 1** and In these months the sun crosses 
the astronomical meridian about half an hour 
before he arrives at the magnetic meridian. In 
October, February and March, the swing is 
later, being from 21** to 2** or 3**, for the sun 
then passes the magnetic meridian an hour or 
more later than the astronomical or time 
ridian. In September, April and May, the swing 
is still later, being from 22** to 2** or 3**, and the 
sun is still longer than before in reaching the 
magnetic meridian. In June, July and Augu^ 
the swing is latest, being from 23** to 3^ and 
the sun is proportionatdy late in arriving at 
the magnetic meridian, ^at 1 descaibe ae tibe> 
passage of the sun is of course true of the warn 
re^on which precedes it; but I prefer referring 
to the visible type rather tiian to the invitibie 
reality, because it ties the oonsideraticimi 
time more timply together^ 

3042. The m<^l^tion at the Gape vartes 
gukrly in the twenty-four hours, dq^dte^;! 
think, uponitemeemdepee. It is su^ that tm; 
wannand^ccddiesnttants'ctf ac^ theGai^' 

will famseftimes be above the line of ^ 

sometimes bderw nc^eply 
of the year, but I tiunk m some seasems, 
at different times of the day. It would iwqprik 
much attention to unravel the whde 
June, August, whe&4Ua wiii«^.te 

warm region are great^ to ibniittf ol iBw 
Cape, It that is isiereBdBed#a> 




tl)L« c^theneedtel&el^t at Hobaitc^ 

(2909) ; bttt in November, December, Januaiy, 
March and April, thedipdiminiriik 
at timt tee, and the resulting rotation of the 
pole is of the contrary kind, or like that at 
St» Bdena (3057) and Singapore (3061, 3067). 

8043. The daily variations of intensity at the 
Cktpe are remarkable. In the months October 


8046. St. Bteei iMsi^ 

south Atiantic oeean b removed about 1900 
miles from the nearest land. The Icmgitude U 
IP ¥f west, the latitude 15* 56' South; temte 
declination 23* 30' west, and the mean dSp 
south. Hence there are three quadrants con*- 
cemed in the day action of the sun, espeeieilly 
when that luminary is South of the ^uator. 
The sun is south of St. Hdena itself in te 


to April it is at a chief maadmum at 19^ or 20^; 
by noon it is reduced to a minimum as the Sun 
passes over; gradocdly rises to a second maxi- 
mum about or 5^ and then, after sinking a 
little about 8^ or 9^, reaches the chief maxi« 
mum about 18^ or 19^ next morning. In the 
months from May to September the cMef max- 
imum is at 21^ or 22^, which is followed by a 
-mudmum at or 2^, due to the day effect. 
Then comes on the 5^ maximum, and after thir- 
teen hours or more the second minimum as low 
almost as the former, and only three hours be- 
fore the chief maximum; so that this maximum 
is placed between minima close on each side of it. 

3044. These are exactly the months during 
which the upper end of the needle moves east- 
ward in early morning up to 19^, and that is 
just the hour when the minimum intensity oc- 
<!urs. Prom 18^ ot* W to 21** the intensity rises 
to a maximUim pM^Nlv lines of force 
are movtnfe the sun region, 

prior to theinjMH east; and as they re- 
turn in theh^PpiK^mey so the intensity falls 
to a minimuni again, and is at that minimum 
at or 2^, just as the swing is over. Here is a 
very dose connection, and it is curious to see 
the needle end at east with minimum power at 
18*^) and agiun also at 1^, remembering that in 
tet tee it has swung from east to west and 
fanek to east again. 

3645. 8i, Heiena.^ This is a station which 
Ckteei Sabine has dbtinguished as of the high* 
eat interest; being near the line of least force, 
Witten tiie tropics, and with little tegnetic tn^ 
eiitiation.^ It was here also that lie called atten- 
tion to the stiildng fact that tiie course of the 
needle is in eomomonthB in one direction, and 
in other mcmths m the contrary for the tnme 
hours cd te day l>e la Sive atte 
fettafin tiiistet,^ but Batee has stated tet this 
ieq[)lan$tion is not satts&etory.* 

^ te talhn, no! 764, 7es> sad curves of tariattoii. 

Ite 


tiMt Aaifdri .dSksMs* May 


months of November, December, January and 
February, or for nearly that time; it is north of 
the island for the rest of the year. At one time 
the sun p^es the astronomical meridian be- 
fore it arrives at the magnetic mericuan, and 
at another time the contrary is the ca^ In ad- 
dition to these peculiar circumstances, 6t. Hel- 
ena is a place of great local differences,\and al- 
so its dip is so low that the sun’s day Meet is 
almost constantly to depress and lessei^it. 

3047. In June and July the sun rises to St. 
Hdiena in the south-east quadrant; about an 
hour after, it passes into the north-«ast quad- 
rant, and crosses it towards the southern end, 
being then at mid-distance in the quadrant 
about one-third of the length, or nearly 60^ 
from the southern termination. It leaves this 
quadrant about 1*^ 20"^, crossing the magnetic 
meridian at that time (and consequently so 
long after passing the astronomical meridian), 
and entering the third or north-west quadrant 
traverses it obliquely towards its northern ex- 
tremity. In our winter, December and Jami^ 
ary, the sun also rises to St. Helena in te 
south-east quadrant, as before; but it xmw la- 
mains in it until 22^, being for much of the 
time in strong places of action; it enters the 
north-east quadrant to the south of St. Hel- 
ena, and does not remain in it two hdurs, tteg 
then only in the weakest part of it; it leaves it 
again b^ore arriving at tiie astronomical me- 
ridian, ten enters the north-west qimdratit, 
gliding along near to its southern ride, and is 
within two-thirds of an hour of leaving it When 
it sets to St. Hriena. 


8048. As June presents te aspect of 
stanbes approaching nearest to tet a ela*^ 
tion i^rther south, as Hobarton or te uspM^ 
I will consider te variations for it tet. the 


north or upper ehd of te needbis 
at its team place at midnight 19^: it 
Vances Obst (sloMy at first) until 16^, and fhM 
more andtehrapMljrup to m when It 
and good eti quiddy West imtU akait 99^^ 
which it tengrir but Bitie uteB b 

mtee mri te 

19^, te ten onwadNb to IS^ te 40411^ 
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beloi^^I «# «n«^^ 

tlw «oU^ iriiSili 0QbM9 np fiom tb»«M( M b^ 
fate (3003, j302S« 301^; tiie n 4 »id iiwreeee el 
#ii»eeBMniag lO** to lO** ie (Mmeuteat 
tbe JbMraMing eodd of Ifie eajiy motning, ami 
allo vitibi Uie <lrau»Btaooe, that the nm amd 
its reiwemtative legion ai« th<»v paadng from 
the eoath-Oaet into the nor^-oaet quaidraat, 
and muet be not far frcnn the neutral line, for 
that ai the time of quickest transit of the nee- 
dle. As the sun advances into the nortivieaat 
(piadrant, it first sti^ the eastening, as at 
and tiieu eonvwts it into westening (3014), 
which goes on contdstentiy with all former ol^ 
servations until 22''; the needle is then retained 
a little west of its mew position until IS at 
which time it has not yet attained coincidenee 
udth the magnetic rneridiam, and after this hour 
it is determined east a little until 3^. This ef- 
fect, from 22*' to 3S I consider as the sun^ 
awing to the east; and 1 think, examining the 
l^obe (2996), its small amount in declination 
is quite conastent with the rdative positions 
of Helena and the warm region, combined 
edtir those of the active and neutral parts of 
tire quadrants traversed during tire time. From 
S'* to S'* the needle end moves westwud, fol- 
lowing the sun; and that effect harmoniaes 
with ^e idea that tire previous holding of tire 
needle in an eastern position, from 22*' to 3S is 
the sun effect: then the slow eastening horn 9' 
to midnight and beyond, is the cold effect com- 
iagon. 

3049. CJolouel Sabine has shown that the 
montin of May, June, July and August, may 
be rknnrd t(%etber, so that I will not spmk of 
ea4JWhilGA they s^w the analog^ they have 
betefnsn themselyes, they dso indicate the 
tiMutitions to and from tire other months. l,iet 
ueecfntidm<S^tembet. Frcnn 7", through mid- 
night i(m to 16^, the meedle stands nearly at the 
Meam From 16'' to 18'', the upper or end 
eilitauihloHid^ the #e<di of tire early morning 
epid. That tin esnteningnhouki be folly sffei^ 
ed ha hour sooner than Wore (3048) is quite 
estisisteiMi with ti^tepitrqhliles, for the patii of 
an ijL nMBfkm M far iwmr 

tojtiio idatiou than befb^ 
gtipaW. FWnl^ftpiiR^ yt (ntidstiuend w 
UnW jh eoafotsoiliy with ell hmnm pbsenmr 
thW then eomes m, tin sunwraduff fem 
to eeet, betwem 92^ sad 24^, aa44i, ho^ 
l4«dniin aetd an jhiw loB^ 

fil ttidu ki 1 thinL a 

mffji ip V fulfil 'Vti •rf 

ip |ai 4 i& 


tiiaMaieepesetamd'.«4i^in«9edM^^ . 
place of eheervatKmi in isaa .than balf tijij»-pi 
of tin fotmer sun effect 4a June <3041). AfiB 
this.tin needle end tiwvtis west from 1*' to#!'* 
following' the, auB <aa fxn .other ocestinn; aW - 
then fromj^. to 9^ it moves a little east by tho 
eveidng ocddin the wA, and remaim mac tiro 
mean pontion until tin grasterjoold beforonW 
rise (3005, 3011) takes it arore east.hstwwsil 
16'^:and 18''ef .the,.oomiagday. . . . .. 

3Q50> In looking at tin ounrep (d. yarigtligi 
(PL XV), it will bje seen that thcfcurve for 
next month, O^oher, is repaarkable for bsiug. 
like in general character wtHh^ and yet fWiPn 
moved in place from, th^' of SepteW^; 
this effect appearsdue to tin drcurnstanee tiipA 
the sun has now arrived at thp latitadc; 

Helena, or mwly so. Aeeordmg to ary sn^pUfo- 
tion, there has bWr a fseUe r^d^t (30i0){ 

and at midnight the medic is attherne^ pfMd^ 
tiou and moving tiow^ Wjsstwaid^ When th# 
greater cold wluoh preo^es the sunrise ocw^ag; 
into action on tin east, oounterbalauece aW 
arrests the westmn progress, and, ersn.drame 
tinpeedls, as before, east a little for . a couple 
of hours, till 18''. Even the sun r^oh ipat 
in that quadrant (tin southreast pi;e),8o tint it 
it could act on the needle it wpuld emtiP 
with the cold.in the next pr north-'east,qiWi 
»nt in Bating iteatiweid,.By 18^ ,bo^ tW 
pFeoeding.cQld.rogiQir.ajnd tinloUowingiR^y'reit 
sdon are so far ^vamW in thrir roiWdlNi. 
quadrants that tiny cosabineto cgriy the 
die end west as before, isD^ . 2 i 4 
comes on the swing from west to esetUW)^n^y 
^(y t^ be^ 

swing, Sj^naro ^he i^^i^eaWjpoucWei. 
Up up<» the latitude of St. Helena,.p so ’ 

tothermgsetio meydiliaa jnon).]M^ 
erful^i’aad also'aoQoar Wi lougst: tiso tW'. 
because^ tin mean dscHnation we<t jt 

fmlnta fmm.fMiii.tMUMflii ^ 

yr 

magustic wpuis^ also,froia;«tii> 

sihotnf an aocuondative aotioo added, to, it 
fimn fQmw.mestiia (3053). < 

-3051. At l..a*s)ook tin nWUe begW 
from extroma aaat^ W, sooner than us.tiro 1^' 
mer mentiys, heeWn tin magnetic anridWw 
sooner .^siWdt’ and iolkiws 
whai.it sh^ and then theevsnmg .oridpi . 
action dqe-tootdd appearing in tin-wdiw$ni 
thoasedlf! he^ eastward tifi-ltP, aadi,ti»n|*P 
it Mlvaanro hi the quadrasd fria. 
tiimil«ti|,a8ai9,<3004) :Uida;betp(n»|3^iSp!il 



ma^At sm30mm^ 


toU ra^n then appears to draw it westwcypd 
until 16^, wfa^ its distanee increasing, it re* 
leaito the needle and lets It return east unt3 IS 
o^doek, when the latter is still west of its nor- 
iaal petition, and then the sun re^pon rising up, 
hetp^ pm^haps by the cold that immecMatdly 
preoedtes it, which is probably now over o!< b^ 
yend the magnetic mmdian, sets it toward the 
Weet prior to the sun-swing* 

3052. In December and January the sun is 
so^h of the station. This makes no difference 
in the general character of the curve for these 
months; nor should it according to the hypoth- 
eds, except in this point, that though the sun 
is very near to St. Helena and has the cumula- 
tive effects of tiie preceding months (3050, 

added to its own effect at the time, still 
'it is in weaker parts of the quadrant, and whilst 
in the chief segment is almost up in the comer 
and near the place where the two neutral planes 
cross each other; hmice its effect ought to be 
tsss, and so it is; for the sun-swing of Novem- 
ber and February is larger than that of Decem- 
ber and January. The sun-swing happens in 
December at the same time as for October, 
though in the latter month it crosses the mag- 
netic mmictian after, and in the present before 
midday: still there is only half an hour’s differ- 
ence from one to the other, and the observa- 
tions are perhaps not close enough to allow one 
to separate its peculiar effect out of an interval 
M four hours. Besides, accumulative causes 
may interfere. The places of the December 
curve are altogel^ a little more west than 
those for October. 

3053. Tfae' cumtdofwe effect of preceding 
mostiis is .very'importimt luid well4hown at 
8t. Hdena (3050). Thus, taking the Septem- 

dirve and comparing it with that for Octo- 
ber or the follovdng month, we have a great 
diligence of a certain 'kind; then again Com- 
paring September with the month in which the 
Sim is retuimi^ from the southern tropic inr 
prooe£hng to It, and Ims arrived at 
^^Catne position as it had m October, another 
stiil^g differ^ce appears. March is the near- 
dri; month for the sedmid comparison. Up to 
30^ itC curve ijianges like tiie October carve, 
of the neetSe is all the time 
^ tf^hsJfamrnirieearioftts place in ^ 

At the needte in Oember begins to swing 
lo west, ml reaches extreme east at 24^: k 
v ants 21^ then returns ami 

east SI so that the ewMs 
itfiim hbor-bter, and during that lime the end 


fa.frcnn faitf a minute (of ipacb) to a mkate 
more west ilam k Oetoben Hdstlfierenee l 
b^eve to be due to the oumulative effects 
the months between Obtober and Mareh> das^ 
mg which time the heat has been dimkidii^ 
k the northern hemi^^here, and kcreaiAsEgin 
the south. Bknilar results metiier months make 
it probable that the effect of the atmospbme, 
though induced by the sun, lags bel^ tiie 
lummary conrider^ as in his astronomical po- 
sition all the year round; and that thereforek 
advancing to and receding from a tropic, he 
seems to do less k the first instance and more 
in the seecmd than is due to his plaed for 
time. 

3054. But where circunistanees are i^arent- 
ly equal, a difference also arises. Thus from 
March to April k one direction, and from Sep- 
tember to October m the other, might w ex- 
pected to be alike, except for a little of tl^ lag- 
ging effect (3053), which would appear on both 
sides: nevertheless March and April are in Sa- 
bine’s curves between September and October, 
and near together, whilst the other two are far 
apart. This effect I refer to the different condi- 
tions of the two hemispheres as regards heat 
(Dove). From September to October the sun is 
parsing from a hemisphere havmg a mean tem- 
perature in summer 17^.4 above that of the 
other hemisphere for its wmter; but k March 
and April it is departing from a hemisphere 
having a mean summer temperature of only 
10^.7 above that of the other hemisphere for its 
wmter (2949) ; and these respective differences 
must tend to separate September and October, 
and bring together March and April, as is seen 
to be the case by the curve charts, PL XV. 

3055. 1 need not go further into the delcina- 
ti(m variation of St. Heleim: the lines for the 
otiier months are subject to the observations 
alrc^ymade. ColonriSabine’simportant query 
of the cause of difference in direction for differ- 
ent months (3045) appears to me at present to 
be answered for tbiB station, as well as for the 
other stations, k very various latitudes where 
it makes its appearsnee (301fi, 3022, 3039). 

3056. Hie i%at St. Helena is adafiy yaria- 
tibn very sirnfAek ebarader, behig a 
at 7^ and a minimum at *22^ and 23^ with bblf 
one progresrion. It proceeds to its Tnlrtfitutn 
tiierefore k the rnkcfie of the sim-ewhiA iA 
t^ upper end of the needle proceeds^ Wiri^ 
ami d^eends bom 11^ to 19^ or 26^, dnfkg 
which time therefore the dip is deorearing; then 
it retuftrs east until it reachCi) the 
rition, the dk decrefiekg tiiewhMe bMA 
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The to gd ^ewsrt^ tt>' the ean/wto saver toe w 

jjtoto toefilie^te^ toe^Sp mmtoaes;^ be(»U8e tomisdi^^and tbelineeof for^ 

at 2%^ or 1^ tbe neeifo retards (in deelioaticm) 


efter the sim westward, but still xinth mereae* 
ieg dip; at Or ^ the westening has almost 
eeased, and sn hour after the dip k at its max^ 
imum. 

3057. So as toe stm and its r^on pass over 
they diminish the dip by depressing the upper 
endk of the lines of force, and as they i»s8 away 
toe lines rise (2926, 2937) and the dip increases. 
The ellipse or curve, therefore, which repre- 
sents the motion of the upper end of the n^^e 
at St. Helena, as toe sun comes up from the 
east, k above westward and downward, and 
back below to east; then rising to be repeated 
in the next twenty-four hours. This k the re- 
verse direction to the representative ellipse for 
Hobarton, having like south dip in a greater 
degree. But that is in perfect consistency with 
the hypothesis; for as the region k located 
above in the air, it is above the angle which the 
dip makes with the horizon at St. Helena, and 
therefore ought to depress the line of force and 
lessen the dtp. At Hobarton, toe region bring 
in toe tropical parts is within toe angle formed 
by the line of dip with the horizon, and toere- 
fore deflects the lines of force upwards and tn- 
creases the dip, and so the portions of ellipse at 
the two places, 'which correspond in time and 
direction as to decimation, have contrary vaiv 
iations of inclination. 

3058. Singapore} Thk k a very interesting 
station: being in longitude 103*’ 53^ E., it haA 
only 1*’ 16' N. latitude, and so k close to the 
equator. Its declination too k only 40' E., 
and its inclination 12*’ S. It k also near the hne 
of weakest force round toe earth. Th» mag- 
netic equator of the needle k almost parallri to 
the earth’s equator, and toe quackants (2929) 
are dktributed with great rimplicity, the mag- 
netic and astronomical meridian nearly coincid- 
ing. In our summer toe sun passes torough 
the east and west northern quadrants during 
toe daytone; in our wint«^ toroujto the east 
and west ^utoem quadrants; and in certmn 
numtos torou^ all four quadrants, following 
nearly toe neutnri line of the maghetie equator. 

80^. Hence If toe line of force were free, i.e^ 
if it had no hold in the earth (2919), we should 
eskpect from the hypothesk little or no ehangs 
a toe needle, esp^ial^ in toe montos wriM 


govern the needle are to the south tied up in 
the earth (2929), whikt they are free to move 
in the air and space toward tim nmth, so theie 
kvariation both of the decimation and inclW^ 
tion inaperfectly consktentmanner; and keep- 
ing thk in mind, I think we shall have no diffi« 
eulty in tracing the monthly results according 
to toe hypothesk. 

3060. In toe first place, the curves of day 
variation are so like t^se of St. Hriena, month 
for month, that the account given of toem toere 
will suffice for the present occasion (3048). The 
sun-swing occurs at the same peru^, a^ toe 
effect, dependent, as I suppose, on the riiam 
acterof the two hemkpheres, k produced (2949; 
3054). There are however striking differences 
in the latter part of the sun turn, and also in 
the ni^t hours, from 5^ to 14^. The amount of 
variation appears small; but thk is chiefly due 
to the circumstance that the horizontal plane 
on which we read it, almost coincides wito the 
free needle, and so the coirection before referred 
to (3009, note) necessary to give toe true vahm 
of toe variation is here very small. 

3061. Considering June first, as at St. Hel- 
ena, the upper needle end moves east as before 
until 19^, under the influence of the momiog 
cold, after which it stops and k sun-driven west 
until 22^, when it swings downwaids and 
neato to east by 3^; then follows the sun west 
until 7^; it then stops and returns, creeping 
more and more east because of the ocuning 
(3065). In July the needle eastern a Bttle more 
before 19^; westens until 23^, and thmi eaetens 
until 4^ The eunniwingk tolls thrown an hour 
later than in June, which I foriieve to be eost- 
nected with the accumulation of heat over toe 
land (3054), combined wito the lagging 

of toe sun (3053). In August toe needle ^ 
east^ until 19^; more toan in July, and meet 
of ail tiie months: it toen westens strm^ly be^ 
fore toe sun until 23^, after which the sttUr 
swing comes on and oontmues untfi 5^ as if toe 
warm regkn were briiind toe sun, perhaps even 
2^ The time of toe swing k much prclongedi 
and not unnaturally, as the place k at toeeqtkl*^ 
tor and therefore under toe son. In S^ktentoet 
toe eastening k less, ^ westening k lesi^ 
toe smHmihg k less. April k hke 
«m^t tosa the latter idi^cws tte 
previouiEfy wanned hexrikphere (8058). ' 



30(BI. Then theio are four merntos in toeyear, 
Nqxknilkr, ttecoitoer, Ipmnaiy 
when toe sim k souto klfittiii^^ 







(•to dnitMC liw dty Itt «en<l^ 
i*ati (aoiS8^» A« the «tt oonm OB ftoia 16^ or 
^ pert of ttw fine of fonse moves 
mrtwanl (the lower brtng fixed in the earth) 
Wtll Ifior 20 o'dock. Hie son is at this time in 
the southeast quadrant, and it might be ex- 
peeted peihaps that the motion of tiie north or 
aK>er end of the needle diould be to Ihe east if 
1mm were any diange at all But there are two 
mr tiiree reasons, &om the hypothecs, wdiy this 
ebould not be. For that effect there should first 
of all be no dip; and in the next place, if thm 
wm no dip, the sun is so nearly in the neutral 
fine of the magnetic equator that the defleo- 
tion, if any, woidd have been very mall. Chi 
the otiim bind, the lines of force have dip to 
tiiB south, and being therefore held m (he e»th, 
that travelling of the sun along the neutral line, 
"Whidi in its coming up would have sent the 
whole line of force west, and so caused no var- 
iation of declination, can now only send the 
northem parts, as tiiey rise out of the earth and 
are carried on with the general system of fines, 
west, and so cause that western travelling of 
theneedlewhiidi does ocour.Besides this, tibough 
the sun he south of that neutral line and also of 
Singapore, there is reason to suppose that the 
mn^e or resultant of the warm region is north 
evmiof both (3063), which would ^ the west- 
«dng of the needle just described. 

30^. For if we recall to mind Dove’s results, 
they show tiiat the northem hemisphere, as a 
wh^, is warmer than the southern (2949). 
Agein, if we look at the meridian of Singapore, 
we find that there is far more continmit 
on the north of it, to produce a higher temper* 
atiuB, than to the south ; and even by the local 
tnUrnOf tenqperature (p. 767), we shall find that 
lA^, JunSi July and Augi^ are the hotteirt 
lao^bs forfihigapare, andKovembor, Decem- 
bSTt JanuaryaodFebiiiaiy theeddest;all trnid* 
log to make us ti^t the warm reg^ of 

tissatmoephm is relativtiy north of the sun’s 
ifiase, and pmhaps even of EKngapore (3067). 

>2I)6A At 20’’ the sun-Hoving from west to east 
Mmes OB, and oontinues until after which 
fihe jssedle moves westy following the sun, until 
or lie when it is nenr the mean; it stiff goes 
m uwsteniBg very skvw^ until 17>^, wbm the 
AotkMi twlriftff it tip ft-***} drirai it 
]BBaaquitihiywe(rt,iutil about 30^, whm the 
east oeenrs. Hw curve in these 
HuMit^ is tury shnpie ih its eharaoter; the 
i «r oeitUissi si^psaiw to bsi but intidb 


a9eA.l!he«sMsti2>ms«am#of 
end in May, June» July and Anguety imd tige 
westerly movmnsot In NovasebMr^ Deoesoheti 
January and February, fm: the same beuisy up 
to 19 o’clock, are in stiUhig oontraet; end <1 
have attribute the differenoe to theefi^ of « 
cold region coining on from the east during the 
former months (^1), which is absent in the 
latter months. In reference to this pmnt, we 
have again to coneader that the warn reg^ie 
on the north of the equator (3063), and that as> 
tile sun moves nortii and south it also will move 
with it, but stiff keqnng north of H. Hienee ^ 
two eoIdwsgioDS, wMtii crnne up to tiu maid* 
ian in hi^er latitudes (3006) beforelthe sun, 
will not be in the same relation to Smgapore, 
for the (me on the south will be neaser to it 
than the one on the north, or at all eveiw mine 
powerful. So when the sun is near anm at the 
southern tn^c, the warm region prbbably 
passes over Singapore, at which time, tiioefore, 
whilst it is the nearest, the most powerful an<l 
most direct in podtion, the cold regions will be 
feast in force at the station, and least f»* 
vourably disposed by position. But when the 
sun is at the northem tropic, then the power of 
tiie warm region is diminished, both bv dis* 
tance and direction, and the southern cold re* 
gion grows op into importance by increased 
strength and closer vicinity, and so produces 
the eastening before 19^. 

3066. A striking difference in the direction of 
the night curves, from 6** to MS at St. Heioia 
and Singapore may be observed. At the former 
{dace the needle end tends first east and then 
west, whilst at the latter it moves first west and 
then east. The difference is, I believe, due to 
the appearance of night cold action at St. Hti- 
ena to a greater extent than at Singapore. Sinr 
gapore bIiowb that action in June, July aod 
August, as just described (3066), but only in a 
we^ degree sod at a late hour. At St. Htienar 
which is in latitude IS^S., the cold effect should^ 
for the tessoos given shove (3065), iqipear in 
more power, ami hoiee the eairteiuog at 6^ and 
afta; and tiut tiiis is the cause is indicated; afr 
so to a degree by the tables (d toumeiiatqmj fiji 
whilst at Smgapmre tbediffeimice between the 
maKiiMWft ai^ mtoimwiii to ihe tw«ity>#]i‘ 
horns fr oidy frtm-S* to at Si Htiwe H fef 

frm 4*,6 to and fewHSftiu or even ftfp« 
atofhe of tide deprsastoB Deems by 9 
so that four ot five houn before that, liwe 
was to the east* ootdaegton eondim w><«aid 
proauwitttw wwct 

eurvfls. 
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pftptfKi tifotfl t h ft f warm kft(thdtiopio8«11jii6foro0i8the!6ASt towi^ 
»^iriMDiMu|ii«ih«»«ridira alwayabe- noon, whan I siQ^oBe tbt I4»# air abowkia 
jagoTorthelbastodeiffeBitiieiD. Itisa^ln the 'mitst (addition oloraduetion, and 
all ti>e B wMba, faeutg greateat at nig^t'time eaiueamaiKttetinittodiowinoie power. Bat 
and toast at mi^sr; it to nearly the same from how that nuQr affeet the ourvea beneath on tfaO 
8’^ to 1^; then aa the sun comes up it decreases surface of the earlb, where they are oomimBsed 
(juicklytmtil28^or24^, afterwhidiiasAesun togedier, to doubtfiil, and the whole matter of 
P««att away, it increases nearly as quickly un> intensify to too uncertain and has too many 
or The amount of variation to greatest bearings for ine to contoder it usefidly here, 
when the ann to over or to the south of Bingsr 3069.1hopeaoontogivefurthweq)erimea 
pore. It to toast in June and July, whaihe fa data for tbe purpose of fflustratiiqs and testtog 
near the norilm frojw. In Decraaber and the view of ti»e jAyaical cause of fbemagnetie 
January, udien he to near the southern tioiac, yariadons wMor I have put f^, lu^y^ 
it to more than in June and July, those I expect to obtain by thediffenmtial bafr 

which ayfa nemw to show that the warm re* ance, and others conoeraing the saisible Mu- 
gion to dhfefly north of the sun (3063). ence of oxygen in causing under diffwmt ooa- 

3068. Ihe total force vaiiathm to suniie, be* dition8,defle<!tiooof thebnesofmagnetacforce. 
ingainaximumfrom9'’tol2'‘,audamiiumum ' 

at 22*“ or 23^ near noon. The greatest variation Boyd InMtitm, Nopmier 16, lew 



CAni or Good Hofb. Lonf^tode 18^ SO' E. Latitude 33” 56' S. Declination 20” 05' W. Indinalm 53^ 15' 8. 
Mean Diurnal variation of the Declination in each month of the years 1841 to 1846. 

Inereacong numbers denote a movement of the north or upper end of the magnet towards tire East. 
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Sf* 40^ Wert. Latitude 19* 56' Soutii. Dedinatioa 23f* 36' Wert. Inclmati<m 21° 40' South. 
Mean LSunud Tonotion of the Dedkatiou fen* tiie years 1841 to 1845 indusive. 

&eiUMfaig i^tlxits denote incteashig eastening of the nortti or upper end of die needle. Mean Declination 23° 36'.6 W. 












































































































SmoAPOBB. Latitude 1° 16' N. Longitude 103” 53' E. Declination 1° 40' E. (Approx.). Liclination 12° S. (Approx.). 
Mmii Houriy oedllation of the Magnetic Declination for each month of tiie yean 1843, 1844 mid 1845. 
TtmraMing numbers draot^ a movement of the north or uppm* end of the magnet towards the East. 
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SiNQAMBB* Diurnal variation of tho Total Intensity in the several months during the years 1843, 1844, 1845. 

Increasing numbers indicate increase of total intensity. 

Hie numbers express the changes in parts of the whole force. Approximate total intensity 8.21. 


li 

^§i§i§sl§ii§l 

1 



i 


_8S8!5S8S22gf§ 

3 

i 

• SSSS i33S3S3S 

SS 



0 

f-i 

1 ' 

t*883SSS3S888 

§ 


^g§l§§i§IS§ig 

8 


* £:e88 :SS3S8S8 

s 

8 

^i§ii§g§si§ii 

§ 


•333333333333 

0 

2 


^§§§ii§iiig§i 

g 


* S2S8 :8SSS882 

i 

•ai 

sis3§§§§§g§§§ 

8 

1 

q^;^;e«e}.i40DlO^^.<«.O 

• fcfcjSseSSSSSSSi: 


•al 

e4^e4ioc«ogioc»i^i^eo<« 

goooooooooooo 

0 

1 

* jSSSSSSS 

9>4 

•al 

2 

goooooS. 000000 

s 

0 

1 



•a; 

to 

gSSoooooooooo 

0 

w 

0 


oeeeoq 

* 23^38 jSSSSSSS 


ipH 

goooooooooooo 

§ 

1 

0 

* csesssssssifs 

g 

•al 

m 

S§8§ii8il§§i§ 

§ 


Movea :e{ejc^«gOMe> 

* 1:233 :s3S833SS2 

00 

g 

m 

^§§§§§s§§§§§§ 

'§ 


o(Ooeooe4.-(^iaceMO 

* {:s^s:33ss33^^^ 

0 

g 

-a; 

tH 

S§§§§§§§§§8§§ 

§ 

1 

•eeqc) : '«.«««««« 

* 2233 :SSS3222 

«i^ 

3 

•ai 

o 

g§§§§§§§§§§§§ 

I 

I 

e5 

* !S^33s3ss3s322 

i 

o» 

g§§§§§§i§§§§§ 

§ 

H 

oqqq I«qqqqi..<3^ 

* SSoS -OODODfloSl^S 

1 

•i 

g§|§§|§§§§§S§ 

§ 

1 

qfr»qqqt..qqqfe..*Mq 

* SaSSoDoSoSoSeSeSS^ 

r» 

3 

•i 


§ 

M . 

*^'~:o»qqrHq 

* SSSSS ;SS«^SqSSSSSsS 

1 

■ 3 ? 



g 

qNq'«*-;e«iq^c<;0«^e4 

* ^SiSSoSSaSSSoSSSoS^SS 

1-1 

10 




* 2338':S3SgSi3838 

3 

QO 


iWffijlTOW 

g 

W 

■ 333333333333 

1 

•-ai 

CO 


§ 

, 

. 1 


s 

00 

-a: 


§ 

S »» >3*? H «i .J "! . 5 .» «? 

* 8SS8Si38Sls»35»jS38 

q 

00 


W#WWM 


■ 1 


r» 

'5$ 




J ■ 

"g 



IJ 


1 

I-, 

. • 1 

' ilijiiifi'iNfi' 

1 




























































TWENTY-EIGHTH SEEIES^ 


$ 34. On Linei qf Magru^ Force; their Definite Character; and &eir 
Di^ribuHon within a Magnet and through Space 

Rbcxived OcTOBisB 22, Read Novbubbk 27 and Dbcembeb 11, 1861 


8070. From my earliest experiments on the re- 
iBtion of electridty aad magnetism (114 note), 
I have had to thhdc and of lines of mag> 
netic force as r^resentations of the magnetic 
pometi not mertiy in tire points of quality and 
direction, but aim in quantity. The necessity 
1 was under of a more frequent use of the term 

some recent researches (2149, Ac.), has led 
me to believe that the time hae aniv^, vtiren 
the idea conveyed by the i^uase should Iw stat- 
ed very eleariy; and tiiould also be carefully ex- 
amined, tiiat it may be ascertained how far it 
may be truly applM in rqneeenting magnetic 
ccmditicms and phenomena; how far it may be 
useful in their elucidation,* and, also, how far it 
may assist in leading the mind correctly on to 
furthm* conceptions o{ the idrysicid nature of 
tile force, and the recognition of the possible 
^tects, ather new or old, which may be pro- 
duced by it- 

3071. A line (rf magnetic force may be defined 
as tiiat Une vdiieh is described by a yeey small 
magnetic needle, when it is so moved in dithw 
dhection owrespondent tq its length, that the 
medle is constantly a tangent to tiie fine of 
motion; or it is tiiat line along vHiich, if a trans- 
venie be moved in ettiier direction, there 
|b no tendeniQr to fomtation of any our- 
lent in the wire, whilst if moved in aegrr^her 
chreeticmtikm is sudh a tendency; or it is that 
Une whidfii ooinoides with the direetion of the 


of the oads of tiie magnetic needle, or by the 
direeticm of the eurrent induced in the, moving 
wire. • 

3073. A pobt equally important to i^e defii- 
nition of these lines is that ^ey reprmmt a de- 
terminate and unchanging mount m force. 
Though, therefore, their forms, asiheyew be- 
tween two or more centres or sources oi mag- 
netic power, may vary very greatly, and 

the space throu^ which they may be traced, 
yet the sum of power contamed in any one sec- 
tion of a given portion of the lines is exactly 
equal to the sum of power in any other section 
of the same lines, however altered in form, or 
however convmgent or divergent they may ^ 
at tiie second pl^. The experimmital proof of 
this charact» of the lines will be given here- 
after (3109, Ac.). 

3074. Now it appears to me that these lines 
may be emplo 3 red with great advantage to rep- 
resent tiie nature, condition, (firection and com- 
parative amount of the magnetic forces; and 
tiiat in many oases they have, to the physical 
reasonm* at least, a superiority over tiiat metbh 
od which rq^resents the forces as concentiated 
in centres of action, such as the poles of mag- 
nets or needles; or some other methods, as, for 
instancy tiiat which conodras north mr south 
magnetisms as fluids diffused om theenite or 
among^ tiie particles of a bar. No doubt, ai^ 
of these methods which does not »uwmwia too 


mscaeeryftaBic axis of a aystsl of Jtismutii, 
wh^ hi esirtied ih tither dirsctimi along it. 
Tl» direetiqnc cl tiiM lines abo# and am 
magnets S^’eloqtiie euimts, is eaaly rq;>re- 
Sentodaodmiidemtoodihi a general manner, 
by tim oMhuiiy iw « 

8672. Thsstl haMintw aotmertiy a 
Jmte di»ctiost, iMQ|tibtitto as above (3071), ' 
but because theyaieitinted to a poJarw anti-^ 
thetical power, hay 8 . 0 KMKte qiudities Or ootK- 
ditions in oimoeite (meetioai; these qitmtities, 
Wbi^ have to be distingnitiied and identified, 
IttUSdfBSt to tnr tilO 

'iiiWlBiimtiMii tr r ai i isi itis i.'J8ff, p. 1- . 


much wS], with a iUthful ^iplication, ^ve tetto 
resuhs; and so th^aUou^ito tiie same 
lesuilts as htr as they can req>ectivtiy:.be ap* 
plied. But some may^ by thtir nature, be 

appliqal^ to.e^ gmator extent, and|dve far 
mme vaifed relhilti^ tiian^bthws. Fog' just as 
eitiier gsmn«li)7m;4mal^ nuiy be elgilQifBd 
tdsolve conwotiy a liiiuticd^ 

^ has fmnmsaiSOfw and o^pabSity, gen^ 
a% imtiAiuig; tbut ^ othsri dr just as eb^ 
timidea oftimit^ebtitmdf linages, dr 
reveneraticm ol Bonndsmay Be wmd to . 


aentcertmq 
nil 



Mhiids, « tihadi«f :liM 80 ^^ I am mm mdined to ito acrtdcm tinA Itt tbe 

timoBiisideratbmofmatgmtic^m&oiiMmaiiltis fat mwni ai !fe Bof&efowfl>mi 88 aohanaetiaa» 
tim ooeadcmal aad more frequent Uw of tilm external to tiie magnet, fl>a« that the effeeta 
Utter -whioh I at present eridii to advocate. are merdy attraction and repuMon at a dis* 
8075. 1 dtsire to ieetrict toe meaning of the tanoe. Such an action may be a Unction of tire 
term line ef farce, ao that it shall imidy no more ether; for it is not at unhbely tiiat, if there 
than toe condition of the force in any given be an ether, it should have otitec uses than eim> 
I^me, as to strtogto and direction; and not to ply the oonve 3 wioe of radiations (2W1, 2787). 
include (stt present) any idea of toe nature of Perhaps vrhen we are more clearly instructed 
toe physical cause of toe phenomena; or be in this mattw, we shall see the source of the 
tied up with, or in any way dependent on, such contradictions which are supposed to exist 
an idea. StiU, there is no impropriety in endear- between the results of Coidcnnb, Harris and 
curing to conceive toe method in wfaidi toe other philosophers, and find that they are not 
physical forces are either excited, or exist, or contratoctions in reality, but mere diffoy 
are traimmitted; nor, when these by mcpoinient ences in degree, dependent upon partiid or 
and comparison are ascertained in any given imperfect mews of toe phmiomena and thd^ 
degree, in representing toem by any method causes. 
wMch we adopt to represmit the mere forces, 

provided no error is thereby intooduced. On 3076. lines of magnetic force may be reoog^ 
the contrary, when toe natural truth and the nised, dther by their action on a magnet 
oonventiond representation of it most closdy needle, or on a conducting body moving across 
agree, then are we most advanc^ in our them. Each of these actions may be employed 
knowledge. The emission and the ethn toeo- also to indicate either toe direction of toe 1^ 
ties present such cases in relation to lij^t. The or the force exerted at any given pmnt in it, 
idea of a fluid or of two fluids is toe same for and this they do with advantages for tiie one 
^ectridty; and there toe further idea of a method or the other under particular drcum- 
current has been raised, which indeed has stances. The actions are however very different 
loch hold on the mind as ocoadonally to em- in tomr nature. The needle shows its results by 
barrm the science as respects toe true charac- attractions and repulsions; the moving cmt* 
ter df the physical tgeneias, and may be doing ductw or wire shows it by the production of a 
so, eveh now, to a degree whito we at pres- current of electrioity. The latter is an effect esa* 
mt Uttle suspect. The same is too ease witii tirely unlike that produced on the needle, and 
toe idea of a magnetic fluid or fluids, or wito due to a different action of the forces; so toat 
tot assumption of magnetic centres of action it pves a view and a result of properties of tiw 
^‘vtoich toe resultimts are at toe pdw. How linesof force, such as the attractions and r^nd- 
the magnetic force is transferred ttuouijli bod- (Ions (rf the needle could never show. For this 
iee of throu^ spacewe know not>--whether andotiwrreasonsiproposetodevelopandap* 
the result is mertiy action at adistance, aa in {dy the method by a moving conduct on (he 
^ caee rff gravity; or by some intermediate present oooasian. 

agmicy, as m tite cases of tight, hta^ toe 8077. The general princ^des of toe develop* 
etoc^carrait, and (as l belief) statictiec- ment of an deetrio eunent in a wire moving 
tito ketion. idea of magnetic SnidB, ai undor the influence of megpsetie forces, mn 
ai^pKed some, or (d magnetic eentres ; of g^ven cm a former oceation, in the first and 
afflioa,ddeB not Include that of (he ialtorl^ seocmdeeriescdtoeseiBsiearckes (36, ftc);it(rifl 
(R'itmilimdssion, but lhe idea ol Unto of force timrefore be unusoessary to do more than to 
toMti.lfetotr^ees,hmtoeapaatiGti]iunto^ call attenticm, at this time, to the speoaldwr* 
od^ttistototiiigtoe flireeB doek nottintoide acter of iteindmationB as compared to those of 
awMiiria wf hi amt a magnetic aeedks, and to show how Hbecewto 

tidiystodk)pchtod;at^ a peciiliar and important adtotion to it, in (Ito 

Mitidicm v^eh faanimnueB wito it>B^ flhuduntion (rf xnagnetic acthm. ' 

^ true to nature. Tim geneiid^toin^ 8079. Tim movmg win produeM tie 

1 L. rfteto luwMoat^ not whto |atoh« 

sttoogto (biraaimr piaeea, or toe MvtoNi but 
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9^79. Itde4;er0]foesthedi]^ionof thepol^ 
ky by an eflfect entirely independent of point- 
ing or such like results of attraction or repul- 
iton;i.e., by the direction of the electric current 
fuoduced in it during the motion.^ 

3080. The principle can be applied to the ex- 
amination of the forces wUhin numerous solid 
bodies, as the metals, as well as outside in the 
idr. It is not often embarrassed by the differ- 
^ce of the surrounding media, and can be used 
in fluids, gases or a vacuum with equal facility. 
Hence it can penetrate and be employed where 
the needle is forbidden ; and in other cases where 
the needle might be resorted to, though greatly 
embarrassed by the media around it, the mov- 
mg wire may be used with an immediate result 
(3142). 

3081. The method can even be applied with 
equal facility to the interior of a magnet (3116) 
a place utterly inaccessible to the magnetic 
ne^le. 

3082. The moving wire can be made to sum 
up or give the resultant at once of the magnetic 
action at many different places, i.e., the action 
due to an area or section of the lines of force, 
mid so supply experimental comparisons which 
the needle could not give, except with very great 
labour, and then imperfectly. Whether the wire 
moves directly or obliquely across the lines of 
force, in one direction or another, it sums up, 
with the same accuracy in principle, the amount 
of the forces represented by the lines it has 
erossed (3113). 

3083. So a moving wire may be accepted as a 
correct philosophical indication of the presence 
of magnetic foi>ce. Illustrations of the capabil- 
ities already referred to will arise and be point- 
ed out in the present paper; and though its 
sentibility does not as yet approach to that of 
the magnetic needle, still, there is no doubt that 
it may be very greatiy increased. The diversity 
of its postibte arrangements, and the great ad- 
vanta^ol that divertity, is already very man- 
ifest to mystif . Thou^ l^th it and the needle 
depend tor their results upon essential charac- 
tem and qualities of the magnetic force, yet 
those which are influential, and, therefore in- 

in the one case, are very different from 
those winch are active in the other; I mean, as 
liras we have bemi able as yet to refer directly 


1 A natural standaid of tliti polarity may be ob- 

of.tba earth, 

me northern b^n^phere^ thus: if a person with 
MtuKestiodedin^ forward in these latitudesi then 
tiW dhwetion cd the deet^ wMch would 

he m w^^ tnrougn toe arm 


the effects to essential characters: and this dif- 
ference may, hmealter, enable the wire to ^ve 
a new insight into the nature of the mapietic 
force; and so it may, finally, bear upon inquir- 
ies, such as whether magnetic polarity is axial 
or dependent upon transverse lateral condi- 
tions; whether the transmission of the force is 
after the manner of a vibration or current, or 
simply action at a distance ; and the many other 
questions that arise in the minds of those who 
are pursuing this branch of knowledge. 

3084. 1 will proceed to take the case of a sam- 
ple bar ma^et, employing it in illustration of 
what has been said respecting the linespf force 
and the moving conductor, and also for qhe pur- 



pose of ascertaining how these lines of force are 
disposed, both without and within the magnet 
itself, upon which they are dependent or to 
which they belong. For this purpose the follow- 
ing apparatus was employed. Let Fig. 1 repre- 
sent a wooden stand, of which the base is a 
board 17.5 inches in length, and 6 inches in 
breadth, and 0.8 of an inch in thickness: these 
dimensions will serve as a scale for the other 
parts. A B are two wooden uprights ; D is an axis 
of wood having two long depressions cut into 
it, for the purpose of carrying the two bar mag- 
nets F and G. The wood is not cut away quite 
across the axis, but is left in the middle, so that 
the magnets are about Hsth of an inch apart. 
From O towards ;toe support A, it is removed, 
however, as low down as the axis of revolution, 
so as to form a notch between the two magnets 
when they are in their places; and by further 
removal of the wood, this notch is eontinUedon 
to the end of the axis at P. This notch, or open^^ 
ing, is intended to rective a wire, whidi caA be 
carried down the axis of rotation, and then 
passing out between the two magnets, any** 
where between O and N« can be returned 
towards theend P on the outride. The maptets 
are so traced, that the central line of tiieir 
pomd system coincideB with the 
lion; B betog a handle % whidb 




cirf.1851 Bi^eisjcarrY 


m|ttii>ed, b H«iid I tm coi4>^ 

dipping tidily on to the axis, by wMoh coxn^ 
munication is to be made betwema a we ad- 
justed so as to revolve with the magnets, and 
the fixed ends of wires proceeding from a gal- 
vanometer. Thus, let P L represent a covered 
wire; which being led along the bottom of the 
notch in the axis of the apparatus, and passmg 
out at the equatorial parts of the magnets, re- 
turns into the notch again near N, and termi- 
nates at K. When the form of the wire loop is 
determined and given to it, then a little piece 
of soft wood is placed between the wires m the 
notch at K, of such thickness, that when the 
ring I is put into its place, it shall press upon 
the upper wire, the piece of wood, and the lower 
wire, and keep all tightly fixed together, and at 
the same time leave the two wires effectually 
separated. The second ring, H, is then put into 
its place on the axis, and the introduction of a 
small wedge of wood, at the end of the axis, 
serves to press the ^d P into close and perfect 
contact with the ring H, and keep all in order. 
So the wire is free to revolve with the magnets, 
and the rings H and I are its virtual termina- 
tions. Two clips, as at C, hold the ^s of the 
galvanometer wire (also of copper); and the 
ktter are made to press against the rings by 
tbeir elasticity, and give an effectual contact 
bearing, which generates no current, either by 
difference of nature or by friction, during the 
revolution of the axis. 

3085. The two magnets are bars, each 12 
inches long, 1 inch broad, and 0.4 of an inch 
thick. They weigh each 19 ounces, and are of 
such a strength as to lift each other end to end 
and no more. When the two are adjusted in their 
place, it is with the similar poles together, so 
that they shall act as one magnet, with a divi- 
sion down the middle: they are retained in their 
{dace by tying, or, at times, by a ring of cop{)er 
which slips tightly over them and the axis. 

8086. The galvanometer is a very delicate in- 
strument made by RhumkorS (2651). It was 
placed about 6 feet from the magnet apparatus, 
and was not affected by any revolution of the 
latter. Ihe wires, connecting it wth &e mag- 
nets, were dt copper, 0.04 of an inch in diam- 
elier, and in &eir whole length about 25 feeti 
The length of the wire in the galvanometer 1 (k 
not kimw; its diameter was of aln inidi. 
The condition of the gdyanometer, wires, and 
magnets, was such, that when the bend of the 
wire»kiim formed into a loop, and tiuit earned 
mma over pole of tiie united magnets; as 


d^eeted two dagnsss mr Mm. The vibrnlSon 
of the needle' was dtow; and it waseaey 
fore to reiterate this action five or rix Or 
oftener, breaking and making eontact with Ihe 
galvanometer at right interval, so as to com* 
bme the effect of like induced currents; and 
then a deflection of l(f or 15^ on either side Of 
zero eould be readily obtained. The arrange 
ment, therefore, was sufficiently sensible for 
first experiments; and though the resistance 
opposed by the thin long galvanometer Wire 
to feeble currents was considerable, yet it 
would always be the same, and would not 
interfere with results, where the final effect 
was equal to CP, nor in those where the conse- 
quences were shown, not by absolute meas- 
urement, but by comparative differences. 

3087. The first practical result produced by 
the apparatus described, in respect of magneto- 
electric induction generally, is that a piece of 
metal or conducting matter which moves across 



lines of magnetic force has, or tends to have, a 
mirrent of electricity produced in it. A more re- 
stricted and precise expression of the full effect 
is the following. If a continuous circuit of eon^ 
ducting matter be traced out, or conceived of, 
either in a solid or fluid mass of metal or con- 
ducting matter, or in wires or bars of metal ar* 
ranged in nonroonducting matter or spwce; 
w^h being moved, crosses lines of magnetic 
fmree, ch* bMg still, is by the translation a 
magnet crossed by such lines of force; and 
further, if by inequality of angular motion, or 
by contrary motion of d^^nt parts of thedk- 
cuit, or by inequality of the motion in the same 
direction, one paiid mosses either more or (emit 
Imes than the other; &im a current wiU , 
round it, (fue to the differmitial rdatiOn of 
twoormoreintmedingpartadurmgthe^^^ 
the motion: the direction of which 
he determined (with lines having a dm; iSmh 
tionof pcdarity) bythedirectionof ummterMi* 
tioa, eomtuned with the i^tive amount c$t&0 
intmectioa in tiietwo or 
tennfaittig mttrsectian^ 




» Mgsetie 

. p^ n, 9 pdi«^ it«, dieiu^ f<»iaMl of aifittl, 
inrhii^ (twjr ^ of mqt al^pOi and wUoh i» «t 
poat^'^i than if. tbat drcuit be 
iiipaWitii one dtraotion mto tilw pmtacm 1; <v 
4p jt^ owtEary direction into petition 2; or by 
facMibl^ direction. of motion into petition Sior 
byit^lation into petition 4; or into petition 
pi^ir any petition between the first and these or 
boy resembling them; or, if the first petition c 
■b^ig retained, the pole moved to, or towards, 
tite position n; then, an electric current will be 
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produced in the circuit, having in every case the 
same direction, being that which is marked in 
the figure by arrows. Reverse motions will give 
currents in the reverse direction (256, &c.). 

3089. l^e general principles of the produo> 
tion of eleotrical currents by magnetic induc- 
tion hnve been formraly ^ven (27, &c.),^ and 
tlm Ipw of tbn direction of . the current in relar 
thm to the lines of force^otated (114, 3079 note). 

tiie. fiiU xaeaning cd the above description 
^ only be appreemted hereafter, when the 
^tpenmesrtal results, which aipply a larger 
Ip^ledge ^ therelaticms of the current to 
f^.q^/oros,.bayebean..desm ' 

. Whan Hnei <if vforce are spoken cd as 
.wpg^niOoaduoting circuit (30^), it must be 
f^BjndMed as effect^ by tire tnuulation of a 
ipimpeti .Ko .ntere rotation of a bar ma^mt on 
% ,pr«ibi^ any induction effeet m ouv 
. ejiti^si^tieriortoUti for. then, tbeconditionsabove 
/4«t!nibsd (SOSi^ nM not fulfilled- Tbe system 
magnrt.inu8tJot.be oon< 

. j|i)y .|iaorj» ti»n\ti>« rays of ligbt whkib em- 

, j|naiiC9; am suigioaed to. imwivn 

' .i^«^4an,;1|bjaagB|B^ even; in certain 
«asi^80^^,beoontideseda8iBvolvingatnongit 
^ own foroea, and prodniang a full .electrie 
)li|a^nenatidaattimfaivai»m«t«, ■; 

■ p. ««- 


. . ' 8091«.Xn.thefiflrt(liatBaM tiw'ndievIsaiii'Caap*' 
lied d(rim tim atis-eftim magnet. tU tiMunidi^ . 
distance, thmi led oirii at tim equatorial panti 
and retiuned on ibe outtide; Fig, b vrtil 
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sent such a disposition. Supposmg the magnet 
and wire to revolve once, it is evident that tire 
wire a may be considered as passing in at the 
axis of tltelnagnet, and returning from b across 
the lines of force external to the magnet, to tbd 
axis again at c; and that in one revoluuon, the 
wire from 5 to c has intersected oncel rtl the 
lines of force emanating from the Mend of 
the magnet. In other words, whatever course 
the wire may take from 5 to c, the whole system 
of lines belonging to the magnet has been once 
crossed by the wire. In order to have a correct 
notion of the rrtation of the result, we will sup* 
pose a person standing at the handle E, Fig. 1 
(3084) , and looking abng the magnets, the mag* 
nets being fixed, and the wire loop from 5 to e 
turned over toward the left-hand mto a hori* 
sontal plane; then, if that loop be moved over 
towards the right-hand, the magnet remainiag 
stationary, it uill be equivalent to a direct revo- 
lution (according to the hands of a watch nr 
clock) of IfiO**, and will produce a feeble current 
in a given direction at the galvanometer. If it 
be carried buck 180” m the reverse direction, it 
will produce a corresponding current in the re- 
verse direction to the former. If the wire be held 
inavertical, or any other plane, so that it may 
be ooiudder^ as fixed, and the magnet be ro- 
tated through half a revolution, it wUl also pro- 
duce a current; and if rotated in title ixmtrary 
direction, will produce a contrary current; but 
as to the direefion of the ouirents, that prodiioed 
by the Unci revolution of the wire is the same 
as that producedby the rsnerse revolutionof tim 
magnet; and that produced by tiie rcserw levo* 
lution of tire wire is tire same as that pcoduoed 
by tire dirert levrtntion of tire magnet. A mom 
precffie reference to the direotion of tire euoeat 
to tire particular p^ employed, and tbedimv* 
tion of the revolution, of tiie win or magi^ b 
not at presmit neoasaary; but if requind b Ob- 
tained at once by rrtetmioe to Fig. S (3088), w 
to the genwal law (114, 3079 nrtb). < 

' 3092. The magnrt and loop being mtaM 
gstirer in rttiror Erection, BO tmcc<>fMabe|tie'' 
eoiimiii wae pradufsei' X» tiib'M# 
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tanon aould be eontinied for 10, SiO, or any 
mtahte of nvotatfone without detMgeBnmt, 
aad it wbs easy to make thirty rev^ticme or 
mme the taoM the swisg of ^ gat- 
Tuumteterueedteiumechrectiou. It was aisQ 
eaey, if aiQF effect were lasodueed, to aiocumu' 
late it upon the galvKaometer by leveningthe 
rotation at ^ due tifoe. But no Awi^iinr. of 
nVohition of the magnet and wire together 
could produce any ^ect. 

3093. The loop was thmi taken out of the 
axis of the magnet, but attached to it by a {uece 
of pasteboard, so that all diould be fixed to* 
gether and revtfive with tite same an pilar ve- 
loeity. Fig. S; but whatever the shape or dis* 
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posi^n of the loop, whether large or small, 
new or distot, open or shut, in one pbuie, or 
contorted into various ifianes; whatever the 
ehiqie or condition, or place, inovided it moved 
altogether with the magnet, no current was 
produced. 

3094. Furthermore, whm tiie loop was out of 
tiie magnets, and by mcpedients of anange- 
ment, was retained immoveable, whilst the 
magnet revolved, no amount of rotation of the 
magnet (unaccompanied by translation of 
ifiam) pr^uced any de^ee of current thiou(di 
tiie loop. 

3095. The loop of wire was then made of two 
pasts ; the portion e, F^. 6, on the outedde of tihe 
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astffhet, WHS fixed at h, and tlm portitm a, be* 
iugaesparate piece, was earried.idoDg.the axis 
mrifiJl eame in ooi^saot with the fomaa ah 4} 
Urn Nvolution of one part was tiius permitted 
eithm' with or without the other, yet pmeerving 
riwngn meta^ ooatact and a con^dste mreuit 
for-thefoAioedcurteiri. In this case, adien the 
exteaal wire and the magnet were fixed, no 
Gam^.wHs.pN)dHoed by any amount ei revo- 
hitiiitt of the wire a <m its axis. Neither was any 
cunieltt Placed whenthe magnet and « 

lenilved together/ wbtther the^rinaw 
«r WkaaibgsuigBtt^ 


'Was«e«uiyiM['<iriithOitt Ihh'tsriieiaal smp^.-p,4 . 

mtlw.litt«retKdvedHjjaiod^ 

ounwnts won produced la before (8091^. 

_ 3093. The magnet was now inriuded ia th* 
circuit, in ttie following manner. The wire<ei 
Fig. 7, was placed in metallic contatton bcdh 
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sides of the interval between the magntta at N 
(or the pole), and the part c was brought into 
contact with the centre at d. The result was in 
everything the same as when the wire a was 
continued up to d, i.e., no amount of revolution 
of the magnet and part C together could pror 
duce any riectric current. W^n c was made to 
terminateate or the equatorial part of the mag- 
net, the result was predsriy the same. Also, 
when c terminated at e, the part a of the w»e 
mts continued to the centre at d, and there ^ 
contact perfected, but &e result was still the 
same. No diSermce, therefore, was lawlooedi 
by the use between N and d, or d and e, cH the 
{Htrts of the magnet in place of an insulat^ cop* 
pm* wire, for the-eompletion of the cinxiit in 
which the induoed. current was to tiavri. Noro* 
tation of the part a produced any effectr whercH 
evm it was made to terminate. 

3097. In mder to obtm the power of rotgih 
ing tire magnet without the external part 
wire, a copper ring was fixed roimd, ^ in eddr 
taet witi) it at the equatorial part, and thftwke 
c. Fig. 8, madeto bearby springpressureagaii^ 
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Ihfo ring, and also i^Esmst tiie ring H on tite axku 
Fig, 1 (308^); the oircolt was examined, 
found cmBqfiete. Nowwimntbeirire.cewasfixed 
and tile magnet rotated, a cutrori was 
duced, md tiutt to ‘tire same amount for tits 
same number of rewdutions, whether the part 
of the wire e temainated at N, or was oontiuued 
ontodheeantnof tiiemagntt, orwasmsttlated. 
fimn.ths magnet and continued up to the-oo|h , 
per iiig( su the win, by expednots, whldi 

though rough were sufiSrieot, was sMdatsimr 
valve whihh the magnet was st^ outimrishii 
tin epatxajy dheeiion wgro, pp|cidufled,<ht. 
ooidanroiriibiheeffeolhefoNdMMBfiwI 
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and ttie remiltsBrbeii wire and ma^et ro- 
tated together (3092), diow iimt these are in 
amount e^tty equal to the former. When the 
inner and the outo* wii^ were both motionless, 
and the magnet only revolved, a current in the 
full proportion was produced, and that, wheth- 
er the axial wire a made contact at the pole of 
the magnet or in the centre. 

3098. Another arrangement of the magnet 
and wires was of the following kind. A radial in- 
sulated wire was fixed in the middle of the mag- 
nets, from the centre d, Fig. d, to the circum- 
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ference &, being connected there with the equa- 
torial ring (3097) ; an axial wire touched this 
radial wire at the centre and passed out at the 
pole; the external part of the circuit, pressmg 
on the ring at the equator, proceeded on the 
outside over the pole to form the communica- 
tion as before. In the case where the magnet 
was revolved without the axial and the external 
wire, the full and proper current was produced; 
the small wire, d 6, being, however, the only 
part in which this current could be generated 
by the motion; for it replaced, under these cir- 
cumstances, the body of the magnet employed 
on the former occasion (3097). 

3099. The external part of the wire instead 
of being carried back over that pole of the mag- 
net at which the axial wire entered, was con- 



tmued away over the other pcde, and so round 
by a long circuit to the galvanometer; still the 
revolution ol the magnet, under any of the de- 
seribed dreumstances, produced exactly the 
sarnwreeiidto as before: ft wiS be evident by in- 
iO, that, howew the wires are 
eiiliried av^y, tiie general resuit wiB, according 
h the aesimied prinei^ of action, be tiie 


same; for if a be the axfai wire, and 
the equatorial wire, represented in thm differ- 
ent positions, whatever magnetic lines of force 
pass across the latter wire in one position, will 
also pass across it in the other, or in any other 
position which can be given to it. The distance 
of the wire at the place of intersection with the 
lines of force, has been shown, by the experi- 
ments (3093), to be unimport^t. 

3100. Whilst considering the condition of the 
forces of a magnet, it may be admitted that the 
two magnets used in the experimental investi- 
gations described act truly as one central mag- 
net. Weli&ve only to conceive smaller similar 
magnets to be introduced to fill up tne narrow 
space not occupied by the wire, and men the 
complete magnet would be realized : — or it may 
be viewed as a magnet once perfect, wmeh has 
had certain parts removed; and we knW that 
neither of these changes would disturb tne gen- 
eral disposition of the forces. In and around the 
bar magnet the forces are distributed in the 
simplest and most regular manner. Supposing 
the bar removed from other magnetic influenc- 
es, then its power must be considered as extend- 
ing to any distance, according to the recognized 
law; but adopting the representative idea of 
lines of force (3074) , any wire or line proceeding 
from a point in the magnetic equator of the bar, 
over one of the poles, so as to pass through the 
magnetic axis, and so on to a point on the op- 
posite side of the magnetic equator, must inter- 
sect all the lines in the plane through which it 
passes, whether its course be over the one pole 
or the other. So also a wii*e proceeding from the 
end of the magnet at the magnetic axis, to a 
point at the magnetic equator, must intersect 
curves equal to half those of a great plane, how- 
ever small or great the length of the wire may 
be; though by its tortuous course it may pass 
out of one pkme into another on its way to the 
equator. 

3101. Further if such a wire as that last de- 

scribed be revolved once round the end of 
magnet to which it is related, a slipping contact 
at tiie equator being permitted for tibe p^ose, 
it will intersect oS the lines of force during the 
revolution; and that, whether the polar contact 
is absolutdly Coincident with the m^etic ax- 
is, or is anywhere dse at the end of tibe bar, 
provided it remain for the time undianged. AH 
this is true, tiiough the magnet may be snb jed, 
1^ induction at a distance, to other magnets or 
b^ies, and may be ex^ng part of its force pn 
tii^, eo as to the distribution of its pow^ 

er very fnogular as eompa^ 
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^dependent bar (3084), or x&ay have aa imi^ 
ular or contorted shape, even up to the horse- 
shoe fmxi. It is evident, indeed, that if a wire 
have one of its ends applied to any pointful the 
surface of a magnet, and the other end to a 
point in the magnetic equator, and the latter be 
slipped once round the magnetic equator, and 
the loop of wire be made to pass over either 
pole, so as at last to resume its first position, it 
will in the course of its journey have intersected 
ones every line of force belonging to the magnet. 

3102. A wire from pole to pole which passes 
close to the equator, of course intersects half 
the external lines of force in a great plane, twice, 
in opposite directions as regards the polarity; 
and, therefore, when revolved round the mag- 
net, has no electric current induced in it. If it 
do not touch at the equator, still, whatever lines 
it intersects are twice intersected, and so the 
same equilibrium is preserved. If the magnet 
rotate under the wire, it acts the part of the 
central rotating wire already referred to (3095) ; 
or if any course for the electric current other 
than a right line is assumed in it, that course is 
subject to the law of neutrality above stated, 
as \^1 be seen by reference to the internal con- 
dition of the magnet itself (3117). Hence the 
reason why no currents are product, under any 
circumstances of motion, by the application of 
such conductmg circuits to the magnet. I may 
furteer observe, in reference to the intersection 
of the lines of force, that if a wire ring, a little 
larger in diameter than the magnet, be held 
edgeways at one of the poles, so tlmt the lines of 
force there shall be in its plane, and be then 
turned 90^ and carried over the pole to the equa- 
tor (3088), it will intersect once ail the lines of 
the magnet, except the very few which will 
remain unintersected at the equator. 

3103. Whilst endeavouring to establish ex- 
perimentally the definite amount of the power 
represented by the lines offeree, it is necessary 
to take certain precautions, or the results will 
be in error. For instance, ten revolutions of the 
wire about the magnet, or of the magnet with- 
in the fixed wire (3097)« ought to give a con- 
stant deflection at the galvanometer, and yet 
without any <hang^ in the poritmn of th^ wire 
the results may at different times difiw very 
much fromeaohother ; being at one time 9^and 
ateaoth^only 4^ or 6^ Ifoundthistobedueto 
difference of velocity within certain limits, and 
to be e3q)Iam^ and guarded against sefolkme. 

8104..If awire move across Ikes oi forcaetow^ 
Ij^.a feelAe^eetrio current is produced in it, 
cqntiktohlg Ihr tim ti^ 


across thesame lines quiddy, astrongerdinwnt 
is produced for a shorter time. Theelhot of Ihe 
current which deflects a ipdvanometer neeefieia 
opposed by the action of tibe earth, which tmtde 
to return the needle to smu. A continuous weedc 
current, therefore, cannot deflect it so far as a 
continuous stronger current. If the cunwts be 
limited in duration, the same effect will occur 
unless the time of the swing of the needle to 
one side be not considerably more than the time 
of either of the currents. If the time of the 
needle-swing be ten, and the time of ten quiok 
rotations be six, then all the effect of the in- 
duced current is exerted in swinging the needle; 
but if the time of ten slow rotations be twelve 
or fifteen, then part of the current produced is 
not recognized by the extent of the vibration, 
but only by its holding the needle out awhile, 
at the extremity of a smaller arc of declination. 
Therefore, when quick and slow vdocity were 
compared, and, indeed, in every case of compar- 
ative rotations of the wire and magnet, only that 
number of rotations was taken which could be 
well included withm the time of the needle’s 
journey to one ride; when the needle, therefore, 
was seen to travel on to its extreme distance 
after the rotation and the inducing current had 
ceased . If the needle began to return the instant 
the motion was over, such an experiment was 
rejected for purposesof comparison. When these 
precautions were attended to, and vriocities td 
revolution taken, which occupied times from 
one-third to three-fourths of teat required for 
tee swing of the needle, teen the same numb^ 
of revolutions (ten) gave the same amount td 
deflection, namely, 9^.5, with my apparatus^ 
teou^ the time of revolution varied as 1 : 2, or 
even in a higher degree. 

3105. Another oause of difference produced 
by varying velocity, is the diminution of tee 
action of tee current on the needle, as the an^ 
which tee latter forms with tee convolutions of 
teeeoil in^^eaaes. Hencea constant eurmtpro^ 
duces more effect on tee deflection of teeneetfie 
for tee first moments of time than afterwards^ 
This effect, however, was scarcely senribie^cr 
swinging defiectimis of 9*^ or l(f , produced hf. 
currents white were ovmr before tee needle had 
moved thrmi# 4*^ or 

, 8106. U has already been shown, teat 
matter of mdiffmence whether teewirerevolt^ 
in one #^ctkm or tee nu^pmt ^ 
(3091); and this is stiU furto 
oases where the magnet and the wire 
t(^;etiiBr (S0M>;.lor then tim Irl^ 

Umd to 



m 


msMmt 



tecii cMibtt; tiie poii^ irf the iprfre 

Ab the inmiofaiiity of the needle u a 
pdtt mord^eamly ascertained than t^e extent 
^^an ate» mdicated <»!kly for a momenti and as 
tiie rotations of the magnet and wire conjoint^ 
iy can be made rapd hnd continuouSi the proof 
m such oases is very satisfactory. 

' ; SW/7. Proceeding to experiment upon tiiS ef* 
leot of the di^cmce of the wire t, Fig. 11, from 
tiie m^eti the wire was made to vary, so that 
SGsnetimes it was not more than 8 inches long 



Pig. 11 


(bting of copper and 0.04 of an inch in dia* 
meter), and only half an inch from the magnet, 
whilst at other times it was 6 or 8 feet long 
and extended to a great distance. The deflection 
due to ten revolutions of the magnet was ob- 
served^ and tiie average of several observations, 
for each position of the wire, taken : these were 
wy dose (with the precautions before de- 
scribed) for Sesame position; and the averages 
fortiifferent positions agreed pmidslly together, 
beiagO*’^ I endeavoured to repeat these expert 
icBAtits on distance by moving the wire and pre- 
serving tihe magnet stationary in the manner 
Wore described (3091) ; they were not so strik- 
ing because time would only allow of smaller 
defleetions bring obtained (3104), but the same 
mmbet journey through an arc 'Of 180^ 
giM the sanmdefirition at the galvanometer, 
wWhertheecmrse of tiie wire was dose to the 
magnrii or far off; and the deflection agreed 
Witii those obtain^ when the magnet was ro- 
tatW ^uid the .wire at rest. 

« ‘ As to neloGUy of motion ; when the mag- 

itetwnsidtatmgandthe wire plWdat 

t^en revolutions of the mafpiet 
l^jbduoed the same deflection of the nee^e; 
wlietlher the molicm was gmdcer or dotrcr^ and 
wWtever tiio,#itaaee of tim wbe, provided 
premmtions before dicseribod were attend- 
ed to <3104). That theeame would be time if 
tfio. wire were moving and the magaet stilt is 
ribiW hytiiis^^&jvtwita^^ the wdority with 
widoh the wire and ma^ct revolve togetfaer» 
ad i^hatsver fbeb distil 
l^sieiiitr^^ and equal iaadb other (3CM): 
isriKW. From these xesuttst^^ 

' djlitfmsihiiybe^ Theaeiiftf ofmsffi^ 


carrants, k drimtuiiiate tear flie saimO Ones of 
force, whatever the dktanoe of the point or 
plane, at which their power k exerted, k from 
the magnet. Or it k the same in any two, or 
more, sections of the same lines of force, whAt^ 
ever thrir form or their distance from the sW 
of the power xnay be. Thk k shown by there^ 
suits with the magnet and the wire, when botii 
are in the circuit (3108); and also by the wue 
loop revolving with the magnet (3092) ; where 
the tendency of currents to form m the two 
parts oppose and exactly neutralise or compen- 
sate eadi other. 

3110. In the latter case very varying sections 
outside of the magnet may be eomparra toeadi 
other; thus, the wire may be concriim of as 
passing (or be actually formed so as m inter- 
sect) lines of force near the pole, and then, be- 
ing continued along a line of force un^l over 
the equator, may be directed so as to intersect 
the same lines of force in the contrary dir6cti<m, 
and then return along a line of force to its com- 
mencement; and so two surface sections may 
be compared. Itis manifest that every loopform- 
ing a complete circuit, which is in a great plane 
pasting through the axis of the magnet,^ must 
have precisely the same lines of force pitting 
into and passing out of it, though they may, so 
to say» be expanded in one part and com- 
press^ in another; or (speaking in the lan- 
guage of radiation) be more intense in one part 
and less intense in the other. It is also as mani* 
fest that, if the loop be not in one plane, still, 
on making one compete revolution, ritiier witii 
or without the magnet, it will have intersected' 
in its two opposite parts an exactly equd 
amount of lines of force. Hence the compaxkcm 
of any one section of a given amount of lines oi 
force with any other section is rendered, esq>eri- 
mwitally, vwy extensive. 

3111. ^di results prove that, under theehv; 
cumstances, there is no loss, or destructiim,' ox 
evmicsoenee, or^tent state of the magki^ 
power by dsiBtimee. ; i 

3112. Aibm timtconvergencx) or divetgei^ 
the lines of fenree causes no diffeM^ in 

3lfl8i.' That obiquity of iatoneotiott 
no It is eaqr m to 

(8110) that it ahaU inteneet the lineoof fion*^ 
directly-'a(»>aw at both piaoee of intenMotba^.- 
or dinoHy at one and ohlkiuefy at the ottatV. 
or obliqu^faiaay debtee at bc^and'jitaq^ 
reealt » altraye the aanie (8008). 

Sllt^ItjeafaDavideiit, bytiwMad^^ofai* 

lototba of tfaaifiraaiid Miaitr 





^ » •■fieMiof gq paJimugBc fo for»e),aodirith dtaBg«d.& iiaAam» aoto «i tli9‘«i^[^ail- ; 
• tiid{am.aK>ti«t,iltoijw<jaReat<tf awntrilart <»» be aj^dfadte-tlwB^ 

iljr inoifafled is t»i^ittonslie to time; (rffomtiia«foie,stvhatowdiBtsiiQelt'aiit^ 
Md also to tbs Mioe% of lUiotknL. be taikeb 'bras the magnet) most bo’ocHtridttNid 

S115. Tfae^r also prove, graeraUy, that the as a closed ebcidt, pasnn^ in some put ol' bs 
qoai^tjr of deetiidty thrown into a eoirent is ooorsethroui^thema^iettandhavhiganeqiiBl 
chreotly as the amount of corves intwsected. amoumk of frace b every part of its coune* 

3118. Whui the axial part of &e wire is <fia> 
3116. In addition to these rescdtSi tiiismeth* missed and the magnet employed m its 
od of bvestii^tion gives much ina^t into the so as to be bduded b tim circuit, it is eaej^ to 
btunal condition of the magnet, and the man* see how it acts the part of the conductor. For 
nra b whidi the lines of force (which represent suppose the wire itself to be continued frwn N 
tntiy all that we are acquainted with of tile pe- to&,F^. lF,byanyofthetiireepatlbbdieat> 
ouiiar action of the magnet) either tennbate 
at its exterior, or at any assumed pobts, to 
called poles; or are continued and dhqx^ of 
within. For this purpose, let us coimider the ex- 
teunud loop (3093) of Fig. 6. When revolving '*** “ 

with the magnet no cunrat is produced, be- ed by dotted ibes, the effect is the same b aff 
cause the lines of forra which are btersect^ on the cases, both by experiment (3093) and by 
^ one p{^, are agab btersected b an oppoo- prindple (3100) . For whatever the form of ^ 
bg direction on the other (3110). But if one patii,itwbboneTevcduti(mbtei8eottfaesame 
part of the loop be taken down the axis Of the amount of lines of force withb the magnet as 
magnet, and the wire then pass out at the equar are btersected b tiie contiaiy direoticm by ^ 
tor (3091), still the sune absence of effect is part of ^e wire outtide tiie ma|^; and abra 
produced; and yet it is evident that, external the magnet is emidbyed to complete the drcoit 
to the magnet, every part of tiie wire paaus b placeof the bter^ wire, tiienHs substance 
tiuoufdi lines of force, wbch eraspire togetiier pt^uces predsdy tiie same result; for diree^ 
to produce a cunrat; for all tiiie externad lines ticm and every otiiu dreunmtance whitb b- 
of force are then btenected by that wire b one fluuices tiie result remains the same; one con- 
revolution (3101). We must tiierefore look to ductorhassimplybeensubstitutedferaiiotlbi 
the part of the wire the magnet for a The great mass of the magnet nu^t bebt^ 
powereqoaitotiiatoapal^ofbtiag^rtedex* posed aide to do sraaetiuag more than tiie tba 
iupally, and we find it b tiiat small portira wire, but the reason why it only equ^ iti'b 

wfaidi mpresents a radius at the ceatinl and effect will be seui hereafter (3137). And as be 

equatorial parts. When, b fact, tiie axial put axial wir^ b rewdvbg, does nothing but ecni 

of tiie wire was rota^ it p^uced noM^eet (bet (3095), all the affect bong produced tb 

^091^; when tiie axial, be bnu raditi, and tiiat putwl^r^resratea radius betweraf^ 
tiieextmnal parts were revolved togetiiu, they axis and tiie equator (3098); so the nuignetrirb 
prod4eednoeSe(di;wfaeutheexternalwireal«ne wolvbgasa(gdbder,isastoH8maBSfiketib. 
Wae. cevidved, diredly, it produced a (anrent wvolv^ w3re;with'tfaeexoq)itioa(rfwa(B(h 
(3091),* and iben the bter^radbswirtalene (rfbaerepreseibratadhiieoiiBsetbgtegethar 
(heh^ 'bsulated from tin ma^Mt) revdved, tiie'two p(M» at the pi^ cr axie i^<attite 
(i£Ma%ital8Dpro(beedaemTeBt(3096r369^’ e(puter,'edMn eoaoimbeatiim With bn etiia 
b'tiieooatiaiydirectiontotiiefonnar,'andtha isoem[deted. AswMtiiewn'i(mgage(SSIi^.;til> 
two wweexae%eq^bpower; for when both ^dbdu oiagnrt be revifived, the eaibw 

^ostiaas of' the-wbe togetiiet-dfssetiff^ ^. galvsimmeter wires a c be ag^ed te bjil 

b^'peebetiy eaiih(>ber(3096)< exbonitns of its axiSi no eune&t ’is!evitiwl^‘ 

*l|Nb«i#»bawinraybatqfiaeedhy th!Mns^ but if o be ai^hed to one end, it matten SM 
ibmKSOOfijfillS). ‘ ‘ whioh, aadcbeaptdied attbeeciaatof’dr'ltiF- 

i^lllfv^^bythb'tbhbeNeidst&a^ other part on the Bttrbice'0ftiM49tiadar,‘»«ii>-‘ 

wtihbthemagnetfirftimBSisieiiahifwaatiicfaB fasrttiweysbtiw'eamedfieetKmlu.whlUiSi 
wtbim:Whatsasoc«^ti)iSyareBnMStl^eqF^ lototibwwffl baiwDdueed. . 
hthnsssiaMotiieBa witbrnti lhsiy have a Mia*. >^ 3iAthl)sttherbpwwthMsepdiBht,^^ 
1ia!^)a#«i(boto jlhow.iidthioirt;«H^ aots wen «nt b half timw^b^ the atpatedid 




m 


VASkkmit &BBIBS ssmn 


l^bne, and tban, idiher a disc of oopper placed 
tfaerci or a wire radius only, or the msignets 
brou^t toi^ther again; and these three ar* 
rangements were used in succession to com^ 
ptete the circuit from tibe axial wire (^5) to a 
fixed wire at the surface of the equator. Which- 
ever was employed the current produced was 
the same, both in direction and amount. If the 
cylinder magnet above described (3118) be 
terminated at the ends by attached discs of 
diver or copper, the wires applied to their sur- 
faces, as they revolve with the magnet, produce 
preci^y the same currents as to direction as 
if applied to the surface of the magnet itself 
(218, 219). 

3120. In this striking disposition of the 
forces of a magnet, as exhibit^ by the moving 
^wire, it exactly resembles an electro-magnetic 
helix, both as to the direction of the lines of force 
in closed circuits, and in their equal sum within 
and without. No doubt, the magnet is the most 
heterogeneous in its nature, being composed, as 
we are wdl-aware, of parts which differ much 
in the degree of their magnetic development; 
so much so that some of the internal portions 
appear frequently to act as keepers or sub- 
ma^ets to the parts which are farther from 
the centre, and so, for the time, to form com- 
plete circuits, or something equivalent to them, 
within. But these make no part of the result- 
ant of force externally, and it is only that re- 
sultant which is sensible to us in any way ; either 
by the action on a needle, or other magnets, or 
s^t iron, or the moving wire. So also the power 
iduch is manifest within the magnet by its ef- 
leet on the moving mass is still only that same 
resultant; beix^ equal to, and by polarity and 
other qualities, identical with it. No doubt, 
there sie eases, as upmi the approach of a keeper 
to the poles, or the approximation of other mag- 
nets, dther in favourable or adverse positions, 
when more extenud force is developed, or it 
may be a portion ai^)arentiy thrown inwards 
and eo the external fmoe diminidied. But in 
these eases, that which remains extonally ex- 
istent, correspoiids precisely to that which is 
tim lesultant internal for when either the 
same, or ecmtokry poles, d a powerful horse- 
Aoe magnet weae placed within an inch and a 
half of fibepolesof ilm bar-magnets, prepared 
tO fotate wkh the attached wires (3092), as 
JMfim described, stSIl, upon their revdutkn, 
at the gahanom^ was 


pmceived; Hxe forces wstibm the magnet and 
liiiis without each 


3121. The definite character of the forces of 
an invariable magnet, at whatever distance 
they are observed from the magnet, has been 
already insisted upon (3109). How much more 
strikingly does that point come forth now that, 
being able to observe within the magnet, we 
find the same definite character there; every 
section of the forces, whether within or with- 
out the magnet, being exactly of the same 
amount! The power of a magnet may therefore 
be easily represented by the effects of any sec- 
tion of its lines of force; and as the currents in- 
duced by ^0 different mapets may; easily be 
conduct^ through one wire, or bei in other 
ways, compared to each other, so facilities may 
thus arise for the establishment of a standard 
amongst magnets. 

3122. On the other hand, the use of ihe idea 
of lima of foreCf which I recommend, tC repre- 
sent the true and real magnetic forces,'makes 
it very desirable that we should find a unit of 
such force, if it can be attainable, by any ex- 
perimental arrangement, just as one desires to 
have a unit for rays of light or heat. It does not 
seem to me improbaUe that further research 
will supply the means of establishing a stand- 
ard of this kind. In the meantime for tiie en- 
largement of the utility of the idea in relation 
to the magnetic force, and to indicate its con- 
ditions graphicdly, lines may be employed as 
representing these units in any given case. I 
have so employed them in former series of these 
Researches (2807, 2821, 2831, 2874, &c.), where 
the direction of the fins c//oroe is shownat once, 
and the relative amount of force, or of lines of 
force in a given space, indicated by their con- 
centration or separation, i.e., by their number 
in that space. Such a use of unit lines involves, 
1 believe, no error either in the direction of the 
polarity or in the amount of force indicated at 
any given spot included in the diagrams. 

3123. The currents produced in wires, when 
they cross lines of magnetic force, are so ieeUe 
m intensity (though abundant enough in quan- 
tity, as many results show) that a fine wire 
vanometar must of necessity offer great ob- 
struction to their passage. Ilierefore, toforeen^ 
tering upon furtW experimental imiumes, I 
hadanothergalvanomeier(mstructed,!nwl^ 
the needles belongmg to that made by Bhum- 
korff were exx^loyed, but the coil was replaced 
ty a single eonvolutimi of very stout aura The 
adre wai^of oo|^per,fi.2 of an Inch bdiametBr..Ii 
passed homontelly under tlm lower needier 
then, an sea# as Sliest be, beMoKi^sS ind 
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the upper needle, ow the upper, and then 
again between that and tibe low^ needle, Figi^ 
18^ and was afterwards attached to the stan^ 
and continued for 19 or 20 feet outside of the 
glass cover. Such a wire had abundant conduct^ 



ing power; and though it passed but once round 
each needle, gave a de;8ection many times 
greater than that belonging to the former gal- 
vanometer. Thus when the ends of the nineteen 
feet of wire were soldered together, so as to 
form one loop or circuit, the passage of the wire 
once between the poles of a horseshoe magnet 
(3124), caused a deflection, or rather swing of 
the ne^e of above 90®. I have ^ ^ 

had a more perfect instrument, 
of the same kind, constructed, 

in which the conducting coil y 

was cut out of plates of copper, 
so as to form a square band 0.2 pwjjra 
of an inch in thickness, which VmW 
passed twice round the vibra- JpF 
tion plane of each needle, as 
represented, Fig, 1 4- The length ] 

of metalaround the needles was p. 

24 inches, and the galvanom- 
eter was very sensitive, but the experiments to 
be described were made chiefly with the former 
instrument. 

3124. It was necessary, first, to ascertam the 
effect of certain circumstances upon this Mmple 
^Ivanometer, as to their modification of its 
indications. The magnet to be used wus a com- 
pound horseshoe instrument, weighing 16 lbs., 
and able to support 40 lbs. by the keeper or 
sttbmagnet. It is some years since it was mag- 
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neliiied, audit is therefore, probably, in a near- 
ly Opnsteut state as to power. The pdes have 
delineated, Fig, 15, Thefar durtsuce 
apsit l5 1«87£ inch, and ihn distaim ^t^ 
iSieir summit to the bottoo^ ^ 


equates: of the mapot, k 6 J inches, !13ie 
vanometer ^ood in the prolongation of 
magnetic axis, Le. the line from pole to pol% 
and whether it were 6 or only 8 feet distant^ 
was hardly at all affected in l^e time of its vi^ 
bration, b^g adjusted so nearly astatic as to 
require about ten seconds to swing to the ri^t 
or to the left. 

3125. On pasting the wire across the magnet- 
ic field, as just described (3123), but with dif- 
ferent velocities, effects different in degree were 
obtained at the galvanometer, for the reasons 
formerly given (3104, 3106). The quickest ve- 
locity gave the greatest result, equal at times 
to 140®, whilst a very slow motiem gave only 
30® or 40®. Still with moderately quidc veloci- 
ties the effects were nearly alike, and by opeiv 
ating with the same velocity, and takhrg the 
average of several obs^vations, s. very uniform 
result could be obtained. 

3126. On cutting the wire across, and them 
putting the ends together in various ways it 
was found that great care was requisite in mak- 
ing contact, in this or in similar cases. Thus, to 
press the ends lightly together was not suffi- 
cient; they required to be well and recently 
cleaned and pressed closely into contact. Junc- 
tions effected by soldering or dipping into cups 
of mercury were still better, when made with 
care, and were employed at the galvanometer 
and elsewhere as often as possible. 

3127. To ascertain generally the obstructi(m 

caused by the interpotition of thin wires, 28 
inches of copper wire, 0.045 of an inch in diam- 
eter, was introducted into the circuit at a part 
away from the magnet, with excellent junc- 
tions. The oscillation Or swing, which before 
was 140® or more, was now reduced to 40®. On 
taMng out the wire and replpkg it by another, 
also of coppeTi but <«ly 19.5 inches in length, 
and 0.0135 in diameter, the deflection was re- 
duced to 7® or 8®. ^ . 

3128. For a rough comparison of the power 
of this jnagnet a^ the forma: baivmsgn^ 
(8085), by &e present galvanomet^, the thick 
V 9 ke was bent into a Iwp (3086), and tiie two 
bar-magnets, with like ends togetha*, passed 
quickly tfaroujd^ it up to the equatorialspati^ 

defik^on was about 30®. Such a paati g e 
intersected nearfy all the lines of force 

A timilar motion of the mspiets 
close toj imt outside of, the loop, fwoduced wo 
effect at the. galvanometer. 

.3129. In respect to the alteration of the lines 
of force, either in position OT in total amount, 
by brina^ the pc4es of the horseslKie 
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lou^iiMuiriogette 

The (fislaatee htAmom 
i&b p(46B h iJffd inch ; by {dacing a tnibe of soft 
of w mohin theiddei 'wi&in ttusspaoei 
ii waodiminiy^ 0.575| and thus, virtually; 
ilie #9tanG6 apart maoh lessened, and, as was 
aftarwords shown expcdmentaiiy (3130), the 
external power of the magnet eonomitmted 
thm whilst the cube was in place, the 
thick wire of 0.2 of an inch in diameter was aj> 
ranged so as to pass across the znagnetie axis or 
pla^ of strange^ action, and fixed; after whidi 
tile kon cube was alternately removed and 
again restored, and the effects observed. Feelde 
electric currents were produced at these times; 
but whether tiie cube was put into its place 
fxt»n btiow, or above or the sides, the current 
‘'-^'produced was always in tihe same direetion; 
and when it was removed the current produced 
was in the reverse direction. If the cube were 
carried up to, by, and away from, the magnetic 
axis in one motion, then there was no effect at 
the gtivanometer. On the other hand, when 
the wire was carried across the magnetic field 
as described (3128), so as to intersect all the 
lines of force in one movement, and sum up 
their power at the galvanometer, then there 
wan no difference in the result, whether the iron 
cube was in its place or not; trowing, as far as 
this apparatus could indicate, that the sum of 
power in the section of all the lines of force ex- 
ixittixl to the magnet; was the same under both 
{arcumstanc^, thou^^ the distribution of it 
; was d^erent. 

3130. The very action produced by the cube, 
whsninsndc^of piaoe(3129), upon the fcarces 
wbidh affected the stationary wire, was a proof 
of the diff^wce of distribution at different 


net, sbidtted tiiem totiie ebdaiof iwocohxku^ 
izig rods; imule of eo|^ wire 6^ of an iiitii' 
in diameter andlih^es in length eadb^ widtii 
were fixed on q;^potite cMes of a minow sUp of 
wood. The wh^ arrangement iS seen in 1%^ 
16; the terminaticw a 6 dip into the mercurial 

< 
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A blook'of bismutii, employfid in pUm 
itf' cube, hod bo smMibte <^«et upon 
Ihb lHre whether it were still or mpviii^. 

^ ' SnSLVZbis gslTBaoBuitar was first em|fi<^rsd 
ItOiStt^lwtitiaa; of «fi tiwfimnererqietkMaits 
(S091, Ac.). Xhe reecdts 
san^ oxMpt that tiie 
jstaattbtit of #odevhtiifflr {iF^weed, i^eodevi* 
atioii was ansolttWas lai^ than in tiie fonaer 


- filSA Fof tlie OBDiiMriHMi of diSsrent tluefc- 
-ttMie toppo* wkts 
. in lengths of' lOA ioelMl^^itaicl'difisrest diam<- 
b jH is, tnd bsBdiiyg'tlMhk-iBto loops of a iarm 
'^’apSsiae sucA agr^wOuUNtibnit tima to pass 

b oqwboe iaa9> 


cups of the galvanometer, tiie parts at e are 
brou,^t>sr close together as to tou<|b, excq>t 
for the intervention of a piece of card! and thus 
the parts from e to a h are thrown out of action, 
except as mere conductors, whilst the loq;>, be> 
iag made to descend over one magnetic]poIe, in- 
tersects very nearly the whole of the i 
curves, and always tiie same proportioh 

3134. The former magnet was too powmful 
for comparative experiments, therefore asmall- 
er one was emplo^, conastmg of five plates, 
weighing 8 lbs., and able to carry 21 lbs. eaaly 
at tire keeper. The poles were 1.2 inch apart 
and an inch thick each, in tiredire(^<ai(tftbe 
magnetic aids. If less magnetic power w^ re- 
quired, an adjustment was eatily made, ll>y ap> 
plying tire keeper to the tide upon both l^hs, 
the magnetic communicstkai bting effected 
tither nearm' to the poles, or nearer to tibe equa- 
tor or bend, as less or more poww was requii^. 
The descent of the loop between &e poles Is 
then best r^idated by cauting’tire eonductor 
wires to bear ultimattiy against a stopping* 
Uock. 

3135. Tbe effect of a quick and aslow motion 
wasfound to be thesameas before (3104,3105). 
Such velocities as the hand could inqrart wsra 
very effectual, and gave results of 'very txm- 
tidetaUe uniformity vdien quick motions'Were 
employed. 

3136. Three diffment loops were oon^Mued 
togetlm, cmitisting of copper, wire, 

etets of whiih wereO.2, 0.1 aad.0.5«f aniiidb^ 
or as 4, 2 uid 1; their sectional aieas or anwiMi 
therefore wereas 16, 4and 1. Tenor twelveeh* 
servations were made with each loop; tiw z»* 
suits were near together, and the avenge for 
eschhx^fbtingtheextentoftheswingdMliiia- 
tiob (m (me tinfo froni >eip, is as' fchowst. , . : 
Copper wire of ah huh in . * . 

.'tideknesS'’ .■ ivV IfidlBf'w 
'"^oi^>iti(e.of'H<ilh (ff an iaeh.ih'^;.'‘;h'%iit 

thickness ■.■Um:,;" 

Gopperwheef H^ef aainch'kt 

'.v.uivitfaw 



Odini mscmxsm m 

N<m ihou#i iiie tUdoor wken produoed the dudifflK»iiiodba«^uii^^ 
iamdeAMst, them^ ihe ADpHeation of m pducipies to 


dl b propo(i^n to the masses of the 
smaller having greatly the advantage in that 
respect. On the other hand, when four of the 
smaller wires were placed side by side, so as to 
form one loop equal in mass to the second loop, 
they gave the same result as that loop, being of 
the same power. 
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3137. The disproportion of the difference of 
these three wires is evidently a consequence of 
the relative difference of the mere conducting 
part of the circuit. To compare accurately the 
effect of the lines of force on wires of different 
diameters moving across them, these diameters 
should continue to, and throu^ the galvanom- 
eter (205), otherwise the thin wire current has 
an advantage given to it in the conducting 
part, which the thick wire current has not. 
Hence the reason why a thin wire galvanom- 
eter, such as that before described (3086), ^ves 
results which are alike for thick or thin wire 
loops, or for fasciculi of few or many wires. To 
enl^ge the comparison, I soldered on to two 
pairs of conductors, the dimensions of Uiose 
described (3133), two cylinders of copper, ^h 
5.5 inches long, but one was only 0.2 of an inch 
thick and the other 0.7, or twelve times the 
mass of the first. Fig, i 7. They were then passed 
in succession between the poles of the magnet, 
and gave results very nearly alike. If there was 
any difference, the effect was highest with the 
smaller cylinder; and this may very well be; 
for as the magnetic field was not equal in force, 
tat most intense in the magnetic axis, so it is 
Indent that whilst one part of the taige cylin- 
dei^, in pasting across, was at the axis, oth» 
pdrie were in places of less intense force and 
eMm/and so a return ouiteht may have exlst- 
ed'ln ttiokj which coidd tat occur to tiiesame 
dadtat ih a oylimto li^le mtne than a fourth of 
thefqrmer, aiid wlfichi etihe 
tiita} had an outlet for thetarreuts equal 
te its own diameter, through the conducting 
wires.' A tifflilar rdataa of maasoeott^ 
cainirheie the body (d the rnagnet it^ 
TtiMng, does so more than a SB^ 

: The mfluttnoe of tfaisiitenri^eDt^ 


tfon, «nx>rB witt frequtatiy m. 
may be shown in tiie followi^ instanceeir^ 
loop of four wires, 0.(H^ of an m diamefor 
(3136), was passed over the pole of the mag<* 
net, and produced a certain r^t of defieetion 
or swing; wh^ the wires were staaxated two 
and two, so as to be haff or tbree-qtaTters of an 
inch apart, and vdien, therefore, in moving 
across the magnetic field, one pair went before 
the others, the effect was less, for the reason 
already given in the case of the copper cylinder^ 
(3137). When three wires were idloWed to go 
by tc^ther, but one taken aside a couple of 
inches, the effect fell very much ; and when that 
fourth one was cut across to prevent theretum 
current in it, the effect of the three rose at the 
galvanometer very greatly, almost equaliing 
the effect of the four when togetto. 

3139. A loop was construct^ of seventy'HBX 
equal fine copper wires, each 10^5 inehes loi^ 
ata 0.0125 of an inch in diamieter, and 
feet observed when more and mmre of tiie wires 
were cut away. As it is the comparison cf the 
smaller numtars of wires, one with the oihaa:| 
that is of most value, 1 will give the averages 
of each number for several ol^rvations, intim 
reverse order in which they were obtain^; and 
1 introduce the results with larger numb^ef 
wires only for the geneml purpose of 
how the effect passes into that with the 
inder of copper (3137), theftivaoometer 
duetois always bemg of the Same Imigihiahti 
tbekness. 

; r- 

1 wim produced an avcmge.swh^ o^ m 

2 wires (xroduced an average swing of !. 

8 wiles produced an average swing of 2rJ8 
,4 wires pretittiwdim average swing of S 

‘ gwhespiddni^taaV^^ 

; Owhmpitaim ain a^^ 87*!;$ ; ,: 

8 wires produced'sn average swing of 56M 
12 wises produced an Bverage swing of | , . 

26 wkes pioduesd an average swing cl I W A • 

86 abnoti swung the needle round 
46 stonger than the last ,, , 

66 swung the needle quite round ^ 

66alittIestronger * 

the needle freely * 

l!a<$ii^ lime that the needle 
•ml ntwMd, tiiBt tb* /tonioa iwM 

tin )m lof wim 
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to tbe pait which {Msed between the 
pokiii, toeyslwnM^beoloBe^etW aneplane« 
it nuule no diSetenc^ in the result, whether 
that plahe was perpehdicular to the magnetie 
axis or parallel to it; i.e., whether the wires in 
movini; formed a ba^ which moved edgeways 
or flatways; the results were the same as with 
four wires close together, so as to represent, 
as far as they could, a round or square wire. 

8141. From all these results it may be con- 
cluded that the current or amount of electrici- 

evolved in the wire moving amongst the lines 
cl force is not, simply, as the space occupied by 
ito breadth correspondent to the direction of 
^'hne of force, which has relation to the polar- 
bf the power, nor by that width or (ten- 
sion of it which mcludes the number or amotmi 
'df the lines of force, and which, eorrei^onding 
to the direction of the motion, has relation to 
the eqiudoifial condition of the lines; but k 
jointly as Ihe compound ratio of the two, or as 
toe tnass of the movkig wire. The power acts 
just as well on the intenor portions of the wire 
ae on the exterior or mipeificial portions, and 
a central paartiele, surrounded on all sides by 
copp^i is just in the same relation to the force 
as those which, being superficial, have air next 
tomn on one side* 

8142. By immersing toe poles of toe magnet 
in different media, and then making compara- 
tive experiments with the same copper wire 
loop <3148), it was found that the amount of 
toe induced eurr^ was the same in air , water, 
alcohol and oil of turpentine. The expeiimOnts 
in air were repeated between those with toe 
liquids, so as to give a very consistent and safe 
n^t as to toe equality of action in all the 
eatos. 

^148. The effect of vmaHan of mbstance was 
tociieext sutgect whito seemed to me important 
to bring under mvestigstion, because it has a 
dir^ relation to the amount of force exerted, 
or already to be i^mrted, within scdtd bodies, at 
di^snce from the magnet, in sitaations 
and under drciimi^ceB wb^e it was absolute- 
ly impossible to apply toe vibratioiie df A mag- 
netic needle, or any other fOrtn of the dtects of 
a^toactiveand repulsive forces. The interior of 
suto bodies as iron, copper, bismuth^ ,xqercury» 
Ac., including toe most paramagnetic and the 
lenM ^miagnetie, see^^ this way, npen 
to 4xperimex^l investijsatom, both as to the 
lineeof Icrce travemiiig them iuMtor 
also w to the 


3144. In an early series of these Remstclm,^ 
experiments bearing upon this subject are de- 
scribed (205-213). Wires of different metals 
were moved across the lines of force of a mag- 
net, and the result arrived at was that the cur- 
r^ts induced in these different bodies were pro- 
portional to their electro-conduction power 
(202, 213). 

3145. The thick wire galvanometer (3123), 
with its good and short conducting communi- 
cations, promised however better results, and 
therefore loops like those already described of 
copper wire<(3133) were prepared with /wires of 
different metals, all of the same diameter, name- 
ly, 0.04 of an inch, being only Jisth of toe sub- 
stance of the conducting and galvaxmmeter 
wire. The metals were copper, silver, irdn, tin, 
lead, platinum, zinc. Under these dircunmtanc- 
es the substance concerned in the excitement of 
the current is made to vary, whilst the conduct- 
ing part of the system is very good and re- 
mains the same. The results with these loops 
were as follows, being the average of from six 
to ten experiments for each loop: 

Copper 63®.0 Iron 18®.0 

Silver 61°.9 Platinum 16®.9 

Zinc 3r.5 Lead 12M 

Tin 19M 

8146. In order to dismiss, as much as pos- 
rible, the obstruction caused by bad conduct- 
ing power, and bring out any difference that 
might exist between paramagnetic and dia- 
magnetic metals, three metals were selected, 
nwnely, tin, iron and lead in wires, as before, 



Fig. 18 


of 0.04 of an inch diameter; but the length was 
restricted to 3 inches, instead of extending to 
10.5 inches, and tiie rest of the loop was made 
up of the conducting copper wire of 0.2 in diam- 
eter, as in Fig, 18, Of course, the effect of the 
whole loop is a mixed effect, being partly due 
to toe power r^esented by toe lines intersect- 
ed by the toick copper portion, and partly by 
those hitemected by the three inches of special 
wire passing totvitoaatoe poles. But as toe great 
amount of lorce is ccmcentrated withiu a spa^ 
iKit more toaa aninchiapd ahalf or 2 inches in 
extent (as k eeen €^:eai^ymg any of the loops 
across the magnetic axis), and as even that 
emik be madelstiU more conoentrated by using 
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the iron cube (3129), and so bringing the poles 
virtually nearer to each other, it was hoped 
that the chief effect would be there, and eo any 
peculiar difference existing between iron on the 
one hand and tin and lead on the other, be 
rendered manifest, especially as the resistance 
to conduction was greatly diminished by shoilr 
ening the wires from 10.6 to 3 inches. 

3147. The many experiments made with each 
metal were very close together. The average 
of the results for the three metals was as follows : 

Tin STM 

Iron 34®.8 

Lead 25^4 

The proportions, and therefore the results, are 
almo^ identical with those obtained before 
(3145). 

3148. When lead and copper, arranged at the 
bar-magnets (3084, 3085), had been compared 
in former experiments with each other by the 
fine wire galvanometer, the results for both had 
been the same. But then the two wires used 
were short, and far thicker than the wires of the 
galvanometer or of the conducting circuit, and 
were therefore limited in the production of their 
peculiar action, by those circumstances of mass 
already descril^d (3137). To show that that 
was the case, I now, with the thick wire gal- 
vanometer, employed twoequal loops of copper 
and iron wire, 0.2 of an inch in thickness, Fig. 16 
(3133), passing them equably over the pole of 
the small horseshoe magnet, reduced by the 
keeper (3134). The results were very consist- 
ent, and the mean of them was, for 

Copper 41®.7 

Iron 33®.7 

3149. Here, therefore, the difference between 
copper and iron is not so great as that of 1 to 
1 .24 ; whilst when the conductors, not concerned 
in tiie excitement, were very good, and able, 
Comparatively, to carry on to the galvanom*^ 
et®r nearly all the effect of the excitement, it 
was as great as 1 to 3.5, the difference bdng in 
the latter case above tenfold what it was in the 
former. 

^ 3150. To raise the effect dependent upon the 
inas a in relation to that of the conducting wires 
toa still higher degree, I had a cylmder erf iron, 
d;5 indies in length and 0.7 of an indi in diam-* 
eoidered on to the ends of conductir^ 
so as to li® in ali reispeet Uke that d 
ficir'befoio described (8li?). In 'this case the 
upfta the copper m 

em suftNu^ it; the resuUis bein# ceppei^ 


35^.66, and to iron 38^«S2^. imder tisSMit 
circumstances of mass* tits diftoefice bctwaen 
iron and copper disappears. The apparent in* 
feriority of copper is probably due to tiie 
al discharge, which before reduced the dledit^ 
a cylinder below that of a thick wire (3187)f 
The iron being a worse conductor in itself, am 
having equally good conductors in the prdon* 
gation of the circuit as when it was employed 
as wire, would, I think, have proportionately 
less lateral discharge in it than tti« ooppm*. 

3151. For a comparison, both as reg^i^ the 
particular substance and the mass, I attached 
a timilar cylinder of bismuth to conductors. Its 
effect, with the same magnet and force, was 29P; 
a very high proportion in relation to the copper, 
and no doubt due to its mass. If it could have 
been compared as a wire, only 0.04 in diameter 
(3145), it would probably have appeared ait- 
most indifferent (3127).^ 

3152. So the current of electricity excited in 
different substances, moving across lines of 
magnetic force, appears to be directly as the 
conducting power of the substance. It appeals 
to have no particular reference to the inagnetie 
character of the body, for iron comes between 
tin and platinum, presenting no other distino* 
tion than that due to conducting power, and 
differing far less from tiiem, than they do front 
other metals not ma^etio. 

3153. The amount of lines qf farce (and of tite 
force represented by them) a^^ieaTs, titerefore; 
to be equal for equal spaces occupied and tcav* 
ersed by tin, iron, and platinum undi^ the^eb* 
cumstances; for the diffmnee in result is ht 
no proportion to the ordinary magni^ic differ* 
once, and only as the conducting power. Thia 
agrees with the conclusion bekite arrived ah; 
that, for air, water, bisnmtii, oxygmi, nitrogehi 
or a vacuum, the lines ai tooe are saniete 
amount, except as they are more or less cnn^. 
cmitrat^ in the subst^te amoss which tiiey 
pass (2807), accordingas it is more or lem eosoi^ 
petmtto conduct (2797), or 

netiie force.' 

3154; finch a oonclusbn as that jimt srri^ 
at, brbags on tixe question of whi^ iswMvMl 

> When bismuth is aoklered into the c&routt^it 
quires to be left a long time before it is. used tor a- 
periments, and shouid then be oovered ttra me 
loop handled with greet cere; otfaerwiaS llhermhtim' 
rents are produced. For en hour or two aftm'aoldarr 
ing it fenerates electrical ourrents; which Sppear al 
the ttm^nemetor Very irreaeXeriy, bemg srobaHr 
due to iatenuU moleciMBr dtangea, wH A geotof: Itoei 
time to time, until the whole hes aequiiea a 
neatfhate^-SUaffibtluiA.' * • ■ i ' ' - . f.--:#' 





to to de&i€idT Fdr my 
0^ I toutostitod tlie term to 
mem the opposite md antithetical aotions 
.erfildi are manifested at the opposite ends^ ot 
tto epperim sides, of a limited (or unlimited) 
pitutito A tif force (2835). The lineof dip 
^ toe earth, or a part of it, may again be re- 
toiM to as the natui*al ease,^ and a free needle 
Idioveor below the part, or awire moving across 
itr-(dD76, 3079), wW give the direction of the 
polarity. If we refer to an entirely differentand 
avtifioid source as toe electro^magnetic helix, 
toe same meaning and description will apply. 

3155. If toe term have any meaning, 
y^tdoh has reference to experimental facts and 
not to hypotheses only, beyond that included 
in toe above description, I am not aware that 
-ithasever beendisttnctly and clearly expressed. 
It may be so, far I dare not venture to say that 
I recollect all I have read, or even all toe con- 
clusions I myself have at different times come 
to. But if it neither have, nor should have any 
otoer .meaning, then the question arises, is it 
eQl 3 «|cfly exhibited or indicated in every case 
by attractions and repulsions, i.e., by such like 
mutual acticms of p^icular bodies on each 
ottor under toe magnetic influence? A weak 
Bolntiott of protosulphate of iron, if surrounded 
by water, ^1, in the magnetic field, point ax- 
iahy; if in a stronger solution than itself, it will 
jpdnt equatorially (2357,2366, 2422). The same 
is trto with stronger oases. We cannot doubt it 
tomld' be true even up to iron, nickel, and co- 
tolt,. if we could lend^ these bodies fluid in 
Mm irithout alteiing tbfdr paramagnetic pow- 
, ^ if we had the command of magnets and 

tfiltotesimgneto and diamagnetic media, 
Ittwgmr weaker at jdeasure. But k the case 
dlulto anlution^ we cannot suppose that toe 
tototo has one polarity in the stronger solu- 
tontod anotoer in toe water. Tbelines of force 
field have toe same gener- 
. slpt^^to^ toecaaes^shd^^ 

have it, by Ito moving wire 
:toou|^ not by the attractions sj^ re- 

xi^^^but as to toe imture 

1 of toa mc^v^ an investif^r; 

ifi^,^ttods ttttoto .fo touch upon 

. IpjO^veiyimtato 


totepttt tom emMrtiy. Toassum 
ing b always toe direct effect of atoaotive and 
repulsive forces acting in tiouples (asinthecaa^ 
es in question, or as in bismuth crystals), is to 
shut out ideas, in relation to magnetism, wldoh 
are already applied in the theories of the nature 
of light and dectricity ; and the shutting out of 
such ideas may be an obstruction to the ad- 
vancement of truth and a defence of wrong as- 
sumptions and error. 

3157. What is the idea of polarity in a field 
of equal force (whether it be occupied by air or 
by a mas^ ^ soft iron)? A magnetic i^B^le, or 
an oblong piece of iron, would not snow it in 
toe air or elsewhere, except by distuming toe 
equal arrangement of toe force and rmdering 
it unequal; for on that the pointing of the needle 
or toe iron, or the motions of either towards 
the walls of the magnetic field, if limited (1^828) , 
would depend. A crystal of bismuth in showing 
this polarity by position (2464, 2839), does it 
without much altering the distribution of toe 
force, and the alteration which does take place 
is in the contrary direction to that effect^ by 
iron (2807), for it expands the lines of force. It 
seems readily possible that a magnecrystal 
might exist, which, when in its stable position, 
should neither cause the convergence nor di- 
vergence of the lines of force witt^ it. It need 
only be neutral m relation to space or any sur- 
rounding medium in that direction, and disr 
magnetic in its relation in toe transverse direo- 
tion, and the conditions would be fulfilled. 

3158. But though an ordinary magnetic 
needle cannot show polarity in a field of equal 
force,' having no reference to it, and in fact ig- 
noring such a condition of things, a moving 
wire makes it manifest instantly, and also shows 
the full amount of magnetic power to which 
such polarity belongs; and this it does without 
disturbing the distribution of the power, as for 
as we comprehend or understand distritetion, 
when thinking ot magnetic needles. At least 
such at present appears to me to be the oeee, 
from the consideration of the action of thin and 
todck wires (3141) and wires of different suV 
stances (3153). 

8159, As an experimentalistf I fed bound to 
let experiment guide me into any train el 
thought which it nmy justify; being tetbSad 
that eaperiment, like analy^ mutt lead to 
ttritt truth if rii^y inteipret^; and beltote 
ingabotoat itb in ite nature for matesuj|l»to 
tivecfnewtiaiiisof timugfat and 

•Otts mM ss i fiylins a fos l^^ a s>s # i 

tostishiMiMdsao« ^ ^ 
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, & onlBr 

tic^, ^ vioyihe Inm in whubllH^lH&K^^ 
of 'tbe '«i» may be api^ad, 1 bad an 

i^l^paiattts ecoKStnuited, Fig. 19, cchubb^ of a 
wooden aads, <nie extremity of -v^db wae ter- 



minated a copper screw, intended to reomve 
and carry one or more discs of metal tiutt might 
be screwed on to it. This mid projected so far 
beyond the support that such could be 
partly introduced between the poles of a horse- 
shoe magnet, so as when revolving, to move 
across the lines of force at their most intmise 
place of action; and, whilst the magnet and the 
i^paratus continued fixed, to revolve continu- 
oudy across the same lines of force. One of tiie 
galvanometer wires was pointed, and so hdd 
as to bear into and against the sur&ce of a cup- 
diaped cavity at the end of the axial screw ; and 
tile other was applied by the hand, or so fixed 
as to bear by a rounded part against tile rim of 
tile disc, at ^t point which was farthest witii- 
in tiie poles of the magneto 
SlfiO. Discs of metal were prqwred for this 
aj^iaratus, each 2.6 inches in diameter^ and of 
dwrent thidmesses and matmiaL When b disc 
of copper was fixed on the axis, and adjioted in 
assodation with the large horeethoe magimt 
(3169), as desmbed above, tiiree, oroveh two 
ririkdo^na of it, would deflect the needte of 
^ tidek wire gidvanometer through a awmg 
tsi 30*. in tins rqiparatns, the most eSedual 
pilrt of portion of tiie cfise wh^ is at. any 

uioaMirt^aBaii^ across the mi^etie s^fatha^ 
vi^ieh IS near the dreomference; for it has the 
'greatest vetoetiy; eonaequentiy moves tiwo^ 
tabtdipaoei'and that in a put vhere the lines 
am iHMt floneinitiaited. . 
wflL Ihe eontaet at the end of the axle 
shmdd idsnys be oamfidly watdied and made 
ghsflvXhe degree of pressom on the edge of the 
'tHlfeirihQh|idaotbetoodi(dit;otfawwiBetheoQn- 
tlMtt toides tin ebmiinetaiMes of the tsotiflo, is 
iwtMftUisid'tfr-tany-l^^ tiiBflsaw:eeia> 


Bhmtproportion of ourMnt.gsnmated. jifltiMe 
diouU it be made at the aog^ «f the diseedgsf 
if a gnitingtff cutting Metian oceor, sadM^ 
donrent is gei^ted by it> a smoo^ hard 

fricticm of oopperwire agthist the ec^perd^.. 
there is vmy little evolution cd current. Wheis 
the fioj^per wire presses agddst- the edge cd an 
iron dim there is far more.) In dther case, how- 
ever, the eiflSet may he elhninated or compea- 
sated.; for, in iriiiohever direction the disc is re- 
-volved w&hout the magnet, the deviation of the 
nee<fle, if any be produced, remains the ssan^ 
whereas, when the magnet is in place, tiie devi- 
ations produced by it are in the reversed direc- 
tion for reversed revolutions. Hence, if aneq^ 
number of revolutions be made In tiie two <h? 
recticms, and the unequal defleetions in ^p^ 
site directions be noted, the hidf of thehr snai 
give nearly the amount of deflection whidh 
would have occurred if no current had be^ ew 
erted by friction at the edge, i.e., provided ths 
deflections have not been throu^ large ares. 
These ^ects of friction are no doubt ob|ectipoa 
to the principle in this form; still tiie renute 
are, as it appeus to me, valuable in reiatiem^ 
copper and iron, and.are as follows. 

3162. A coppm dho, 0X)5 of anintii in thitis- 
ness, gave a swing deflection for two rev^- 
tions, which, bring the average of severri ex- 
periments, >b 20*.8. A second copper disc, ^ 
0.1 of ui mch in. thickness, gave an avetaga^. 
flection of 27*.8, A third ccq^ier disc, cl.Q^lA 
thirimess, gave a deflection of 26^Ji. 
thei^ore, notmly hasthietluckness (wititj^mfia 
conihtions of contact) been attained <fQa^ fhie 
mAximiiin effect, Ixit eyen sqipasse^ (3131^: 
Thai an iren diso of .0f)6 in ^riESM^ wgl 
placed Ob the Bide, and gave, as i^B faean 
a d^eotidii of 16*4^1 Another iron dise rif foor 
times tiie:ihiriCDess ;(ar 0i2) gave a .deflestiint : 
only of 14*. <Bo hao .als<h as briore, tin tido^ 
ness <d.Baiadmum<^Eeet bad been eurpasgacLi ' 

8163. The two diecB edeegiper sad hpn'otl^ 
in tiariamss ea^if wtdeh pmdnoM 
rat^ tiie. reflective' dwdatbns ^ 2M^ 

. U*, wet«.tita).b0thfix^ontimax^heihigs 
{ushed hom tnutind con 
mass, ^ a jiaper, thotgdi hotii Wi^l 
eemtsfr^ eoptaatoi ti» oentm r 


• eesiuiudtiMiiien. .wur' perferind.; -.laL 


;dite Whnitiht into fib* 





^ 'wiien file iron disc was in the circuit, the 
deviation produced by it was Hwe, 

therefore, ^ proportions were nearly tiie same, 
when the two discs were subject at the same 
moment to the magnetic power, as when they 
were examined separately. Both have fallen a 
little^ but not in any manner which seems to 
indicate that the iron has had any peculiar in- 
flnenee in altering or affecting the lines of force 
passing across the magnetic fidd. The effect 
which has taken place appears to be one due to 
the action of the collateral mass of conducting 
matter. 

3164. If the direction of the electric current 
kiduced by the magnetic force in the moving 
metal be taken as th^e true indication of polari- 
ty, and, I think, it cannot be denied that it rep- 
“'h^nts that character of the force, which the 
term polarity is intended to express, and is un- 
changeably associated with that character ; then 
these results show that the polarity of the lines 
of force within the iron is the same with that 
within the copper, when both are submitted in 
like manner to the magnetic force. In associa- 
tion with the former and new results with bis- 
muth (2431, 3151, 3168), and numerous other 
phenomena, the same conclusion may be drawn 
as to the lines of force within that substance, 
for the effects are the same with regard to the 
production of a current in it; and so further 
evidence is added to that which I have given, 
tending to show that bismuth is not polarized 
in the reverse direction as iron or a magnet 
(2429, 2640). By reference to the phenomena 
presented the relative actions of paramag- 
netic and diamagnetic substances, the same 
eondusions may be drawn with respect to all 
bodies and to space itself (2787, ^.). 

8165. That the iron disc affects the disposi- 
of the lines of force, is no doubt true, and 
the extent to which this is done is easily seen, 
by Sbdng a small magnetic needle, al^Ut 0.1 or 


through the air, close to the iron, is exactly 
equal in amount of force to a section taken 
across parallel to and through the iron disc 
(3163) . All iron under induction must have }ust 
as much force, i.e., lines of force in its internal 
parts, as is equivalent to the lines which fall on 
to, and are continued through and out of it; 
and the same is true, as it appears to me, of any 
other paramagnetic or diamagnetic substiance 
whatever. The same is true /or the magnet itsdf ; 
for a section through the magnet has been 
shown to be exactly equal to a section anywhere 
through the outer lines of force (3l2l), and 
these sections may be taken at the surface of 
the magnet, where they may be considered as 
either in the air or in the magnet indifferently; 
and therefore alike in size, shape, powen polar- 
ity, and every other point. \ 

3166. 1 have used the phrase conduction po- 
larity on a former occasion (2818, 2835), but so 
limited, that it could lead to no mistake of my 
meaning, either then or now. It requires no 
words to show how it is included in the higher 
and general expression of the direction or po- 
larity of the lines of force. 

3167. Some other results with the disc appa- 
ratus (3159) were obtained, which it may be 
useful to describe here. Tin was formed into a 
disc of 0.1 in thickness, and 2.5 inches in diam- 
eter. The effect of the friction of the copper con- 
ductor at its edge was a feeble current, the re- 
verse of that produced in the cases of copper 
and iron (3161); but the current produced by 
the revolution, and dependent on the polarity 
of the lines of force, was the same as before. It 
produced a swing deflection of 14^.9 for two 
revolutions of the disc. 

3168. A disc of bismuth produced far too 
strong a current by friction against the copper 
conductor to allow of any useful result in its 
simple state. A ring of copper foil was therefore 


'6.05 of an meh in length, across the middle of a 
JIalece of stretdbed ttoead as an axis, and then 
brin^g it into the magnetic field and near the 
of the stationary disc. The lines of force 
be seen (3071, 3076) gathering in upon the 
}rpn at and near its ed^, but only for a very 
JMe dltStaneO fobm it in any direction; the 
is that wkich I have considered proper to 
% body (2807). Elsewhere, tl» 

^ force go with Same direction across 

the iron is; as where it 
and it 18 ^^ ine a proved fact, proved by 
apmerouS xesulte given, that a section of 


formed, and beingplaced tightly on the Insmuth 
disc, was wedged up by plates of clean copper 
foil, so as to produce a ctean hard contact; im- 
perfect, no doubt, but as general as could be 
made under the circumstances. VS^en this disc 
was rotated in the one direction, it gave a de- 
flection in the same direction as if a copper 
iron disc had been used; when rotated the 
other way, the diction was little or nothing. 
This difference is due to the united influence ^ 
the rotation effect and the friction ^ect in the 
<me case, ami tbtir (^potition in the otiier ; 
the results dbow the lines of force are in 
Hs0 same direetion throui^ biamnthf vtoiber 
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tween the magnetic poles, as they are tibrougfa 
copper and iron. The induced current m smcdl, 
both because of the bad conducting power of 
the bismuth and the imperfect contact at the 
edge. When the same copper rim was placed 
on the copper disc, it reduced the deflection of 
the needle from 26®.5 to 9® .34. 

3169. In illustration of the effect produced 
by those parts of the disc, which, not being in 
the place of greatest action, are conducting back 
those currents formed by the radial parts in the 
place of maximum effect, I had a wooden disc 
constructed, 0.2 in thickness and 2.5 inches in 
diameter, the centre of which was copper, for 
the purpose of attachment and electrical con- 
nexion, and the outer edge a ring of copper not 
more than ^oth of an inch, in thickness. The 
two were connected by a single copper wire 
radius, in thickness 0.056 of an inch, which, as 
the disc revolved, was of course carried across 
and through the magnetic field. It gave a de- 
flection of 14®. The copper disc of 0.05 thick- 
ness, gave only an average of 28®. Now, though 
the matter of the copper ring round the wood 
will cause part of the current, yet the chief por- 
tion must be due to the copper radius, which, 
at the effectual part near the edge (3160), is 
not more than the H 4 oth part of the full copper 
disc; and this indicates how much of the elec- 
tricity put in motion there by the magnetic 
force must be returned back in short circuits 
in the other parts of the disc. 

3170. The disc apparatus shows well the de- 
pendence of the induced current upon the tn<er- 
section of the lines of force (3082, 3113). If the 
disc be so arranged as to stand edgeways to the 
magnetic poles, and in the plane of the magnetic 
axis, so that it shall be parattel to the lines of 
force which pass by and through it, then no 
revolution of it, with the most powerful mag- 
net, produces the slightest signs of a current at 
the galvanometer. 

3171. The relation of the induced current to 

the eleotio-conductmg power of tl^ substance, 
amongst the metals (3152) leads to the pre- 
sum^ption that with other bodies, as water, wax, 
glass, &c., it is absent, only hi co^nsequence of 
the great deficiency of conducting power. I 
thought that processes analogous to those em- 
ployed with the metals, mi^t in sudi aon- 
eohductors as shellac, sulphur, &o-, jddd shme 
results of static electricity (181, 192) ; and have 
mide many expeiimmits with tins view in the 
miMhseiha^etic Md, but withocrtiny distinct 
resafe.. ^ r ' 
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tained witii motdng meiah. But mm sKstioh 
would not generate a relation, witiicb 
founcktion in the existence. some previous 
state; and therefore the q^iment met^ niMi 
be in some relation to the active centre of 
and that not necessarily depenc^t on t^sir 
paramagnetic or diamagnetic condition, be* 
cause a metal at asero in that respect would have 
an electric current generated im it as well aa the 
others. The relation is not as the attractions m 
repulsions of the metals, and therefore not magn 
netic in the common sense of the word ; but ae^ 
cording to some other function of the power. 
Iron, copper, and bismuth are very differmt in 
the former sense, but when moving across tim 
lines of force give the same general result, mod- 
ified only by electro-conducting power; 

3173. If such a condition be hereafter verified 
by experiment and the idea of an etectronio 
state (60, 242, 1114, 1661, 1729) be revived and 
established, then, such bodies as water, oil; 
resin, &c., will probably be included in the same 
state; for the non-conducting condition, wMch 
prevents the formation of a current in them, 
does not militate against the existence of that 
condition which is prior to the effect of motion. 
A piece of copper, which cannot have the cur- 
rent, because it is not in a circuit (3087), and a 
piece of kc, which cannot, because it is a non^ 
conductor of electricity, may have peculiar \mt 
analogous states when moving across a field of 
magnetic power. 

3174. On bringing this paper to a dose, I rnm- 
not refrain from again expressing my conviction 
of the truthfulness of the representation, whidh 
the idea of lines of force swords in regard to 
magnetic action. All the poipts whtdi are pii* 
periinentally established with regard to 
action, i.e., all that is not hypotiietical, appear 
to be well and truly represented by it. 'What- 
ever idea we employ to represent the power 
ought ultimately to include electric forces, lor 
the two are so related that one expression ougfht 
to serve for both- In this respect, idea of 
lines of force appears to me to have ad^antai^ 
over the metW of representing mam^etie ibte-, 
es by centres of action. Ina straight lor 
instance, carrying an electric current, it k 
parentiy impossiUe to represent the magii!Sti& 
forces by centres of action, whereas the liim oi 
force timply and truly repreemt them. The 
study of these fines hitve, ak different 

been greatly influential in leading me to 
ous resulte, whkh I.tfaiiikprovetiieir 
well astetiUty- IhiuevtiialawprjBi^^ 





tia3i4149i,161^4fl); llie rebhtbaof 

(21^ and note); diama^ietia actbn 
aiid its law <22^), and i!mgnecr}f^ta^ action 
are oases of this kind: and a similar in- 
flue^ of tiatenii over my mind, will be seen in 
tkeftirftOT instanoes of the polity of diaxnaiS* 
i^oJbeKfies (2640); the relation of magnetic 
eiiryes and the evolved electric currents (243); 

explication of Arago’s phencmienon (81), 
and the distinction between that and ordinary 
magnetism (248, 245); the relation of electric 
and magnetic farces (1709); the views regard- 
mg magnetic conduction (2797) and atmos- 
pheric magnetism (2847). I have been so ao- 
dWtomedy indeed, to employ them, and espe- 
cially in my last Resean^, that I may, unwit- 
J^ly, have become prejudiced in their favour, 
and ceased to be a clear-sighted judge. Still, I 
have alleys endeavoured to make experiment . 
the test nid controller of theory and opinion; 
but neitha' by that nor by close cross examina- 
tionin principle have I b^ made aware of any 
mror involv^ in their use. 

2175. Whilst writing this paper I percdive, 
that, in the late series of these Reaeardies, Nos. 
XXV f XXVI, XXVII, I have sometimes used 
timterm lineM cff^rce so vaguely as to leave the 
reader doubtful whether I intended it as a mere- 
ly repre^tative idea of the forces, or as the 
dei^ption of the path along which the power 
was continuously exerted. What I have said in 
the beginning of this paper (3075) will render 
that matter dear. I have as yet found no reason 
to any part of those papers altered, except 

these doubtful expressions: but that will be 
recced if it be wnderstood that, wherever the 
i^iHnssion Une i^farc6 is taken simply to repre- 
iMt tim disposition of the forces, it shall hsye 


tea fuBhees of thal memdai; 
ever it may seem to ; j^prescut the of tim 

^ymeal mode of iraAemission of the forcOf it 
expresses in that respect the opinion to whi^ I 
incline at present. The (^nnion may be eriqpo! 
DUS, and ^ all that relates or refers to the dis- 
position of the force will remain the same. 

8176. The value of the moving wire or con- 
ductor, as an examiner of the magnetic foipes, 
appears to me very great, becmise it touches 
the physics of the subject in a manner altogetii- 
er different to the magnetic needle. It not only 
^ves its indmations upon a different ppindple 
and in a Sinerent manner, but in the mutual 
action of it and the source of power, ii affects 
the power differently. The wire when qifescent 
does not sensibly c&turb the arrang^ent of 
the force in the magnetic fidd; the needle wh^ . 
present does. When the wire is moving ii does 
not sensibly disturb the forces exter^ to it, 
unless perhaps in large masses, as in the discs 
(3163), or when time is concerned (1730), i.e., it 
does not disturb the disposition of the whole 
force, or the arrangement of the lines of force; 
a held of equal magnetic power is still equal to 
anything but the moving wire, whilst the wire 
moves across or through it. The moving wire 
also indicates quantity of force, independent of 
tension (2870) ; it shows that the quantity with- 
in a magnet and that outside is the same, thou^ 
the tension be very different. In addition to 
these advantageous points, the prindple is 
available within magnets, and paramagnetic 
and diamagnetic bodies, so as to l^ve an appli- 
cation beyond that of tiie needle, and thus give 
experimental evidence, of a nature not other- 
wise attamable. 

Royal InsHtuHon, October 9, 1851 
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On the EmpiloymBta qf the Induced Magneto-deOrie Curreci 
a Uqcuwe cf 

: . fiiBCsivaD Dbcbhbeb 31, 1851, Bbad Mabcs 26 Aiq> Atbil 1, 18^ 

I have aade to ^ neoenat7jf(ir«uhaiwtpoBe;aB4a;Si^^ 
UM the induced xnagneto-deetricearrent as an IjrtluttlaiMWld innve ttnttlioainOoiit^t^^ 
«q,BrimeiitaliiKScatioDoftlie{nefl6nce,dira^ rent mdoeed ie pioiMy proportionate to tlia 
jtiHi uid anioont of megsMie loreee (8^ antcanit of )ian of ma^petic fotoe inteineptaft 
gOjteteitroquMlwtltttleiic^akocieaiiydein- the moviag irire, in which the oloctne^wiv 

<|ll|jrrtt the^iacqi^ and dCvelepe the prao* rent -le gener a ted and appeaiii (308% .$UI|nr 
'■•^drerii^f^lliweieiWaea JtBa; »■ Mff. ■ The proof alreaciy given fa, t fldnli^ e uCj^iieBitv. 
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&i»teioaeaaB»ii^ievfalaafi^ «• is. Meed 
batfonqwr is-ilie&et a&ziORa»enaaEit.(d [»&» 
ptopoii&m, I proceeded io> aqwrimeat 
'Miilaputb power of titeeaiihfWhk^IHMents 

us in& a field of actM raiMy vaiTiiig i& 

f(«ee with M distanoe, ee m tlte case cl small 
xofl^pietf^ bat oae 'wfaM for a given plaoe may 
be ooiiMmed as umfom in powor and direo- 
tkm; fdr'tf a room be deaied of aU 'OomnKm 
magMa, tiien the terrestrial lines of ma^ietio 
fmroe wbaeh pass (broug^ it,.have one eomnKm 
direetioin, being that of the dip, as indicated by 
a free needle or other means, and ate in every 
part in exM^ proportion or quantity, in., have 
equal . powo-. Now the force being the same 
everywhow, the proporticm of it to the eurrent 
evolved in the moving wire is then perhaps 
m<ne simply and directly determined, than in 
theease idiere, a smaU magnet being emfdoyed, 
the force rapi^y changes in amount with the 
^stEuice. 

f i. OolMmemefer 

3178. For such expMnental results as I now 
propose to give, I must teiet to the galvanom* 
eter mployed and the precsutkms requisite for 
its proper use. The instrument has bera already 
described in principle (3123), and a figure of 
tim conductor which suirounds jhe needles 
givoi. This conductor may be conridered as a 
squme coiqter bar, 0.2 of an inch in thidcnem, 
which passes twice round the jdane of vil»a- 
tion of each of the needles fonning tiie astatic 
ecnnbination, and then is ccmtinued outwards 
and terminates in two descending porticos 
whirir are intencM to £p into cups of mwcury. 
Aa both the needles are witiiin the convolu- 
timiB of this bar, an indicating InMe Or. fine 
wire cl ooppm is fiond parrilri to, and above 
/yi/y, them upon the same axis, and 
’ ' /mj^ tiiiB,iHtravrilingover the usual 
graduated (hows the 

y pMi and tite<extent of vibra** 

tioniw8wiBg.of tire needles be» 
tew. The sutptosiea ia by eo^ 
' Yffff «oon efik,«id in other rejects 
JriT M iistrummil is ifire a good 

II brcyinilF g^vaaKunster; 

K V y |>i| . •SlTfi.’It is IdiiUlir teo^mtaht 

j* ' V thatf^the' bar 'ftf o^pM-About 

'cliii^MfrvitttMl nerb'llaoe M Mr’iMsoM* 
htg^tMomstinuMn, be aakiwy .betwe en 
MMrsNriteal eMi dthobar, F(^’<I;Mtead 
ol'lHtWi tttthWdle at fiMfipetetedtiedhie one 


ridfr.ol<<lb*«tM; bcMMdsiitlir atteaeM#' . 
tbeM^ P<>rtMsolM Mil atMllM^^ 
that the ocm>er was magnetie, but on elesuring 
tbesuilaoecarefttilywitiifine sandpaper, Iwas 
able to imnove this effect, due no doubt to ken 
eommunteated 1^ handlM 0 )^ M uw of todg, 
and theneedletiren stood truly in a {Me eqqlr' 
distant from the two coils, when that plam , 
correeqKmded with the magnetic moidiaL 

3180. Tlw connections for this gaivancHneter 
(3123, 3138) were all of copper rod or wke 0J 
of aa huh in diameter; but even witit wires of 
this tiuekaess tire extent of the ctnMihietoie 
should not be made more tiian is neoessaiy; far 
the inorease from 6 to 8, 10 or 12 feetln kngtii, 
makes a considerable difference at the gsMf 
nometsTv when deotric currents, low in intcnv* 
sity, are to be measured. It is most beautM to 
obkrve in BU<h cases the ^>plieatioa of OMs 
law of currents to the effects produced. When 
the connections were extmided to a didanoe, 
straight lengths of vrire witii droppM 
were provid^, and these by dij^iiag into cups 
of mercury completed the connectira and di^ 
cult. The cujpB oondsted of cavities turned jn 

flat pieces of wood. The ends of the conaectM 

rods and of the galvanometer bar were Mt 
tinned, and then amalgamated; after whidi 
thdr contact with the mmrcury vms faotir ready 
and certain. Even where ocmneetion had to.^ 
made by contact of the solid substanee^ll 

found it very convement and certain to tin IM 

amalgamate the ends of tbeoanduotmis, w%ditg 
off the excess of mercury. The smfaoes^bw 
prepared are always ready for a good aad.p(». 
feet contact. 

8181. Whoi the needle has talmn its pcsfc* 

tion under theearth’Binflueneeiaadiheoojppar . 
o(^ is adjusted to It, titentedleoMri tostaad 
at true aero, and appeeis sa to do. When 4hai 
k rerily the ease^ equal forcea appfied ktiitto* 
cesdcm oh opposite tides of the XMedle (by iMte 
cmitiaiy.cttiiMs theM for mStiUMfti 

OQt^ to <Mect M MeiUe sguaI4r: o&> Mw 
ti(M Ml they db so. BufesontttiineB, wlMtiae 
heedte m^ipeaiB tochM at aeso^ itmayaot kt 
truly in Ihe magiwtic nmridian; for a littie M 
tioh k.the su^munoh ihretii(,.«vm thqm^ 
Wjbn^ 10* ^ 18* (for ah ihdiircirM 
sM quite tesNitible to the eye tetidng 
magn^ needle, does defiect it, and (hea M 
form vfiiitii ^ipQses the ewiog .af.timt' « i s ||k ^ 
aMwyjtit.Bto^ ahdmturiwMMedtetoMwii 
serO'OnBg^dBa both -to M tossM'eMijAh 
eantbteMk), Istieit 

ti» flohMiitinea la 4M’tim«l!tM.eCiaraik ilt 
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the two direetbns is not equal for equal pow- 
etra, but is gteater on one side than the otW. 

3182. 1 have not yet seen a galvanometer 
which has an adjustment for the torsion of the 
sui^ending filament. Also, there may be other 
causes, as ^e presence about a room, in its walls 
and o&er j^^s, of unknown masses of iron, 
which may render the forces on opposite ndes 
of the instrument zero unequal in a slight de^ 
gree; for these reasons it is better to make 
dovhk observations. All the phenomena we have 
to deal with, present effects in two contrary di- 
rections. If a loop pass over the pole of a mag- 
net (3133), it produces a swing in one direction; 
if it be taken away, the swing is in the other di- 
rection; if the rectangles and rings to be de- 
scribed (3192) be rotated one way, they pro- 

^duoe one current ; if the contrary way, the other 
and contrary current is product. I have there- 
fore, always, in measuring the power of a pole 
or the effect of a revolving intersecting wire, 
made many observations in both directions, 
either alternately or irregularly; have then as- 
certained the average of those on the one side, 
and also on the other (which have differed in dif- 
ferent eases from Hotb to >iooth part) ; and have 
then taken the mean of these averages as the 
expression of the power of the induced electric 
curr^t, or of the magnetic forces inducing it. 

3183. Care must be taken as to the position 
of the instrument and apparatus connected 
with it, in relation to a fire or sources of differ- 
ent temperatures, that parts which can gener- 
ate thermocurrents may not become warmed 
or cooled in different degrees. The instrument 
is exceedini^y sensible to thermo-electric cur- 
rents; the accidental falling of a sunbeam upon 
one of two connecting xnercuiy cups for a few 
moments disturbed the indications and ren- 
dered them usdess for some time. 

8184. In order to ascertain practically, i.e., 
exiperim^tally, the comparative value of de- 
grees in different parts of the scale or gradua- 
titm of this instrument and so to render it a 
measurer, the following trials were made. A 
loop like that before described (3133), Fig. iB, 



Fig. 2 


s^OGQmected^m the galmioimeter by com- 

the loop 9 feet 
tiie Ihstn^^ and it was fixed. A 

dates, 

1 iaOmbMd, and OA in 


thickness, was setoeted of such strength as to 
lift a bunch of clean iron filings, averagmg 46 
grains at either extremity. Blocks were arranged 
at the loop, so that this magnet, held in a verti- 
cal position, could have one end passed down- 
wards through the loop until the latter coinci- 
ded with the equator of the magnet (3191); 
after vdiich it could bequieklyremoved and the 
same operation be repeated at pleasure. When 
the magnet was thus moved, the loop being un- 
connected (at one of the mercury cups) with the 
galvanometer, there was no sensible change of 
place in,tl^e needles; the direct influence of the 
magnet at this distance of 9 feet being too small 
for such an effect. 

3185. It must be well understood tlkt, in all 
the observations made with this instrument, 
the swing is observed as the effect produced, 
unless otherwise expressed. A constant^urrent 
in an instrument will give a constant and con- 
tinued defiection, but such is not the case here. 
The currents observed are for short periods, 
and they give, as it were, a blow or push to the 
needle, the effect of which, in swinging the 
needle, continues to increase the extent of 
the deflection long after the current i£| over. 
Nevertheless the extent of the swing is depend- 
ent on the electricity which passed in that brief 
current; and, as the experiments seem to indi- 
cate, is simply proportional to it, whether the 
electricity pass in a longer or a shorter time 
(3104), and notwithstanding the comparative 
variability of the current in strength during the 
time of its continuance. 

3186. The compound bar being introduced 
once into the loop and left there, the swing at 
the galvanometer was observed and found to 
be 16*^; the galvanometer needle was then 
brought to zero, and the bar removed, which 
gave a reverse current and swing, and this also 
was 16°. Many alternations, as before described, 
gave 16° as the mean result, i.e., the result of 
one intersection^ the lines of force of this mag- 
net (3102) . In order to comprehend the manner 
in which the effect of two or more intersections 
of these lines of force were added together, it 
should be rememb^ed that a swing of th4 
needle from right to left x)ocupied eome time 
(13 seconds); so that one is able to ihtroduce 
^e ma^t into the loop,^ then break the eleo 
trie dreuit by raising one end of the communi- 
cating wke out of the mercury, remove the 
magnet, which by this motion does nothii^ 
restore the mercury contact, and reintrodime*. 
the magnet into the bop, before a tolh part Of 
the time has passed, dming whkh the imedieSi 
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by tht ftnst imtnilse^ would swing* In this 
way two hopolses oould be added toge&er, sjkI 
their joint effect on the needle obs^red; and, 
indeed, by practice, three and even four im« 
pulses could be given within the needful time, 
i;e., within one*half or two-thirds ol the time of 
the full swing; but of course the Latter impulses 
would have less power upon the needles, be- 
cause these would be more or less oblique to 
the current in the copper coil at the time when 
the impulses were given. There can be no doubt 
that, as regarded the currents induced in the 
loop by the magnet, they would be equal on 
every introduction of the same magnet. 

3187. Proceedingin this way lobtainedresulhi 
for one, two, three, and even four introductions 
with the same magnet. 

One introduction 15® 

Two introductions 31®.25 
Three introductions 46®.87 
Four introductions 58®.50 

Here the approximation to 1, 2, 3, 4 cannot es- 
cape observation;^ and I may remark that, 
wUlst observing the place attained at the end 
of a swing which is retained only for an instant, 
some degree of error must creep in; and that 
that error must be greatest, in the first num- 
ber, where it falls altogether upon the unit of 
comparison, than in the other observations, 
where only one-half or one-third of it is added 
to a half or a third of the whole result. Thus, if 
we halve the arc for two introductions of the 
^8ee [also] note to (3180) 

^ -ria 7« 80' 

SI 28 

.in 2 - sin 18.628 -ain 16* ST'J 
sin 28.438 -sin 23° 26'.! 
sin nn 29.28 -sin 27* 18' 

* “rin 4* 

-^®-^®-.ain 7*.878-tin T'82'.8 
»a^^-'sin ll*.»36-*inll* 86'. 1 

#[3^®--sial6*.83 ,-sial8*49'.8 

^ 4 Mr. CItristaelias reosUcdiny atteziti<Dii to m paper 
in rTWWociwm*, 1883. p. % 

whioh he has investigated^ at p. Ill, ac., the effect 
of what may be oallra magneto<*eleotrto impulses in 
riafiaftfing the magnetic needle. He found that the 
velooity of ^e projection of the needie^^hioh is a 
lOMure of the force acting upon it at the instant' of 
its aovingw wiU be proportional to ^mhie <of haUf 
tbs arc of swing. My statement, therefore, would ms 
a general expression be erroneous; but for small arcs 
the raults as given Iw it mi act far from the Mth. 


pdb^ it gtves 18^^625; we take the Md xi 
that f<u* three introdueticme, it ghres lStsM; 
numbers which me almost identi^, aoitet ff 
tihe first numb^ was inclmsed by only 
the proportion would be as 1, 2 and 3. Tim 
reason why the lourtih, which is 14^fi25, is less 
may perhaps be referred to l&e cause already 
assigned, namely, the dedinatioii distance 
the needle from the coil when tiiat impulse was 
given <3186). 

3188. In order to avoid in some degree this 
case, and to compare the degrees at the begin- 
ning of the scale, which are most important for 
the comparison of future experiments with one 
another, 1 took only one of the bars of the cmn- 
pound magnet employed above (3184). The re- 
sults were as follows: 

One introduction 8® 

Two introductions 15®.76 
Three introductions 23®.87 
Four introductions 31®.66 

which numbers are very closely as 1, 2, 3 and 4. 
If we divide as before, we have 8®, 7®.87, 7®.98, 
7®.91; so that if only 0.09 be subtracted Irbni 
the first observation, or 8^, it leaves that simple 
result.* 

3189. Hence it appears, that in this mode of 
apidying and measuring the magnetic powm, 
the number of degrees of swing deflection are 
for small arcs nearly proportional to the mag- 
netic force which has been brought into action 
on the moving wire.* 
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269200 

.130526 

- .269200 
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3976818 

'l'328606 

*.3976818 
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*.4886212 
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48862,12 ^ 

.1221553 

-.0697565 


.0697565 

-.1370123 

1370123^ 

:066S061 
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-.2727840 
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The error does not intetfere with the g^seral 
ing and ooiidusions of th4 pi^M»r; and aa the niMPi- 
bera are the results of expemnent, 
made with a ’first and therefore roudh 
were still made vnih some oare, and mw swestted 
dmply as defleetions, I prefer their askpeanmee 
as they are rafoer thaii in an altered Mb. 
Christie had been so kind as to give me the true an- 
pressioaof foroe for many of t8eoaseg,mui I, have 
Insarted the results at foot-notm wheih ‘ w esdii 
eoour*-n/oft. 36, 1852. ; i . 
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iai^^ far dayii and mdtt togaifa^. 

00 ^^ of Hidr atttto fcnr n day 

l» eo8%ae(»iM, ami is ail that isrecfmred 
experim^ts. Those which I 
hava m tise wdgh with tlw asds and indtoatf 
likg wiise 9 graim; and when out of tiie oopper 
wM yibrate to and fro once m 26 seccrndB. 

« 9i9k With this ksinmient thus exaim I 
rqseated most of the experim^te with lo(^ 
Jomeiiy described (3138, Ac.), mth the same 
iw^ts as before. It was also ascertained that 
tile equator of a regular bar-magnet was the 
fdaoe at which the loop should be arrested, to 
poduee the maximum action; and that if it 
came timrt of, or passed beyond that place, the 
final result was less. Employing a magnet 12 
inches long, when tiie loop pasi^ 


perj^dioular to tiked^i, i.e., at emy half lelsf 
olution, then these successive ouiraits csn he 
gathered up and sent on to the galvanometer 
to be measured. The parts c e a^ d/soi the 
rectan^e may be locdced upn timply m 
ductors; for aa they do not in tiieir ma&m 
terSect any of the ^es of fence, so they do ndt 
tend to ps^uce any current. ^ 

8193k The apparatus which carries these k;e(^ 
tangles, and is ^so the commutator for change 
ing the induced currents, consists of two op* 
rights, fixed.cm a Wooden stand, and cairying 
a^ve a wooden horisontal aide, one efi^ 
which is furnished with a handle, whiL 
other projects, and is shaped as in Fig, 


fiXmohes over the pde the dofiection was 5*’.91 

4.1 inches over the pole the deflection was 7^.50 

5.1 inches over the pole the deflection was 7°.74 
fi,i iuehes over the pole the deflection was 8M6 
ftO latiies over the pole the deflection was 7**.75 
fiiUfiuohes over the p(de the deflection was 6^.50 

^ ii, Revoimng Rectangles and Ring^ 

< , ^92« The form ci moving wire which I have 
.adopted far exprim^ts with the magnetic 
farm of the eakh (3177), is either that of a 
iwotangle or a xing. If a ^ ^ 

rectangle {Fig, 5) be 

plaoedina plane, perpen- . . 3 .. 

Ocular to thedq)and then 
turned once round the 
aids a b, the two p^ e ^ 3 
d and 6 / will twice into- 
4 Eiect the of magnetic force within the area 
eedf, Inthefimt l^of revdutionthecontrary 
.i&ootionm'^priiichthetwopartscdand s/inter- 
W those lines, will cause fium to conspire in 
podiw-ing one currmit, tending to run round 
tine rectangle (161) fa a ^ven direction; fa the 
jfaliowfag 189^ of levdution they wili oombine 
fa thmr effaot to’pioiface acontxtuy current^ so 
that if the first current is frofadby c « and/ to 
dftgafa, the second wtB be f rqm d by / e and c 
fa d. I! the reeb^e, ir^tead of being dosed, 

bM out tome thatinXuly ISfa, 

mettbrWitirfototiiki riagi or sd- 

^ to'the eerth's magikotio influenee; they 
qpunt to mad oo&BequaBt upon my own 
nts'upon ewkkgittt wins (171, 148) and re- 
' ' s^iem oTSmury 1882; but he ex- 
nnn* wp> ^.vjsiwrattoiu to tbemfidimMt of tin wire; 
_j «M witdi ud ^ ofjte 

' liKfads'depradeBt ubob tha of the wwe. lae 



may there be seen, that two semicylindrical 
plates of copper a 6 are fixed on the axle, form- 
ing a cylinder round it, except that they do not 
touch each other at thdr edges, whidi there- 
fore leave two Ifaes of separation on opposite 
sides of the axle. Two strong copper rods, 0.2 
of an inch fa diameter, are fixed to the lower 
part of the upright c, ten3ainatmg there in sock- 
ets with screws for the purpose of receiving the 
ends of the rods proc^ng from the galvan- 
ometer cups (3180) : in the other direction ^ 
rods rise up parallel to each other, and being 
perfectly straight, press strongly against the 
<nirved plates of tim commutator on (^^K)dte 
sides; the consequence is that, whenever fa tito 
rotation of the axle, the lines of solution 
tween the comxmitatcH' . plates arrive at and 
pass the horisontal plane, their contact with 
faesebeaifag ledsfadmg^ copseqiiciib* 
fa fae ifaecfa»n of fae inifaent 
thm plaa^ fa ^ rods, ahd ab xm ^ 
VBf&ometer, is changed also. The othwnrtmfar 
ends of t8e commutator plates are tfaifad; fa/ 
the purposaef befag fayacMeriifafa 

tbeeneb of any itootangfa or ring wltti8 
lafaieqtod fa 6iq»Qrfa)^ 



' -SIM. 

Wffdaa ianm (.Fig. S), which hu •’•odesl oa 
«■» «cm that didn oa to and over ihe part of 
^ woodaa aad» projectii^ heroad^ti«a aoair 
atotator plates, .so tiuit H shaU nmttvewiththe 
«da. Aagaall copper rod forma a oorOiaiiatioa 
td that part of ttm fnuae whudi oeer^E»ea the 
pfawe of sals, and the end of this rod i^ttra in* 
to a We in a separate serving to a\Q>> 

|K«t and steady the rectangle and its frame. 
!rheframesareoftwoortluee6ues,aoaetore- 
toive rectangles of 12 mahes;m the rhie, os even 
Utrger, up to 36 indres square, lire reetantd^ is 
adjusted in its place, so that it diali be in toe 
hmiaontal {dane when the division toe 

oommutatw plates is in the same plane, and 
then, its extrraoities are soldered to the two 
commutator plates, one to esdi. It is now evi- 
dmit that when dealing with the lines of force 
id toe earth, or any other lines, toe axle has 
only to be turned until the .upright ocqsper tods 
touch on each aide at the separation of toe 
commutator plates, and then, the instrument 
adjusted in position, so that the plane of the 
ring or rectan^e is perpmidi<nilar to the direo- 
tion of the lines of force which are to be exam- 
ined, mid then any revol- 
ution (d the commutator 
and intersecting wire will 
produce the maximum 
carrmt which such wire 
and suto magnetic force 
ean produce. The Unesof ® 

totestiial magnetic force are inclined at an 
anj^of 60” to thehorizontal plane. As^however, 
mily omnparative results wm« requbed, the 
instrumunt was, in all toe ensuing experiments, 
I^ced in toe horjsontal, plane, ^ritii the axis of 
rotation perpendicidar to the idanfi,<rf the nu^ 
netic meridian; under whidi oircumstaaoesno 
cause of mror or variation was introduced into 
tiie results. As. no extra ma^rt was qipi^yed, 
toe oommutator was placed within 8 feet of ^ 
ifahramometerf so that two fdeees of .et^gier 
. v^ 3 feet long and 0.2 of an inch in thidmess, 

. dlffioed to .eomplcte the communication, fha 
pud of emdi of toese dipped into tiie galva- 
.jiBigetei'xaentoQr tups, toe othenr ends ware 

dnnmfj >Tnii.lg^wm. faMl, ititroduced into the aoek- 
■/'0t.id toe ccHapuitator rods (3193), ppd/ee- 
; , iaiBPd 1>y toe ^toing screw {Pig. 

^ ' :319S. When n given laagth of wire ^ to he 
T- UlieMd of k toe form best suited to laoduce 

toe cirenmataBces to, , 

beeonridered an oontraiy for timeaae of a loop 
: jtoteatoptoptSwitoaBB^inagBet (30,8181), 


aak a aeetegkor otoer i(MaiMd bejir tohe*^ 
ptosfed elto-ti» kwl of torinstrial fone^&’tbe 
case of the small magnet, oB the Sms of-iofeM 
beion^l^to % erekcksed by the loop: aadlf 
toe wke k ee l(Di% that kean be faring kto.«' 
loop cditwo or more convottttioBS, and yetpese , 
over , toe pole, ti»n twice ot many times the 
tiectrioil^ will be evdved toan a aingle kcip 
can produce (36). Ih tike case of the^eaito’b 
force, toecontrary result is tii>e;f<a;atjnirirde(^ 
squares, wirtilar rectan^ea, ice., the anas 
closed areae tim squiures of toe psripherp, .mmI 
toe lixMB of tone intersected are as toe ereen'k ' 
is mobh better to miange a wire k toe 
simple ciraiit than k two or mom convduthme. 
Twelve feet of wire k one square ktersecto k 
one revolutum tire Ikes of force paeakg 
throu^ an area of nine square feet, vtoSst tf 
arranged m a triple circuit, about.a squam of 
one foot area, it wiU only mterseot tiie fines 
due to that area; and It is thrice as advanta- 
geous to ktersect the fines withm nke squam 
feet once, as it is to ktersect tiiose of <«ie 
squam foot tibee times. 

3166. A squam was prepared, containing 4 
feet k Imigth of copper win 0.0& of an kto k 
diameter; it kclosed one square foot of area, 
and was mounted on toe commutator and con- 
nected k the manner already described (3104). 
Six revolutions of it produeed « swii% deScfr 
tion of 14” or 15”, and twelve quick revudutiton 
ytexe possible witiik the mquhred timefSlOl). 
The remits of quick gad daw revduticmsimm 
first compmed. Six slow rovolutkaisgaveM thp 
avmage of several experiments 15”,6.siiritoti'Sk 
modnate revolutions gave also an- average ^f 
1S”.S; «x quidcmyrdutums gave an averagPuf 
15”.66. At anotoer time twelve modmatoim^ 
ktions gave an gvgtggg of 28”.76i and torrid 
quick levdations gave an avconge of, 31*:^ 
swing. Asbefcueexphuned (3186), tiie inoba^ 

, mastmwhytiiequidk.revdatiokisgavealartp 
result tium the modorate or slow revxfiutitoo is, 

. that k dkiw tkse the later mvcdations am per- 
formed at a period when tiie needle is so far 
kom parallri wito the copper ooti of toe 
vanomtow that the impulsm due to tiiem mb 
itoSiblsetaal^ eimtod, Henoepamatl er>k«xi^ 
emto mimberel Fevcduti<»8 anda gukkrOitokh; 
k.kto- 7h0 diffetmce k toe exhttooe euq k 
kn ikm have been expetoed, ^ to^ 

that .there, js no practical itojeetion p tob »* 
spect to tito method popoaed of exp wianfl B tk g 
wito tiiAtfiuM flf istopmtie feme. . ' 

. 3.]j07. k o#K to obtak far toe laeaeDt an 
mpmedto ot w poww of tim eeitok magaetie 
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force by tibis observatioziB were made 

tm both sides of sero^ as afaready recommended 
(8182). Nine moder^y qidck direct revolu- 
tidiiB(i.e^^ai8 the hands of the clock) gave as the 
arvmafi^ of many experiments 23‘*.87, and nine 
teveiee revolationB gave 23'’.87; the mean of 
them hi 23^.62 for the nine revolutions of the 
rectanid®) ^nd therefore 2^.624 per revolution. 
Now the sk quick revolutions (3126) gave 
15M6, which is 2*’.61 per revolution, and the 
twdve quick revolutions gave 31°.33, which is 
also 2^.61 per revolution; and these results of 
2*^.624, 2^.61, and 2^61, are very much in ao- 
eerdanee, and give great confidence in this 
method of investigating magnetic forces.^ 

3198. A rectangle was prepared of the same 
l^gth (4 feet) of the same wire, but the sides 
were respectively 8 and 16 inches {Fig. 6), so 



Fig. 6 Fig. 7 


that when revolving the intersecting parts 
should be only 8 inches in length instead of 12. 
The area of the rectangle was necessarily 128 
square inches instead of 144. This rectangle 
showed the same difference of quick and slow 
rotations as before (3196). When nine direct 
revolutions were ma^, the result was 20*’.87 
swing. Nine reverse revolutions gave an average 
of 2(^.25 swing; the mean is 20^.56, or 2^.284 
per revoluikm. A third rectangle was prepared 
^ the same kngth and kind of wire, the sides 
of which were respectively 8 and 16 inches long 
iFig* 7), but now so revolved that the inter- 
secting ^ris Were 16 inches, or twice as long as 
before; the area of the rectangle remained the 
imme, i.e., i28 inches. The like effect of slow and 


quidc revolutions appeared as in the fonher 
cases <3196, 3198). Nine direct revolutions gave 
as the average 2(f .75; and nine reverse 

revolutions produced 2r.375; the mean is 
21^.06, or 2®.34 per revolution. 

3199. Now 2^.34 is so near to 2^.284, that 
they may in the present state of the investigar 
tion be considered the same. The little differ* 
ence that is evident was, 1 suspect, occasioned 
by centrifugal power throwing out the middle 
of the longer intersecting parts during the rev- 
olution. coincidence of the numbers shdws 
that the variation in the arrangement of the 
rectangle and in the length of the parts of the 
wires intersecting the lines of magnetic force 
have had hd ‘influence in altering the /result, 
which, being dependent alone on the number of 
lines of force intersected, is the same for both; 
for the area of the rectangles is the sama This 
is still further shown by comparing the results 
with those obtained with the square. The area 
in that case was 144 square inches, and the ef- 
fect per revolution 2“*.61, With the long rec- 
tangles the area is 128 square inches, and the 
mean of the two results is 2® .312 per revolution. 
Now 144 square inches is to 128 square inches 
as 2®.61 is to 2®.32; a result so near to 2®.312 
that it may be here considered as the same; 
proving that the electric current induced ^ di- 
rectly as the lines of magnetic force intersected 
by the moving wire.* 

3200, It may also be perceived that no differ- 
ence is produced when the lines of force are 
chiefly disposed in the direction of the motion 
of the wire, or else, chiefly in the direction of 
the length of the wire; i.e., no alterations are 
occasioned by variations in the vehdty of the 
motion, or of the length of the wire, provided 
the amount of lines of magnetic force intersect- 
ed remains the same. 


- mn 7“.83 - rin T»49'.8 - .1382843 

^23.M _ jj, gj _ ^ ll»48'.6 - .2047060 

- rinl6«.«66- rin 16*40' - .2700403 


. .0227067 
25^2*? - .0227474 
- .0228084 


t'Obbnt rectangles of 12S square inehes area give a mean of 20^.81 (8198). The rectangle of 144 squsere 
gava a mean 23^62 $197). 

^ sin dn 10»24'.d « .1806049 

« nin li*.Sl > iiB,U*48'.e - .2b4nM» 
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li2QI; Hai4ilgla.«qii$reontb«framel3h^^ age of 41^7S4 iHIbA j&k 
es in the side but eonsisting of copper wire 0.1 46^.25^ the mean of the two is 44^, 4nd *tiiie ^ 

of an itu&h in thickness, I obtained the average vided dx gives TJBS as the defiecttioii per 
result of many observations for one, two, three, revolution. Again, three direct revolutioheft^ve 

four and five revolutions of the wire. 20**.12, and thiee reverse revolutions 28^^i;^e 

One revolution gave 7° equal to 7^ per revolution 

Two revolutions gave 13^.875 equal to 9^.937 per revoluUon 

Three revolutions gave 21^.075 equal to 7^.025 per revolution 
Four revolutions gave 28**.637 equal to 7®.169 per revolution 

Five revolutions gave 37®.637 equal to 7®.627 per revolution 


These results are exceedingly close upon each 
other, especially for the first 30®, and confirm 
several of the conclusions before drawn (3189, 
3199) as to the indications of the instrument, 
the amount of the curves, &c.^ 

3202. At another time I compared the effect 
of equable revolutions with other revolutions 
very irregular in their rates, the motion being 
sometimes even backwards and continually dif- 
fering in degree by fits and starts, yet always 
so that within the proper time a certain num- 
ber of revolutions should have been completed. 
The rectangle was of wire 0.2 of an inch thick; 
the mean of many experiments, which were 
closely alike in their results, gave for two 
smooth, equable revolutions, 17®.5, and also for 
two irregular uncertain revolutions the same 
amount of 17®.5 

3203. The relation of the current produced 
to the mass of the wire was then examined; a 
relation, which has been investigated on a for- 
mer occasion by loops and small magnets 
(8133).* For the present purpose two other 
equal squares were prepared, each a foot in the 
side, but the copper wire of which they consist- 
ed was respectively 0.1 and 0.2 of an inch in di- 
ameter; so that with the former rectangle they 
formed a series of three, having the same size, 
shape and area, but the masses of the moving 
wire increasing in the proportion of one, four 
and sixteen. "V^en the rectangle of 0.1 wire was 
employed, Ax direct revolutions gave an aver- 


mean being 21®.61, and the deflection per 
olution 7®.20. This is very close to the 
result with six revolutions, namely 7®.38, and 
is a large increase upon the eff^ of the 
tangle of wire 0.05 in diameter, namely 2®.61; 
nevertheless, it is not as 4 : 1 ; nor could such a 
result be expected, inasmuch as the mass of the 
chief conductor remained the same (3137). 
Wlien the results are compared with those mSde 
with like wires in the form of loops, they are 
found to be exceedingly close; in that case the 
results were as 16® to 44® .4 (3136), which would 
accord with a ratio in the present case of 2®.61 
to 7® .26; and it is as 2® .61 to 7® .242, almost 
identical. 

3204. The average of the direct and reverse 
revolutions is seen above to differ considerably^ 
i.e., up to 4® and 6® in the higher case. This 
does not indicate any en*or in principle, but r^ 
suits simply from the circumstance that wbefi 
the needles were quiescent in the galvanometet 
they stood a little on one side of zero (3182). J 
did not wish to adjust the instrument at the 
time, as I was watching for spontaneous alteiu- 
tions of the zero place, and prefer giving the 
numbers as they came out in the investigation, 
to any pen-and-ink correction of the m^. 

3205. The third square of 0.2 wire gave i^ch 
large swings that 1 employed only a s^l num- 
ber of revolutions. Three direct revolutione 
gave an average of 25®.58; three reverse revo- 
tetions gave an average ci 25®.58; three reVeiee 
revolutions gave 28®.5; the mean is 27®.04 aaod 


Differences. 

3‘.30 -.0610486 

e».l?376-rin o-eo'-se -1207888 ^^^^^ 0603838 

- ginl0“.6376 -*m 10" 32'.28 -.1828780 ■ -^ ^-•0808688 

■in 2§|^ . «in 14".3186 -sin 14" l^.U - .imili .24^118 _ o«18278 

gin 2^§Z 180.8186 -»ia 18" 48!'.U-. 8226714 » .66«»MI 

^ k cortefi^hding invesllaation by Cbiistii^' §*hiUo9oph£oA INifieastiotu, 1333, p. 120. 
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die ftmoimt par lavobitioa 9*X)1. Again^ tiro 
dirootjrevolutk^ 17^.5; tworevenserevo-' 
gam^; the isieati ia ir J5, ond 
ip^t par;<i«volutian 8f*J&7; the meant of the 
final reaults ia imd is again an in^ 
ineaae on the effect produced by the preceding 
nosiangle of wire, tmly half the diameter of the 
{Nresait this tincknm of wire traa alao em* 
ployed formerly ^ a loop (3136) ; and if we com- 
pare the resulta t^n obtained with the present 
reeults, itiaremarhaUiehownear they approach 
to each, other; a circumstance which l^a to 
great confidence in the principles and practice 
si both iorms of examination. When wires hav- 
uigmas8eBintbepro]K>rttonof l,4,and Ifiwere 
W^yed as bops, the currents indicated by 
ibs galvanometer were as 1.00, 2.77, and 3.58; 
now. that they are emplo 3 red as rectangles sub- 
ject tO:the earth’s magnetic power, they are as 
||00; 2.78, and 3.45.^ 

3206. 1 formed a square, 12 inches in the side, 
of four convolutions of copper wire 0.06 of an 
in diameter; the single wire which formed 
It was consequently 16 feet long. Such a rec- 
tangte will, b revolving, intersect the same 
nmnber of lines of magnetic force as the forma* 
neetanglemadhwith wired in diameter (3203) : 
there also be the same mass of wii^ inter- 
•eetibag the lines, but, as a conductor, the first 
wiie hM in respect of diameter, oidy one-fourth 
the conducting power of the second; and thoi, 
to increase, the obstruction, it is four times as 
long. Six direct revolutions gave an average re- 
Siitt of Stf’.fi, and six reverse revolutions 19^.7; 
themean is 2(f .15, and the proportion per rev- 
3^.36. Witii the other rectangle having 
pqual ma^w^ mass, but a tingle wire (3203), 
tliertnitit WiiB7’.26; being above, 

1 ^ 0 ^ near upqn twice as much as in &e pree- 
o^vcase. Bence for sudi an excellent conduct^ 
ing gfilvanometer as tiiat described (3123, 
8]l7fi$,^ihe jnoving wire had better be as one 
thick ivke rather tiian as many convolu- 
sS g tidn one. If it be, under all variations 
clleitc^^ the same wire forjthe same 
area, then, of coiuse, two or more convolutions 
aiet^etter than one. 


18^;82»iriti W 8r.2«.2337848 
a Sa Mft Aa »,0779288. The square 12 inches ride, of 
aoaindSsiiietor.gsvste rixrevolurions (319C4 
8197) .02271057 as rin 4 A lor cme reyolutibn, k tike 
MOie d wire 0.10 in mameter save for five revdiu- 

i Aeir d&s 

i;||^uliGia. A like square df wire 0.^ in diameter 
gi^ .0770998 as sb A A l» < . ^ 

;idM6M^ .0779288^ ^ 


It wsa^tn faeanpeeted#^!^^ 
the thin wise reotani^ would pmlimea eur* 
rent of more intmgUy than that in the thick; 
wire, thouf^ less in quantity; and to pm^lthis 
point expmunoitaUy, I eminected tte two nMH 
tangles in succestion with Rhumkcnff’s 
nometer (3086), having wire only l-135th of an 
indi in diameter. That of the sin^e thick wire 
now gave only 1®.66 of swing for twtive revo- 
lutions of the rectangle, or 0°.138 per revolu- 
tion; whfist the other of four convolutions of 
tiiin wire gave for twelve revtiutions 7°.88, or 
Cf .61 per revolution. Now the needles of the 
two instruments were not very cfifferent in 
weight and other circumstances, so that with- 
out pretending to an accurate compaiition, we 
may still perceive an immense falling-off p l^th 
cases, due to the obstruction of the fine Wire in 
the Rhumkorff’s galvanmneter; for tha thick 
wire it is from 7®.26 to 0®.138, and for the thin 
wire from 3^.36 to 0^.610. Still the thm rec- 

tangle has lost far less proportionately in pow- 
er than the other; and by this galvanometer is 
above four times greater in effect than the rec- 
tangle of thicker wire. Of the thick wire effect 
less than a fiftieth passes the fine wire galvcr 
nometer, all the rest is stopped; of the fine wiiw 
effect more than ten times this proportion, or 
between a fourth and a fifth (l^cause of. the 
higher intensity of the current), surmounts the 
ol:»truction presented by the instrument. The 
quantity of electricity which really passes 
tiuuugh the .fine wire galvanometer is of course 
far less than in the proportion indicated above* 
The thick wire coil makes at the utmost four 
convolutions about the needles, whereas in the 
fine wire coil there are probably four hundred 
or more; so that the tiectricity which rodiy 
travels forward as a current, is probably not a 
faundredtii part of that which would be required 
to give an equal deflection in the thick wire gal? 
vanometer. Such a circumstance does not dkh 
turb the oontiderations with respect to the rtia* 
tive intensity of the magneto-electric currei# 
from the two rectangles, which have been tinn- 
ed above. 

3208. A large square was now constructed si 
copper wire ^.2 of an inch in diameter* The 
square was Sfiiiii&es in the side, and theitibre 
consisted of 12 feet of wire, and incipsed an ims 
of 9 square feet; it was attached toihe eon^ 
mutator by eiqp^ntB, which, thot^h sa$cten| 
iot the pMent, were hot ^curate hi 
justments. It p^uoed a fine upigi ibe 
titiek wire gatvinom^ (3178); for 
hitioQ caused a swing deflection of 





vdiirim ita iofeatiwinM wriitjiMiaiiur 'tt ii fp ae 
dki vani|taniHMMBtIy‘delbctod Wtix 
iM«'rar 7 intw«BlBiig to aee how, whm tidmo- 
oOBtaHBjBad ito o»Moo fima hori;- 
ptani^ the ounent boreawd in ib itt'- 
tnnl^ead tiuto dimbidied ag^ theibn&s 
^wing that ndulst the first 10* or fitf 'Of reyo* 
luthm were bdng paased, there was very little 
powtt eneitted oo thm; but ^at nheh-itwraa 
toward^ or sbax the 90*, the power weft grtat; 
the wires then intersecting tire ^es of foroe 
nearly at right angles, and ther^cne, with an 
equal velocity, crossing the greatest namber in 
a given tbae. It was also very interesting, i:^ 
tire same indibatirms, to see ^ two chief un- 
pulseS (8192) giveh in one revohitioa of the 
rectan^e. Being large and massive in ptQpo> 
tion to the former wires, more time was re- 
quired lor a rotation than befcne, and the pomt 
of Ume or vdodby of rotation became more es- 
eentiaL One rotation in a second was as mndi 
as I could wdl produce; A ^leed somewhat leas 
tiuui this was easy, convenient and quick 
ehou^ it gave for a smg^e revolutionnear 80*, 
whilst a revolution with one-hatf or one-tidrd 
tiie vriodty, or less, gave only 60^, iO*, meven 
smaller amounts of deflection. 

3209. Observations were now made on the 
measurem^t of one rotatum having an easy 
quick vriocity. Ihe average of fifteen observa- 
tions to tire right, which came very near to'each 
othm, was 7^.^; the average of seventeen 
mo^ar observationB to the left was 78*.382;aiid 
tile mean of these resoits, or 78*.6t4, 1 believe 
to bha gpod first mqjression for tiusrectan^e. 
Oh measuring the distances across after this ro- 
8 uH«' i'found that in one direction, i>e., ataon 
between the intersectiiig portions d wire, H 
was latiier less than 8fi huhes; havktg there- 
braeoneeted tins error, I rqietded' theohs«<- 
vatioiu and obtained theresuH of 817.4A. The 
i^irieitoe of 2*.83, 1 believe to be atrue result 
ef-fhe alteration and inoease id the wrea mi 
it more aocurately 0 Bt^^mie feet^ and 
It'is to me an evidence ti the'seisihility .dnd 
the instrument. > > 

>1810; As ^ two upca the oimcfiee 

Imimhievolntimi (3208) areheie smidUyspait 
aodto tkwneeefle htoto «ridmtlyi|^ 

. leiMMlrily'l^ its first hefibB ^seebrri 

. Ihigiii^blriyiiixlpitosed tipenit,m tiist toMsidlnlt^ 
hijissoaMoot beso-effecteal aa the first. lifaen' 
the remits with half a revotution, 
ftu d a mean of 41*.37 for the effect. 

This .number evidently befasigs to tlm fi^ of 
jtfis Wo ItQpUiBee cf one revolution; Wd'if we 


mdjtraiit'it fima-81^4li.4t'|iv« dfi^UKF-si Ite 
•nhie of the seocnd hmWse-u&dar flin oihaiigiid 
plamf of iOe needfe. This diffenace oltiistwe 
impulses of one nvohttiou, namriy 41*,Sr.snd 
40*.07i is b W^sct accoidibc^ with the leWUs 
that were to be expected. ' 

8211. Shs equare of tide same ocggKr wW^ 
08 in tifiidmesB, em^oyedoha forraer oecarictt 
(3205)i had an area of one square foot, so that 
then tW lines of foree affect^ or affedting-tlHi 
moving wizewm«on6-nkith part ol what thqy 
are in ^preamt case: the effect th<ai wa8 8*Ot 
per revolution. If, m e(»nparing these cases, we 
take the nkith part'of Sl*.44, it g^vee 9^.M;’» 
number . so neu* tiie former, that we may eon- 
rider tiie two rectan^es as {Moving the same 
residt, and at the same time tiie truth of tiie 
statement that the magneto-riectrio Outnut 
evolved is as tiie amount of lines of force intm* 
sected. A ninth part of tiie result with the ImW 
rectanfde (78*.614), before its area was oomet- 
ed, is ff’.734; so tWt the one is above and tiie 
other below the amount of the I2^m(h rec- 
tangle. As that was not very carefiiUy adbsh- 
ed, nor indeed any of tiie arrangemente madh 
as yet with exticme accuracy, I have httie 
doub that with accurately adjusted rectan{b> 
the resultB would be etrictiy prr^cM-tomal to 
tiie areas.* ' 

3212. Ihe moving wire, in place of heaqg 
fonaed into a rectangle, may be adjusted m« 
rii%; and thm tiie adWmtage is obtained of the 
largW area which a given length of wire tori 
intoose, and therefore for a unifram Wire, the 
obstrueticm to the induced current, as roiWtife 
its (xmduotian, is the least. bnaU rings of'tofe 
or several convolutions vriH prohaMy bh ttoy 
vnlualfiehi tiie examinatiim of small lotot 

magnets undw different carrianstaiuies. tirie 
conristing of teri^E^rafe ef copper wire 0883 ^ 
Sri inrii in diametor, contaiiiing ^ b^to, bri 
ring about l^fibdhbihmilabr) gave but rinW 
ree^ts under tib Ciatth’s h^benee; but when 
btbi^' toto ri homesbie mag^ tdd b Ib'C^ 
foete for ritoiy ^SMtoserb rwtaaoe to bpri^ 
tbn; A angle ring 4'briiee m diameter, hsbg 
made of 4 ehritobtiaiu of oc^ito'rike'^. p 
V ibuM Wt Motanri* Bare SP.to.iib 
«0.73«rin40* 48'.a-.e628t80:«r hbW 
‘41*.87 for be hsU rbohitioii for i A '(toll)} life 
41*.87«ritt 4r> SZ':3*.«0»igo, whlali Otritod'llr 
•Mm rire *07?#Ao»tl» fwrepw janMo fogta^ 
•Qaare foot raoUuisle of like wire (8206) gave .07n4c 
or o0770a 05 the foree of one reyohition; the itat w 
whkb ie JOOmmxte thoa i of the amwM ^ 
effect ol the large equare; the diffeiraiiee bciii^ atw^ 
^'of .'6T714; dr ‘the erhdle foohse hf gad^^oblQticn. 
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wi& ihe eartii’s niag- 
iMBtie fbro(» its before; it gaye as the average:^ 
ski^dut^iiismi^ times n^pea;ted 5^.99^ car 
QfiJ999 per revolution For twelve levolutiozui it 
gave a mean of 12^.375 or 1*’.031 per revolu- 
tion;^ the mean of the two results with such dif- 
fmntnumbeie of revolutions being 1^. Another 
ringy consisting of 26 convolutions of copper 
wire 0*04 of an inch in diameter, was construct- 
ed and had a mean diameter of 3.8 or 3.7 inch- 
es ; it contained 300 indies in length of wire. So 
the masses of the mdsl in the two rings are 
nearly the same, but the latter wire is sin^dy 
only l-25th of the mass of the former. It gave 
for twelve revolutions a mean of 6^.25, or 0^.52 
per revdution. With the earth’s power and the 
thick wire galvanometer, it gave therefore little 
more than half the result of the single thick 
wire ring. We know from former considerations 
(3206), that if the 300 inches had been made 
'^to one single ring, it would have given a very 
high effect compart to the present. 

3213. The application of the principle of the 
moving wire in the form of a revolving rec^ 
tangle, makes the investigation of eanducHng 
power, and the results pr^uced by difference 
in the nature of the sitbetance, or in diameter, 
i.e., mms, or in length, very easy; and the ob- 
struction offered by those parts, which moving 
Botacross but parallel to thelinesof force (3071), 
have no exciting action but perform the part of 
conductors merely, might be lyeatly removed 
by making them massive. They might be made 
to shift upon the axle so as to bear adjustment 
lor different lengths of wires, and the com- 
nmtator might in fact be made to a large ex- 
tent a general instrument. 

< ^14. In looldng forward to further applica- 
tions of the juindple of the moving wire, it 
does not seem at all unlikdy that by increased 
delicacy and perfection of the instrument, by 
incies^ velocity, by continued motion for a 
time in one direction and then reversal of the 
revolution with the reversal of the direction 
the swing) it mi^ be applied with advan- 
tage h^Wter to tiie investi^tkm of tiie earth’s 
insfaetic forpe in different latitudes and places. 

p^t^ the maximum effect, the axis of ro- 
Jiai^ii must be perpendicular to the lines ol 
lorc^ the dip. It ev^ be ppssihle to 
kaai^ few tbe m the Unes of force, or 

tifodip, l^miiMn^ variable 

•to 3r‘*997S - tin 69'*86 
' .,tin . IP tiB«»iriB5 


al^mt tim line qf dip, adjosti^ it in tw^ 
tioiwi until there was no action iSt the galva** 
BOQoeter, and tiien obsertisg the poeitton of 
the atis; a douUe commutator would be re** 
quired corresponding to the lines of adjust- 
ment, but that is an instrument of very simple 
construction. 

§ 36. On tts Amount and General Dispoeition 
of the Forces of a Magnet when Assododed 
with Other Magnets 

3215. Prior to further progress in the experi- 
mental development by a moving we of the 
disposition of the lines of magnetic force per- 
taining to a magnet, or of the physical nature 
of this power and its possible mode of ajetion at 
a distance, it became quite essential m know 
what change, if any, took place in the Wount 
of force posiKSsed by a perfect magnet, when 
subjected to other magnets in favourable or ad- 
verse positions; and how the forces combined 
together, or weredisposedof, i.e., generally, and 
in relation to the principle aheady assert- 
ed and I think proved, that the power is in 
every case definite under those different con- 
ditions. The representation of the magnetic 
power by lines (if force (3074), and the employ- 
ment of the moving wire as a test of the force 
(3076), will I think assist much in this investi- 
gation. 

3216. For such a purpose an ordinary mag- 
net is a very irregular and imperfect source of 
power. It not only, when magnetized to a given 
degree, is apt by slight drcumstances to have 
its magnetic power dimmished or exalted, in a 
maimer which may be contidered for the time, 
permanent; but if placed in adverse or favour- 
able relations to other magnets, frequently ad- 
mits of a considerable temporary diminution 
or increase of its power exter^y, which change 
disappears as soon as it is r^noved from 
neigbbeahood of the dominant magnet. These 
dianges produce corresponding ^ects tq)oa 
the moving wire, and th^ rmider any magnet 
subject to them unfit for investigation in rela- 
tion to definite power* Unchangeable magnets 
are, therefme, required, and these are best ob- 
tained, as is weU known, by selecting good steel 
for the bars, and then making them expeedini^ 
ly hard; I therefore procured seme plates ^ 
thm Bted, twelve inehes long and one inch 
broad, and making them as hard as 1 oouMii 
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^temards magnetised them very oiMlfoDy 
end regularlyi by two powerful steel bar-mag- 
nets, shook them together in different and ad- 
verse positions for a Kttle while, and then ex- 
amined the direction of the forces by iron fil- 
ings. Small cracks and irregul^ties were in 
this way detected in several of them; but two 
which were very regular in the disposition of 
their forces were sdected for further expeii- 
ment, and may be distinguished as the subject- 
ed magnets D and E. 

8217. These two magnets were examined by 
the moving loop precisely in the manner before 
described (3133) i.e., by passing the loop over 
one of the poles, obwrving the swing, remov- 
ing it, and again observing the swing and tak- 
ing an average of many results; the process 
was perform^ over both poles at different 
times. The loop contained 7.25 inches in length 
of copper wire 0.1 of an inch in diameter, and 
was of course employed in all the following 
comparative experiments; the distance of the 
loop and magnets from the galvanometer was 
9 feet. For one passage over the pole either on 
or off, i.e., for one intersection of the lines of 
force of the magnet D, the galvanometer de- 
flection was 8°.36. For one intersection of the 
lines of force of the other bar E, the deflection 
was 8® .78. The two bars were then placed 
side by side with like poles together, and 
afterwards used as one magnet; their conjoined 
power was 16® .3, being only 0®.84 less than 
the sum of the powers of the two when es- 
timated separatdy. This indicates that the 
component magnets do affect, and in this pos- 
ition reduce, each other somewhat; but it also 
shows how small the effect is as compared 
with ordinary magnets (3222). 

3218. The compound magnet D E (3217) was 
now subjected to the close action of another 
mapiet, sometimes under adverse, and at other 
times under favourable conditions; and was 
examined by the loop as to the sum of its pow- 
er (not the Erection) imder these drcumstanc- 
es. For this purpose it was fixed, and another 
magnet A brou^t near, and at times in con-* 
l^t with it, in the positions indicated by the 
Figure 8; the loop in each case being apjdied 
many times to D E, that a correct avera^ of 
its power mi^t be procured. The doihinant 
xhagnet A was mu^ the stronger of the two, 
havhig ^ power izidicated by a swing defies 
^0125® 74. 

^ 3210. When the relative position of the mi«- 
4ete was as at 1, tiien the power of D B was 
^.87;whena8at2, thepowiar ww 1S®.4; when 


as at 3, It WBi^ 18^.75; wim as at 4,1t 

17®.18. AU these positions are such as would 
tend to raise, by induction, the power pf the 
magnet D E, and they do ra&e it above its fir^ 
value, which was 16®.3; but it is seen at onbe 



Fig. 8 

how little the first and second positions elevate 
it; and even the third, which presents the most 
favourable conditions, only increases the 
power 2® .45, which falls again in the fourth 
position. 

3220. Then the dominant magnet A was 
placed in the same positions, but with the ends 
reversed, so as to exert an adverse or depress- 
ing influence; and now the results with D B 
were as follows: 

Position 1 15®.37 

Position 2 15^.68 

Positions 15'’.37 

Pontion 4 16®.06 

All these are a little below the original 
force of D E, or 16®.8, as they ou|^t to 
and show how slightly this hard bar-m^et b 
affected. 

3221. A soft iron bar, now applied in thefird, 

second and ttard positions instead of the mag- 
net A, raised P E to tiie following values 
spectively, 16®.24, 16®.43, and 18®. i 

3222. Vi^en an ordinary bar-magnet waa 
ployed instead of the hard magnet D E, great 
changes took place. Thus a bar B, oorreapeiKl- 
ing to bar A in mse and g^eral oharaetd, W4a 
employed in place of the faaiti tmgjEoL Aienb, 
S had a power of 14®.83, but when assodateil 
adversely with A, as in potitkm 3 (3218); 
power fdl to r.87, bting redaoed neaiiy oiib*' 
haU. Thk lose was dnefly cfam to n CQ(^^ 
temafiy, and not to a pcaimaned de^ 

of the state of magnet B; fm: when A wan 
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lemdvedy B rose again to 18”:06J Whan !B was 
bid tot a few moments favoiu^bly on A and 
fiien removed, it was found that the latter had 
been raised to a permanent external action of 
15 ^. 26 . 

3223. A very hard sted bar 6 inches long, 0.5 
broad and 0.1 in thickness, given to me by Dr. 
Scoresby, was magnetized and then found, by 
the use of the loop, to have a value at my gal* 
vanometer of 6°.^ (3189). It was submitted in 
position 2 to a compound bar*magnet like D E, 
having a power of 11^73, or almost twice its 
own force, but whether in the adverse or the 
favourable position, its power was not sensibly 
altered. When submitt^ in like manner to a 
12-inch bar-magnet having a force of 40^.21, it 
ms raised to 7® .53, or lowered to 5®.87, but 
here the dominant magnet had nearly six times 
tiie power of the one affected. 

3!^* The variability of soft steel magnets, 
Ibbth in respect to thdr absolute degree of exd- 
tation or charge, and also of the disposition of 
the force externally and internally, when their 
degree of excitation may for the time be con- 
sidered as the same, is made very manifest by 
this mode of examination; and the results agree 
well with our former knowledge in this respect. 
It is equally manifest that hard and invariable 
magnets are requisite for a correct and close in- 
vestigation of the disposition and characters of 
^e magnetic force. A common soft bar-magnet 
h^y be considered as an assemblage of hard 
fbd soft parts, disposed in a manner utterly 
imcertain; of '^ich some parts take a much 
bi^er charge than others, and change less un- 
^er the influence of external magnets; whilst, 
because of the presence of other parts within, 
^tipg as the Imper or submagnet, they may 
seem to undergo far greater changes than they 
i^ahy dOi Hence the value o! these hard and 
imperatively unchangeable magnets which 
l^resby describes. 

' ^225. From these and such results, it appears 
to me, that wilh perfect, unchangeable mag- 
W uring the term Kna offarea as a 
liiesitant of the force as before defined 
3072), the fc^wing useful conclusions 
^y drawn. 

' lini of force of different magnets in 
lai^mable poriitio to each other coalesce. 

; 3227* Them is ho increase of the total force 

Vbe lilies by this coalescence; the section be* 
fwoen the twoisomted poles dves the same 


^ gum at power aamat ot tne secuon ot tne lines 
I gf theinvariaUemagnetwhenit is alone (3217). 
' these cireumstanoes there is, I think, no 


doubt that the external mid intiiud for^ of 
the same magnet have the sam^ rda;rion and 
are equivalent to eadi other, as was detennined 
in a former part of these Heseaitebes (3117),^ 
and that therefore the equatorial section, which 
represents the sum of forces or lines of forces 
passing through the magnet, remains also tm* 
chang^ (3232). 

32^ In this case the analogy with two or 
more voltaic batteries associated end to end in 
one circuit is perfect. Probably some effect^ 
correspondent to irUeneity in the case of the 
batteries, will be found to exist amongst the 
magnets. 

3229. The mcrease of power upon a magnetic 
needle, of piece of soft iron plac^ between two 
opposite, Wourable poles, is causedl by con- 
centration upon it of the lines which before 
were diffused, and not by the addition of the 
power represented by the lines of force of one 
pole to that of the lines of force of thd other, 
lliere is no more power represented by all 
the fines of force than before; and a line of 
force is not more powerful because it coalesces 
with a line of force of another magnet. In this 
respect the analogy with the voltaic pile is also 
perfect. 

3230. A line of magnetic force being con- 
sidered as a closed circuit (3117), passesiin its 
course through both the magnets, which cire for 
the time placed so as to act on each other 
favourably, i.e., whose lines coincide and coa- 
lesce. Coalescence is not the addition of one 
line of force to another in power, but their union 
in one common circuit. 

3231. A line of force may pass through many 
magnets before its circuit is complete; and these 
many magnets coincide as a case with that of a 
single magnet. If a thin bar-magnet 12 inches 
long be examined by fifinp (3235), it will be 
found to present the well-l^own b^utiful ey s- 
tem of forces, perfectly simple in its arrange- 
ment. If it be broken in half, without being 
separated, and again examined, the manner in 
wbidi, from the destruction of the continuity, 
the transmissiohbf the force at the equator ic 
interfered with, and many of the lines, whicli 
before were within are made to appear extern 
nally there, is at once evident (Pl.J;y{, Fig.d% 
Of those linep, whidb tiius become extesnalS, 
some return b^ to the pole which is nearest 
to the new {flace, at whic^ the lipes iBBue into 
the air, making &eir circuit throu|^ oply map 
of the halves of the magnet; wbSst otfa^ pro- 
ceed onwaid by paths more or leeeourved 

second hf^ of the niagiet, 
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whilst rntbin the magnet, imd complete tiidbr 


ciroait through the two. Gradually eeparatiug 
Uie two halym, and ccmtinuing to examine t!» 
course of tlie lines of force, it is beautiful to ob« 
serve how mcxre and more of the lines which Is- 
sue from the two new terminatkms, turn badk 
to the original extremities of the bar (PI. XVI, 
Fig. 7) and how the portion which malM a com- 
mon circuit through the two halves diminish- 
es, until the halves are entirely removed from 
each other’s influence, and then become two 
separate and independent magnets. The same 
process may be repeated until there are many 
magnets in place of one. 

3232. All this time the amount of lines of 
force is the same if the fragments of the bar 
preserve their full state of magnetism; i.e. the 
sum of lines of force in the equator of either of 
the new magnets is equal to the sum of lines of 
force in the equator of the original unbroken 
bar. I took a steel bar 12 inches long, 1 inch 
broad and 0.05 of an inch thick, made it very 
hard, and magnetized it to saturation by the 
use of soft iron cores and a helix; its power was 
6^.9. I broke it into two pieces nearly in the 
middle, and found the power of these respec- 
tively 5^.94 and 5^.89; indicating a fall not 
more than was to be expect^ considering the 
saturated state of the original magnet. When 
these halves were placed side by side, with like 
poles together as a compound magnet, they 
had a joint power of 11^.06, which, though it 
shows a mutual quelling influence, is not much 
below the sum of their powers ascertained s^ 
arately. All this is in perfect harmony with the 
voltaic battery, where lines of dynamic electric 
force are concerned. If, as is well known, we 
separate a battery of 20 pair of plates into two 
batteries of 10 pair, or 4 batteries of 5 pair, 
each of the smaller batteries can supply aa 
much dynamic electricity as the ori^nal bat- 
tery, provided no sensible obstruction be 
thrown into the course of the lines, Le. the 
path of the current. 

3233. When mai^ets are placed in anadverse 
position, as neither could add power to the 
qftiker.in the former case, so now each retains 
its own power; and the lines of magnetie force 
represent this condition accurately. Two mag- 
i^ts ptaoed end to end with like poles to^^ther 
are ^ tbm ration; so idso are they j^idaced 
vtiSlii ike poles together tide by shte. In the lat- 
te ote the two atihi^ as one cmupoundinag^* 

lines of force equal to the 
'^som of the two 8eparate|y/(8282|>; tinnui the 


portion which, as hi hhperfeet mapets, le ei- 
ther directed inwards te the softer parts et 
ceases to be excited titogetfaer. 

§ 37. Ddineation cf Lmee qf Jfapnedfe Fe^ 
by Iron FSinge 

3234. It w<^d be a Tohmtary and utmectih 
sary abandonment of most valuable aid, U m 
expeiimenttilist, who chooses to consider mag^ 
netic power as represented by lines of mag^ 
netic force, were to deny himstif the use of htm 
filings. By their employment he may make 
many conditions of power, even in :eoinpli*> 
Gated cases, vitible to the eye at once; may 
trace the varying direction of the lines of fmde 
and determine the relative polarity; may ob^ 
serve in which direction the power is increasihg 
or diminishing; and in complex systems may 
determine the neutral points or places where 
there is neither polarity nor power, even when 
they occur in the midst of powerM magnets. 
By their use probable results may be seen at 
once, and many a valuable aui^estion gained 
for future leading experiments. 

3235. Nothing is simpler than to lay a mag^ 
net upon a table, place a fiat piece of paper ovear 
it, and then sprinkling iron filings on the paper, 
to observe the forms they assume. Neverth^* 
less, to obtain the best and most generally use<* 
ful results, a few particular instructions may 
be desirable. The table on which the magnet b 
laid should be quite horizontal and steady. 
Means should be taken, by the use of 
boards or laths, or otherwise, to l^ock up round 
the magnet, so that the paper which is litid 
over it should be level. The paper should be 
without any codde or bend, and perfectiy flati 
that the filings may be free to amime the p6* 
tition which the nmgnet tends to give them. I 
have foimd weU-nm^ cartridge or thin draw- 
ing-paper good for the purpose. It should not 
be too smobth in ordinary cases, or the filings^ 
when sti^y agitated, too fre^ te 
wards the magnet With tey weak or distant 
smgnets I have found silver^ papti^ 
tknes ustiul. Thei^ngashould bedeait,ie.lr^ 
from much dirt or oadde; the latter fem 
lines but does not ^ve g^ dtilneaticms: lEte ' 
filings tiioifid he cBstributed over the pupir^t#: 
means of a sieve more or less fine, thte quaiih 
tity being partly a matter of taste. It iS ;'to be 
remembmd, however, that the fi&np itiiteb 
in some de^ee the conditions of the tiulllietfe 
power whm they are present, and timtln Ihe 
case of small magnets, as needtea, it large pro- 
portion of them ^ould be avoided. La^ and 
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the object ie to pwerve the fonnt ob^ed. fonaa give no iadiealto by eppeuanoe 
For the distribution of the latter itis better to of the rdative strength of the rnag^^e forw 
use a fine neve with the ordinary filings than at diSeimt places, inasmuch as Aesiipeatente 
to separate the filings first: a brtter distribu- of the lines depends greatly upon the quantity 
tion on the paper is obtained. The filings being of Mngs and the amount of tapping; tut ^ 
sifted evenly on the paper, the latter should be direction and forms of the lines are vrdl given, 
ta|)ped very lightly by a small piece of wood, ainl these indicate, in a oonsiderabie degree, 
as a pen-holder; the taps bmng applied wber- the direotton in wMoh the forces incrasse mui 
ever the particles are not sufficiently arranged, diminish. 

The taps must be perpendicularly downwa^, 8238. PI. XVI, Fig. 1, shows the formi as- 
not obUqudy, so that the particles, whibt th^ sumed about a bar-magnet. On using a littte 
have the liberty of motion, for an instant are electro-nragnet and varying the strmigth of the 
not driven out of thdr places, and the paper current passed through it, I could not find that 
diould be held down firmly at one comer, so as a variation ^ the strength of the mamet pro> 
not to shift ri^t or left; the lines are instantly duced any alteration in the forms of^ &es 
formed, especially with fine filings. of force external to it. Pig. S shows me lines 

3236. The designs thus obtained may be fixed over a pole, and Fig. S those between contrary 

in the following matmer, and then form very poles. The latter accord with the muinetie 
.valuable records of the disposition of the forces curves, as deteniuned and descrffied ^ Dr. 
in any given case. By turning up two comers Roget and others, with the assumption of tii6 
of the paper on which the filings rest, they may poles as centres of force. The difference between 
be used as handles to raise the paper upwards them and those bdonging to a continuous mag- 
from the magnet, to be deposit^ on a flat net, shown in Fig. 1, is evident. Figs. 4f S show 
board or other idane surface. A solution of one the lines product by short magnets. In the 
part of gum in three m four of water bay- latter case the magnet was a sM disc about 
ing bflsa prepared, a coat of this is to be ap- one inch in diameter and 0.05 in thickness. Fig^ 
p^ equably by a broad camel-hair pendl, to 6 shows the result when a baivmagnet is broken 
a ineee of cartridge paper, so as to make it in half, but not separated. Pig. 7 shows thb de- 
falrly wet, but not to float it, and after waft- vriopment of the lines externally at the two 
ing it through the air once or twice to break new ends as the hidves are more and more sep- 
the bubbles, it is to be laid carefully over tiie arated (3231). Figt. 8, 9 and 10 present the re- 
filings, then covered with ten or twrive folds cff suits, with the two halves or new magnets in 
equable soft paper, a board placed over the different positions. Figs. 11, IB, IS and H 
pap«r, and a hidf-bundted wright on the board show the results witii disc magnets. Fig. IS 
for thirty or forty seconds. Or else, and for large shows the condition of a system of magnetic 
dntigns it is a better proobss, whilst the papen forces when it is inclosed by a larger one, and 
are held so that titey shall not shift on each is contrary to it. Fig. 16 shows the coideBcence 
other, the hand should be a;q>Iied so as to rab of the lines of force (3226) when the magnets 
vttb moderate preesure over all the surface areBoplacedthatthepolaritiesareinaceord- 
equaUy and ib one direction. If, after that, the aace. 

pi^l^ taken ttiH all the filings will be found 8238. PI.XVT, Fig. 17 exhilnte the Unee of 
to adhem to it with veoy little injury to the force round a vertieid wire carrying a cttnent 
fepne of tiie lines delineated; and when dry of electricity. Whether the wire was thick or 
they are firmly fixed. If a little solution of the thin spp«u^ to nudeeno (Merenoe as to the 
red ^onraprusriate of poteeea end a email pro- intensity of the lotget, the ouneiit ranaiaing 
porlma pf tartaric edd be added to the gum- theeame. Fig. ifirepreeeBtBtheUaeeroUBdtwo 
water, ayrilowtiat is idvea to the paper, which like currents when within mutual influwiee. 
ie not unpleeesnt; but bethleB that, pruauan Fig. 19 showe tiie result when a third mttreni 
fahteie finned under evetypartide of iron; and ie introduced te the ecirirargrdivectioa^n^. Iff 
t|Mm vriifea the fihags are purposely or otherr praeents the transition to a helix of tiuoli on* 
qyi ediep laeed, the design still remains record- vdutians. If indieates the direction ef the 

ui) Whin tho dotniUtt ian to be presarved in lineewitlnnattd <mtiidetiie nd ofa i^dins&h- 

a I the nay be diapeneed with cal helix, on a plane tiunugh ite telD Iff 
iiite red tefinpiusaiete entetiem on^ pMieiitk tin oBect when a very tnnll soft ieott 

WHl, , oemiewitibintheiMhxi, '• tt-f 



'mmir ^ 

. 7P*»n1rft l 'ffluiil wi9^ii id tlie piin^iips jtFjbic^ I 

^v9.iM(^ted in lida^a to atmo^pnerie su^ Ured in the type gk^ !<d. coding ap:,:f^966^ 
xietitfn cMitiie general cause of Ihe daily vaii* 2874). Both nickd and oxygen are pararoay- , 

S ,&e. i(2864, 2^17). Ahe^phereofpure netic bodies, and change in the some djred^ 
ineaented to me by Dr. Percy was sup- by heating and cooling; and as ti>4 peritid ^ . 
ported Withits flat face uppermost, and^^.la^ . <hange with ojgrgen crxtends.tipo^gh d^pw 
ting arranged round it to carry paj^r, whidi, above below common tamperatpre (^l), 
resting both on the ring and &e nickd, could so ihfllctioiu of tire lines « force pasting 
then ha.ye-iron filings sprinkled and arnmged through the atmosphere, ' dstiespondeiti to 
in foj^ on it. The end of a bar-magnet in &e those of the heating and cooling nickti, mfst 
same horiaontal plane was adjusted about 2 take place to some extent. It is seen in the 
mchm from the nickel, and thus the f<M^ of nickel results that lines of force entuiely out- 
the lines of force associated with this pole'coukl side of i^tio not for timt reason continiie aniin- 
be determined over the place of .t|e hiticel deviating cource, but are curved toatid fixtin 
hemisphere^ under different drcumstiuices, or conCequence of the dispotition of other |i^ 
even vtiien it was removed. When tiie nickel within tiie nickel; a result which, wit|but r^ 
was away, the forms of the lines of force were erence to either one view or aaotiitt of m 
as in Ftp. SS; when the nickel was there, they physical action of the magnetic force,‘ must 
were as in Ftp. £ 4 . The application of a spirit- be as tHie m. the oxygen case as in the nidiel 

lamp to. the nickel when in its {dace, raised its case, because of the definite character oi the 

temperaturetosuchadegree(above€00°Fahr.) magnetic force, whether represented by ou- 
that it lost its ordinSry mastic condition; tres of actioii or by Imes of power, 
and theh the forms of the lines of force, as 3242. Whether tire amount of the deflection 
shown by fiUngs, were the same as if the luckti in the ^ase of the atmosphere correspn^.'^tix 
was away. Removing the lamp, I was aUe to the facts registered by observers. Is a jquestiop 
obtain the dispotition of filings on successive which cannot be answered, I suppose, until 
pieces of paper, and as many as four results, we knOW the effect of very bw. tempmatures 
like Fiff. SS, could be procured before the upon the magnetic force of the atmoqihare. 
temperature had sunk k> much as to cause In the nickel experiment the deflection is 
the production of linesofforceoorresponefing to in places 30* or 40*; in nature the effect to 

Ftp. S4‘ be accounted for is not more than 13 or 14 

3241. These are exactly the same results with minutes, 
nickti as those I have assumed for the oxygen 

of &e atmosphere. The change in the forms of Royal liutituHon, December 20, 1851 

Pfipers on EleUrieity from the Quartetly Journal 
tA Science, Huioaophical Magazine, 4e. 

On Some New Eledro-Magneiiced M(^ione oppotitOiOidnionsthatatetittertaiaedonit. .I 

asti on the Theory of Magnetiem^ am induccti in consequence to pub^ tl& a^ 

In mairing »a experiment the begbufing of count of them, m the hope they ^ astitft m 
last iredc, to ascertain the petition of the mag- making this important hraotit or knovile^ge 
netie needle to the connecting wire of a vtitaic xcore neatiy perfect. 

apparatus, I was led mto a series itidch appear The i^paratus used was that invented by 
to me to give some new views of tiectro-mi^ Dr. Bare'of, Philadtiphia, and called by faima 

and of magnetism altogothto; and cai<»hmQt|il; it.is b fact * 'datfo pair of. 
to render more distinct and dear th^ afaWy plated mieh havbg ito powtii htightened;!^ 
Aftea the great men who have alieaeb^ the indubtion of otirers, CQAaequently. jdb.lBii 
eattMlitimeitted on tiie subject, I shonld have ftit potitionsand motions of. the needles, p(des,dati 
ddabtfiil that anytiting 1 ooqlid do oduld be are eppotite to those producedbyanappiaalnp 
IMU? or potMas an interest, but that the Axpeti- of severti jifades; for, if aeQxiait .fae8rwaaed 
menteatiSmtejnetorecontiboontideraiblythe to exM hi the oonnectfog wire of a battoy 
^ , . from tiie tine to tbe copper, it will be m eadh 


meat sge the same tiwnitM as tirasellum fig- 








eoiumted {Mur ooq^^to^e 

nbo; md tite wins I have used id timt <^iiiieo- 
Ibtt betwe^ the two plates of oae pair. Iik the 
dbgmosZinayfasm oooadon to subjoki^ 
ends of a oonnectiimwire, marked Z and O, are 
eonnected wititi the zinc and coi^r-platee re^ 
i^tivdy; the i^ions are aU horizontat and 
seen from above, and the arrow-^heads have 
been used sometimes to mark the pde d a 
needle or magnet whidb points to the northi 
and sometimes to mark the directi<m of mo^ 
tion; no difficulty can occur in ascertaining to 
which of those uses any particular head is 
applied. 

On placing the wire perpendicularly, and 
bringing a needle towards it to ascertain the 
attractive and repulsive positions with regard 
to the wire; instead of finding these to be four, 
one attractive and one repulsive for each 
pole, I found them to be eight, two attractive 
and two repulsive for each pole; thus allowing 
the needle to take its natural position across 
the wire, which is exactly opposite to that 
pointed out by Oersted for tbe reason before 
mentioned, and then drawing the support away 
from the wire slowly, so as to bring the north 
pole, for instance, nearer to it, there is attrac- 
tion, as is to be expected; but on continuing to 
make the end of the needle come nearer to the 
wire, repulsion takes place, though the wire still 
be on ^e same side of the needle. If the wire 
be on the other side of the same pole of the 
needle, it will repel it when opposite to most 
parts between the centre of motion and the 
end; but there is a small portion at the end 
where it attracts it. PI. XVII, Fig. i, shows the 
positions of attraction for tiie north and soutii 
poles, Fig, 2 the positions of repulsion* 

If the wire be made to approach perpendie- 
ulaiiy towards one pole of the neeffie, the pole 
will pass off on one side, in that direction wMeb 
attraction and repulsion at tile extreme 
pohit of the pole would give ; but, if the wire te 
ccmtinualiy made to approach the centre of 
motion^ by dtber the one or other aide of'^e 
nee^^ tiie tmdeney to move in the hrmstSr 
lec^n danmishes; it then becomes null, and 
the neecHe b quite indifferent to the wire, and 
ultixnattiy the motion is reversed^ and the 
powerfully endeavours 

W i^ b evident from thb tbeeentteof the 
laMiW portion of rfther limb rf the neertie, m 
tib bue pob^ a* it may be caUed; b not at 

bf the needlO, but may be lepraaenb 
M%9^i|ik^genmelly inti^ 


atmmeSttb dbtaib^^i^ 
dei^ atao, tiiat this {bint had n tendenop Id 
revolve round the wii^end necessarfly^tiKabF 
fore, the wire round the poipt ; and as tbeeame 
effects in the opposite direction took place Witii 
the other pote, it was evident that each 
bad ihe power of acting on the wire by iteeli^ 
and ncdi as any part of tbe needBe, or as pm* 
nected with'tte opposite pobi 

By attending to PL XVII, Fig. whirfi rep* 
resents sections of the wire in its different porf^ 
tiona to the needle, all tiib will be plaiD; tte 
active poles are represented by two dote, and 
the arrow-heads show the tendency ol the wbe 
in its positions to go round these poles. , 

Several important conclusions flow from 
these facts; such as that there isno attraction 
between tbe wire and either pole of a magnet^ 
that the wire ought to revolve round a mag>* 
netie pole and a magnetic pole round the wire; 
that both attraction and repubion of connect- 
ing wires, and probably magnets, are com* 
pound actions; that time magnetic poles aib 
centres of action induced by the whole bar, dbO., 
&c. Sudi of these as 1 have been^aUe to con* 
firm by experiment, shall be staM, with tbehr 
proob. 

Ihe revolution of the wire and the pole round 
each other being the first important thing re- 
quired to prove the nature of the force mutoalf 
ly exerted by them, various means were triad 
to succeed in producing it. The difficulty Cbh- 
fSsted in making a suspmsion of part of the 
wire suffidentiy ddicate for the motkm, mi 
yet affording sufficient mass of matter for con- 
tact; Tbb was overcome in the following man^ 
ner: A piece of braes wire had a small buttdi 
of silver soldered <mto its end, a little cup was 
hollowed in the silver, and the metal bdi^ 
amalgamated, it would tiien retam a drby 
mereuixin though placed upside down for 
ahuppCr centre of motioiirlm* atowm* eentre^a 
flomilsF cup waSi nmd6:olf copper, into wfaiehra 
iittk mercury was put;*tfab Was ptaoed in a ^ 
of water under the former centre. A ifleciSvcK 
co|^ wire was then boat into the fc^ of % 
ma^itamdsmhalgamated, andtheffidteinM 
beingirixmged^ .tii4^. wem 
To prevent too mUdrMotion born tim w^ 
ofthe wireOn thelomr cup^ b had;^beisd peeked, 
tinougb m oorfc ditiy aditatedhi dm, 
being puskbdidkm:i on theW^ 

tine water, the friction bemmeveiytitttv^^ 

iMinmvwrymirisi^ 

platen beSag tiub oohneot^; with the two 
cups, the apparatus was oompletedi Ss Ihb 




^le bdng Isis^ 

titoaf oMok, the^riieluixw^^ 

andt-ntiaiMtt to wKdao uatBitatnidk tho 
be^ romid 

.Hi'ika'vlSkst iddi^ the ^vke again maide a tevb- 
kitien^ gN^ evidence that it wouhi hftvt^ genie 
]«aM| edntittttally but Iw tiie exiensiDn erf thd^ 
lagMt tm the outdde. To do away vitii this 
io^iediment, the «ke end towernekd eup mre 
MBSKwed, and a deep lmsih of meieniy plaeed 
bemaath; at tiie bottwi of this was a {uece of 
tawx, and a eniail roiuid bar magnet ‘was stndc 
-^liri^ia it, so that one pole wasabout hedf «r 
dbra»4otDrths of an imdi abdve the sarfaoe 6t 
the inocuiy, nd directly irader the e^ver ciip. 
A straight piece of copper wire, long «tou^ to 
readt from die cup, and dip about half an indi 
idto the mercory, had its ends amalgamated, 
and a small round gneceof code fixed on to erne 
.^.^em to make it more buoyaht; this being 
^iqied in the nrercury dose b^de 'Ae magnet, 
aaad die other end plaeed tmder die fittie cup, 
dm wire remamed upright, for die adhedon of 
the ooik to the mi^et was sufiBdent for that 
purpose, and yet'at its lotrinr end had freedom 
of’iaodon roi^ tire pole. The connection be* 
ingnow made from the plates to the upper cup, 
to the mmeury bdoW, die 'wire immediate- 
ly bqgtm to revolve round die pde of die mag- 
det, ^ cooitittued to do so as hmg as the con- 
jMsedon was cmitinued. 

" -Whenit was vrished to gpve a large diameter 
to the drde desc rib ed the 'wire, die cOik 
tns removed from die magnet, a^ a little 
faxpolplatinampasaed lou]^ themagnetand 
wire, to present them from eepa»ti^tOo far. 
Revdntion again took tdace on making the 
asttaeedon, bottaoreaknriy aa thedistanoe in* 
jBMaSed;' ' ' 

!.< ^Qtoditeetlon in whioli the wire moved was 
asbisriing tod» way to 
lrato aiada,^'aiMl to tire maghtoie pole brot^^t 
toto^udoto^ISlMm die uito«* ol tiwiiriie 
toss senaSeCed with ths sine, :and‘ die lower 
tohto'dgB'doppw'ftoto, die motknrroiiad.'dM 
toas daaad 'Stoith poles of a magnet were 'SSito 
.'llt’XVIl, il!iijtoi'4'toBd'd» looking from above; 
totom dto to^Msdow wm levened, the mo)- 
lfintowtomto'tM«^pddHe<£teodon. " 

;jOa hri» g h» g flie- 'iBagiDedo pole fiem the 
tontoe of nntton;te dtseide the wire, ‘there 
tone neithBr Mtocdea noTTepalriott; toit die 
totoaendeamand to paae off to>a ctode^ still 
hntog the pdfr for ite otoSbe, and that either 
ttodtoJone ddenr the other, dtoeanitog to tbS 


' 'lltliai- d» pito wae » tbe onts^ ef-itho 
wirei tke toim moved , to a ^eoden direet^ 

ootatra^>to that tatominhea‘1^. pde wtojto ; 

dm insidd; butit didaot move ftov thende^ 
our was e^ to :{to roitod Ihe pote as a tontaito 

and itotoyimived tto diet Pol and the pe«M 

mr ndadi cetuhtd toin a elide about its owp: 
axk ‘were equtooieed. 

The next object waeto make.ihe mtoguet m*' 
vd've round thewire. This was demebyeolbadi* 
tog one pdia of the tonall magnet withplatfatam 
th^ thamag^wonld float upright to a badit 
ot mercury, with the other pole above Ha eni*i> 
toce; then conneedng the mercury ‘wito one 
plate an^ hringtoK a ‘wire from dmodim per- 
pSndicidarly into it to another part peiff the 
floating magod; the upper pole immecBatdy 
began to revolve round the wire, mdlst'dw 
lower pde bdng rmnoved avmy ' maeo no in- 
terference or conntoaedng effebt. \ 

The modons were again according ^ the 
pole and theconnecdons. Whmi die uppW part 
of die wire ‘was to contact witii the sine platen 
and the lower with the copper, the direetkm of 
the curve described by the north and south 
poles was as to Pi. XVII, F^i. d and 7. When 
theconneetions werereveraed, the mcdoiis ‘wem 
to the opposite directkms. 

Having succeeded thus far, I endeavoujred to 
make a wire and a magmrt revdve (m thdr own 
axis by preventing die rotation to a eude 
roand them, but ha've not been ade to get dm 
stoutest uufleatioBs that such can be the case; 
nor does it, on condderation, ajqiear probalde^ 
The motums evidendy belong to the cuntati 
or whatevm* dse it be, that is passing duroug^ 
the. wire, and not to the wire itself,, esc^ as 
the vdiiele id the ciment. When tiiat cutmol 
is made a curve by the form of dto wit^ it Is 
eaqr to oonedve how, to revoivii^ it i^oiild 
take the: ‘wire with H; but whm die wirfl is 
edwg^t, the current may revdve widmut argy 
amtion bdng communicated to eritf 
throi^wydi it 'passes. . . 

M. Amptoe has diown that two dmilarecm* 
aeedng wire^ Iqr vriiidi is meant, having .mir- 
renta in the same direction through tliim, 
attcaet each other, end that two wires faavtetg 
etorinte ^ oppedHe dtoeedane iluoiiihlMlt 
Mpd> emh -dm atdecdQ&iand’rtgml^ ' 

tektog gdaoe to right Unee betwedi thennihl^ 
the atti*etioB of<tlmnbidi poto ldsiiMide 
endDeetde'die tiueiaadtdtbeeOtttliiMijihlli 
otto, and dm rqxdekm of the pateeiem ihl 
qnMsito ekM, Sr.' WoHuton eSMd 




p h wp a a w ajWit !b> OKEfaintd «faa,^lKp- 
podtuDof uidee(io*nagnetifl<ttaaBt>pMNbig 
lomd ^ the eonjunetiteiHfay ite'.di- 
WGljj(n .depeadii« thet of the elMtrie 
ouamit, end ezhibtti^' north end aputh pow- 
ers on the opposite tides. It k, indt^, sa ss- 
OKtained that ^e pomtedBag sdMt has 
tOfferent poir^at He (qit>o!dtekdes;<or kither, 
4^ ppww eantimues all round the wir^ the 
#oe%n kmig the same,: and henee it k Btdr 
dent that, tiie atiaacfiona md repihdcnts of 
M. Ampere’s wkes are not sinqde, ^t oont- 
phested results. 

A simfdeoase whidi may be ttdcSn of mag- 
nstiiamotmu k the drde described by the wire 
wr the pde round each other. If a wire be made 
into a helix, as M. AmpPre describes, the fw- 
lai^emmtt k such that all the vertigiB^ laag- 
nethoa, as Dr. Wollaston has named it, of the 
(me kind, or (me side of , the wire, k ocmomir 
tested in the axk of the h^x, whilst tiie eon- 
teary land k very much diSus^, le., the pawn 
exerted by a great length wire to niake a 
pole pass one way roui^ it, aU ten(k to cany 
that pole to a partietdar spot, :^u]st the oi^ 
^ power k diffused and much weakmed in 
tts.a^on on any one pole. Hence the power (m 
one dde of the wire k very mudi c(moentrat- 
ed, and its parijculareffeet8hrou^t(mtstrong- 
ly, whilst on the other k rendmed msen* 
idble. Ameanskthusohtamedof separating, as 
it were, tim one power from the other; but 
when t^ k done, and we examine the of 
the helix, it k found very much to reaemUe a 
ms^ietie pole; the poww k ooncenteated at 
the extremity of the hdix; it attracts or repels 
one pole m all direolicau; and 1 find that it 
cM»es the revolution of the oonnacthig . wire 
nstmd it,, just as a magnetk p(de does. Haoce 
,it<may, for the present, be ooncadteed idenidcai 
amagsetie p(de; and I tfaink^tlukthee^ 
perimental evidence of the ensuing pages , ^ 
]fplli(hstetngtimthat(>^ > ' 

.j'i Assuming, then, that the p(da of amsgnetie 
pfMlIe: pesesds us wiQt the |»opeetieB^.«me 
l^ ef' the wise, the phen(Bneka Jti prsnids 
wkh the wire itedf offer us a means^ani^- 
pi(i^ Whi)^, probably, if w(dl pursued, will ipve 
hg-g Wtt(h m(He intimate knovdedgs of. tee 
|l^te>erf.tte powers active in ncagneta. When it 
k pliMad' fissr the wire, ahrays aasumiBg tee 
iMttar tti In oonnwted with tee baCteiy, it k 
npriB.te nvuive rDUiid,it, pasaittg iowat^ t^ 

. #de Jiijy which it.ii attracted, and foom test 
itekh it k tcpdled, i.e., 41 ^ 
pspa'aMmcted and mpeSad by eqtualpomn^ 


acid fihenlBM li si tl w Pw aedsa na tpfti iluk m ; 
but .tea powen heing-fijam <tppoH» aUsa ef 
tea wins, the poleia Itadcmfale effort to noeda 
from (me aide and appaoaite tee other nwrdl se e 
in the (drde, that dr^'being evidently derid- 
ed by the particular pole and state <ff the wire^ 
end dfiteirible teom.tbe isWshriiteemBBtkmed. 

UMiphw M M nen a pieaentedhy'lhe 
matioo Of mm prie to two or moie'Wires,.'ar two 
poles to (me m: more wirel^.offer many Shutat- 
tions Of thk dottlde ariioa, and wffi lead to 
more ooireet . vkws of the magnet These ec- 
peiiments.aie easily made by loaifiBg a nee^ 
wite platinum at one pole, that tee 0tiiinrnk|r 
float above mercury, at by aimost^floatingw 
snudl magnetic ne^ by ocnh in' s.heriD.«if 
water, at tee bottom (ff tteich k aomemenndir 
with which to (Mmnect the wires. Ih desniton^ 
teem I shall refrain from enteringtotoaff teak 
variations, or putsmng teem to surii oont^ 
mms as are not directly important. 

Two.rimilar wires, Amptre fam ahown, at* 
tract earii other; and Sir H; Davy has teowa 
that the flUngs adhering to teem attract kuih 
one to anotiier on the same ride. Thqr saw<ia 
ti»t porition in whi(h the north ai^ stmte 
influenoe of tee (fifferent wine attract eate 
other. Ihey seem also to neutr^ss each ether 
in tee parts tiutt face, for the magnetic pole k 
(|uite inactive between teem, but ff put (dose 
togetem, it moves roimd the outsids <d bQ|h| 
rireidating nowd them as sound one wke, . 

terir influences being in the smae dkeritoi^ 
tim greatest effect k found to be at-tfae hurito 
out^e.nirfaees of ttm wires. If several 
ilar Wkee be puttogetbu, aids bysidB fflee a. 
nflrixm, the reeult k the same, anri the nee^ 
revolves round them all; tee intmoat wkas 
app^ to foee part of their force, whirii k 
eantodon towa^ the extaonewire in 
aito ctoeetiona. so teat the flaatiag pole k ««> 
odemtedlu itomotemasit pmses ^ teeedgto^ 
ti]atte^foimu'if,.toplae^^a lib^cdpii^ 
atiri wies^a riiprd awtsl hhased, tiw efkriHk.. 
tee aame^aiidihfreiilktoiwtasff tiicy c(kM^ 
in a D(momte8to<i .itaito tee powes thdt^ ki' . 
kmged totee h^iMfou tested’ fpljWk: 
tirsy ;vto 'pito(na« 4hB. mmm ^ 'leotot^ 
were, in tiiait.dire8thm, the two aidee ef'ffto 
oto«''fotimriairit'pteBC. „ 

pamiM toeadh (rtimr, arid the pole be totokV 

Beat' teetof it will rinsuhto rouad aitetojikf 
temnm cMfieneeto tee lak kid dDakt^ hiriito . 
tiiB.wuBB hino opppsite oamBtoj it laetodkk 
flpporitodkesthmsiioHadtlmtwtotetekbP^ 



mao mmmm m 


1^ ito pet|)eim^ (he line wUdi 

IOS 00 tiiem^ either receding ior a^imehing; 
and if it aiij^oaches^ pasriiig between and tim 
reo6(&ig;; hence it axMUts the curious appear* 
anee nf first being attracted b^ the two wires, 
ted afterwards repelled (PL XVII, Fig, 8). If 
tibeeonnectiion wite both wires be inverted, or 
if .tee pole be changed, the line it describes is in 
Ihe opposite directioiiu If these two opposite 
eurrents be made hy bending a piece of silked 
wire parallel to itself, Fig. 9, it, when coar 
neeted with Ihe apparatus, becomes a curious 
naagnet; with the north pole, for instance, it 
attracts powerfully on one side at the line be- 
twete the two curr^ts, but repels strongly to 
the T^t or left; whilst on the other side the 
Ime rq^ the north pole, but attracts it strong- 
igr to the right or lett. With the south pole the 
j^t^ciions and repulsions are reversed* 

When both poles of the needle were allowed 
to come into action on the wire or wires, the 
effects were in accmdance with those described. 
.When a magnetic needle was floated on water, 
and the perp^dicular wire brought towards it, 
the needle turned round more or less, until it 
took a direction perpendicular to, and across 
the wire^ the poles being in such positions that 
either of them alone would revolve round the 
wire in a drole proceeding by the side to white 
it had gone, according to the law before stated. 
.Tte needle then approaches to the wire, its 
jsentre (not either pole) going in a direct line 
towards it. If the wire be then lifted up and 
put down the other side of the needle, the 
needle passes on in the same line receding from 
the wire, so that the wire seems here to be bote 
aitiractive and repulsilre of the needle. This ef- 
fect will be readily understood from PL XVII, 
Fig^ lOy where tee poles and direction of tee 
wireare not marked, because they are the same 
as If either be reviteed, the others re^ 
vme. themselves. The experiment is analogous 
tb the one described above; teere the pole 
j^jaased between two dissixmlar wires, here the 
wire between two dissimilar poles. 

tte dissimilar wires be u^, and tee mag* 
h^tevebote poles active, it is repelled, turned 
or^isvattracted in various Ways, until H 
settles across between tee two wires; all its 
metkma beixig'e^^ to thoee im- 

both Wires 

te4* bbte pdes beteg4ustivem giving that pen 

be xmdway 
m net of eq^ 

towezda 


and acts with it just as thering^ wire cd tee 
hteperagraph. ^ 

H. XVil, Fig$. IJ and Iff exbiUt more dis- 
tinctly tee direction of tee forces which influ- 
ence tee poles in padWixig between two disrim- 
ilar wires: Fig, 11 f when the pole draws up be- 
tween the wWes; Fig. Iff, the pole thrown out 
from between them. The poles and state of the 
wire are not marked, because the diagrms il- 
lustrate the attraction and repulsion of bote 
poles; for any particular pole, the connection of 
tee wires must be aecoitengiy. 

If one of the poles be brought purposdy near 
either wire in the position in which it appears 
to attract most strongly, still if freedom of mo- 
tion be gi'^en by a little tapping, the needle wfll 
slip along till it stands midway across the wire. 

A beautiful little apparatus has him made 
by M. de la Rive to whom I am indited for 
one of them, consisting of a small voltmo com- 
bination floating by a cork; the ends of the 
little zinc and copper slips come throi^h the 
cork, and are connected above by a piece of 
silked wire which has been wrapped four or 
five times round a cylinder, and the wires tied 
together with a silk thread so as to form a close 
helix about one inch in diameter. When placed 
on acidulated water it is very obedient to the 
magnet and serves admirably to transf(^m^ as 
it were, the experiments with straight wires 
that have been mentioned, to the similar ones 
made with helices. Thus, if a magnet be brought 
near it and level with its axis, the apparatus 
will recede or turn round until that side of the 
curve next to the nearest pole is the side at- 
tracted by it. It will then approach the pole, 
pass it, recede from it until it gains the middle 
of the magnet, where it will rest like an equa- 
tor round it, its motions and position being still 
the same as those before pointed out (PL XV II, 
Fig. Iff). If brou^t near either pole it will stili 
return to the centre; and if purposely placed in 
the opposite direction at the centre of tee mag- 
net, it will pass off by either pole to which it 
happens to be Rarest, being apparently ’fiirst 
attracted by the pole and afterwards r^elledi 
as is actually tee case; will, if any dreuinstaxm 
disturbs its perpetuflcularity to the magnet^ 
turn half way round; and wfll then pass onto 
tee magnet again, into the position firot de- 
scribed. If, instead of passing tee magpet 
through the curve, it be held over it, it stahdii 
hi a perpimdtcular to tee maipieti but in 

an^ opposite direetlon to tee iormdr one. 
tba^ a magoe^ bote axid witeout tM* 
cixmi, eSuses it to dif^ « - ^ 



M EjJEOimcm: 

Wheiithe poletiirfifie 

<nrer tiiis floating mtve^ there are aomeiiiove* 


mentsand potitions wohatSiBtaiq>ear anofio^ 
aioiui, but are by a little attention easily re* 
dudUe to the droular ZDoyement of the wire 
a;bout the pole. I do not think it necessary to 
state them particularly. 

The attractive and re^mlti ve positions U this 
curve may be seen by Fig. IS, &e curve in the 
two dott^ positions is attracted by tiie poles 
near th^. If the positiozm be reversed, re- 
pulsion takes place. 

From the central situation of the magnet in 
these experiments, it may be concluded that a 
strong and powerful curve or helix would sus- 
pend a powerful needle in its centre. By mak- 
ing a needle almost float on water and putting 
the helix over a glass tube, this result has in 
part been obtained. 

In all these magnetic movements between 
wires and poles, those which resemble attrac- 
tion and repulsion, that is to say those which 
took place in right lines, required at least either 
two poles and a wire, or two wires and a pole; 
for such as appear to exist between the wire and 
either pole of the battery are deceptive and may 
be reserved into tilie circular motion. Ithasbeen 
allowed, I believe, by all who haveexperimented 
on these phenomena, that the similar powers re- 
pel and the dissimilar powers attract each other; 
and that, whether they exist in the poles of the 
magnets or in the opposite sides of conducting 
wires. This being ad^tted, thedmplest cases of 
magnetic action will be those exerted by the 
poles of helices, for, as they offer the magnetic 
states of the opposite sides of the wire inde- 
pendent, or nearly so, one of the other, we are 
enabled by them to bring into action two of 
those powers only, to the exclusion of the retis; 
and, from experiment it appears that when tim 
powers are timiiar, repulsion takes place, a^d 
whendissunilar, attraction; so that twoeas^ of 
repulsion and oneof attraction are produced by 
tixe combmation these magnetic powers.^ 

The next cases of magnetic motion, in the 
order of timplidty, are those where three pow- 
ers are concerned, or those produced by a pde 
and a wire. These are the circular motiems de^ 
scribed in the early part of this paper* Thqy re^ 
edve thCQiselveB in^ two;a north polo and the 
w^ tound eaich and a soutii pole and 
^6 wire round each other. The law which goy- 
eras these motions has been stated* 



Then IMlbw the aetwMfliete^ 
theee when aiiniteily ohxdrified atteairt at IdL 
AxnpteehasfdM^lte^fcw^Cnt^ : 

are towards oaohotiier, and the four pew^ritt 
combine to draw the currents togetW, iomob 
mg a double attraction; but when thevtiresite 
dissimilar they repel, because^ then coi both 
skies of the wire the same powers^aire opposed^ 
and cause a double repulsiom^^ 

The motions that result from tiie^ adtiem ^ 
two dissimilar poles and a wire next fc^w; tt» 
wire endeavours to describe opposite cirolea 
round the poles; ccmsequently it is carried ina 
Une passing through the oenteal part of i tee 
needle in whoeh they are situated, if tee wire 
is on the side on which the circles close togetii* 
er, it is attracted; if on teie opposite ride, from 
whence the circles open, it br^^ed (P1.XVQ, 
Fig. 10). 

The motions of a pole with two wires are al- 
most the same as the last; when the wkes are 
dissimilar, the pole endeavours to f<nin two 
opposite circles about tee wires; when is 
on that ride of the wires on which the circles 
meet, it is attracted; when on the ride cm 
which they open, it is repelled (PL XVII, 
Figi. d, 11, Ifl). 

Finally, the motion between two pcies and 
two dissimilar wires, is an instanoewherosemal 
powers combine to produce an effect; 

M. Amprire, whilst reasoning on tite dis-^ 
ooveryof M. Oersted, was led to the adoption 
of a theory, by which he endeavourod to rih 
count for tee properties of magnets, by the ex* 
istence of concentric currents of electririity in 
them, arranged round the axis of the magnet. 
In support of this theory, he first formed tibe 
spiral or helix wire, in wUch currents could be 
Txaude to pass nearly perpendbular to, and 
roimd the axis of a cylinder. The ends <A Sute 
hriices were found when connected with the 
voltaie apparatus to be in opposite znaguriic 
states, azid to present tee appearance of pete 
Whflst pursuing tee mutual action of poles arid 
wires, ai^ trsoing out the circular moveaneite 
it seemed to me that much inlormatte te 
specting the competency of this theory migM 
te gami^ from an attempt to tmee tiieiMttion 
of tee fadix, and comparo it with that of teb 
znagn^ more rigorously than had yet VlMMt 
done; and to.iorm artificial rieotro^meigrite 
and inaiyae natural ones. In doingteil;Alteiw 
1 have so succeeded as to trace 

an riectmteiagnetic pole, ritewr in ekktetbf 
or inpaiiii^, to the riroidatiiig 
desoribsd;^ 



"m 


irl«.&e4iter. 

«linl'« ■ttmgrtBtiff pidtt Iw dioi^- to dnndate 
•w^ tbo-adiddte of il^ dasra^^ 
l^ lenjtluo om iiu^ imidisineta;; it will lie 
Sitividwilji'eqoalfiKoein all parte of the drale 
14 ); iwnd tiieailiewiieiiito a 
draie, kavitig tiiat part round widioh the pda 
nafdvae perpendkstdadip undistnrbed, as seen 
% &e dott^ lues, and nuke it a ocmditicm 
that, tire pde be restrained from moving out 
fil the drde by a radkia. It will immediately 
he evideht ^diat die wire now acts very diffeiv 
ently <m die pde in die different parts d die 
drtdeit deaetibes. Evmy part of it will be b<h 
trre at the same tame <m the pole, to make it 
aaove through the centre of the wire rmgi 
whibt as it paaaea away from diat podtion the 
poden diverge fimn it^ and it is dther reoKived 
{run didr action or submitted to oppodng 
~hiMS,itmlal mi its arriving at the opposite part 
<d.tto«iroleit » urged by a voy small portion 
indeed those wMeh moved it before. As it 
OMidraieB to go round, its modem is aoederst* 
e^dwfi»ee8apk%gadiertogedier<mit, until 
itiSgim teaches the eende of the wire ring 
fdHds diey areat their high^et, and afterwards 
^minish as before. Thus the pole is perpetiml* 
lytugsd ki a cird^ birii mdi powera coDstandy 

If die wire ling be cemodved to be ooeuined 
by^a jfibne, then die centre of that plane is the 
spot where the powers are most active on the 
pole,- arid move it with most force, ^ow tine 
ipot k actuelly the pde of this mag^tio ap^ 
{wratas. It seems to have powers over the dr- 
rtdftdng pde, making it sj^oadi or attracting 
ftoQ tte'Cniejeide, a^ nwdang it recede or re* 
pcttmgit on pother, with powers varying as 
dNditiaoee; bet its powmsase only aiQiarent^ 
flBliie ffamisin tim ring, and due qiot is more- 
i|r*ibdipieeesdtere they ue omat aecumubded; 
•UdilikMIgh'^ semvto have i^ponte powers, 
Mie# those of atdacting and repell^; 
tM k'mdri^ammBequniMiditssntiiatioaiB 

iliie<di«ie,^tiieiDOtiim being tua^^ itsdi* 

ntdidi^ and imdly a»i uBpres^ 
'pd|i^^'atwti8n ti»„wii!e. ■ 

, ^<4i;ilpgC».9#|t>wdi;ihj^ tpoiw 

tinder wiiee pid tiogethw. in a Iks^ ahtad as 
one; tlmpower beh«, as it ware, aocumulated 
teiiMfds>the«Ktiems whsB, fay a spedes d m- 
dddng plaoe anemg .tbam all; and at 
jfeiiiitanBthim wmnotieeA the rimilar 0886 of 
hif|^.eliiMital enmep^aff theends of .thetqr^ 

adgw. K, then, a aeries of oouMutria 


rhigs be pfaMSd one Jnridtidw other, .dMyhtiiV- 
mg the eketrio emrent sent tbreuih'th^'im 
the some dindiioa; hf if, which is the aaine 
thing, a Sat apirat d dttM wire pasdng hats , 
the oende to ^ dreumferenoe be fonn^ and 
its ends be in Jtxmwetion vrith the batteiy (FL 
XVII, Fig. 16), then the drde of levoludeto 
would stillfae as in 14, paathig through die 

centre d &e rings w ipiral, but tiie power 
would be very nutch ineressed. Suih a spiirai|> 
vhen made, beautifully iSurtiatee this ltd;'n 
takes up an enormous quantity of iron Sling), 
which apinoach to the form d cones, BO stifdig 
is the adMn at.tfae centre; and its aotkm on 
the needehy the dement skfos, fo eghineirig’ 
powerful. ■ V ‘ 

If in plaoe of putting ring within rim they 
be {dac^ dde by side, so as to form a <y^der,. 
or if a hdlx be made, then tha same adrid d 
nmitralisation tidEes idaee in the intermediate 
wires, and aocumulated effect in the eatreme 
ones, as before. Ihe line whidi the pole would 
now trsvd, supposmg the inner mid d the ra* 
dius to move over the innm' and outer mirfBoe 
of the cylinder, would be titrough the aria tjt 
tile eylinder round the edge to (me ride, bade 
up timt side, and rouid to arts, down wfaidi 
it would go, as before; In this case tiie|force 
would prolmUy be greatest at the two ex- 
tremes of the axis of the cylinder, and least at 
^ middle distance on tile’ outride. 

Now consider the internal space d tiie cyb 
mder Sited up by rhigsor qpinJs, all having '&e 
eoermits in the same direcitioB; the direePhnt 
and kind d force wodd be tiie same, but very 
mudi strmigthened :it wodderist in thestrang- 
est degree down the axis of the mass, becaoMi 
d the eirodar f (wm, end it would have the two 
rides d the penut in- the eentre d the riapie 
ring, whuh'ssemed topossessattiactiveshdiie# 
pi^ve poweiaon tiiepcdeiiemovad to tbessKte 
d tire eyliadrai givii^C' rise to two potei^f a|)K 
psamitly distinct in tiielr aetkm, (me beiw 
atti»etive,.an(|tl»otiier r^KhSve,'dtbe pcM 
of a magnet. Nowoopeeivetiiat the pdetehot 
oonSped to a.mdted wbeiit tire 
nrig, or4heSetiqiiri4i a''(ylm(ter;tete 
tiret if ptesadin^irewris d aey of 
properdktano»for'aetion,it, bring Jafriited^y 
tweorm(a«pawaisteeqodrirder^w«al#ptrini 
in a ijidriSiiein theinteneetiimdifaBBenhv 
(to,, a^ appmrii:dfa!ee% to or reeadeikonj^ 
the pointa before 8|ieksa'd,i|pviiig.th«tgpritr»' 
mm d a direct attrac^m aid ^ilapn^^ieiw 

wards' or mm the same qm to a iiiaww'lhrij ' 





M( dinotiw aod Iniw babe 

tunraHttes ntwaaesaag thaactiyeimwsfRNn 

the pottieoa of wiw fonaioe the onja of .*b« 
09^^, -ffiiiali.oc sngr.aad the atwai^-<tf 
•laws leweea. .. ■■ ,. 

fita i^tKiQiBeBa of a hdiz, or ia ao^ 
agilnite of «3ked wwe» ua le^oed to 
ilia<m|jla nvdhition of tiw jnagnstte pdb 
KHmd ttie oonnectmg wira of tiia battatyi.aod 
ifa MooiaUsBoe, to a magoet ia ao great, 
the atroageat preraoaptioii aiiaaa in toa 
that they both owe tbeb powera, aa IiC. Aaogitoa 

haa atated, to the aanae. eauae. Fiiinga of :iton 
qMi>blad- 0 B paper hdd over toia eyiinder, aiv 
ral^^tilaInadYeBin enryad linea paadng from 
(Hie and to the other, shoving the path the 
pOia would f(dlov, and ao they do over amag- 
nat; the ends aUraet and repd as do those ol. a 
niagnat; and in almost every pmnt do tboy 
agree. The fcdlowing expeihnente hlustrate 
and confirm the truth of these ronarks on the 
ao&m of the dng, hdixf or cyUnder; and will 
diow in what thdr aotiona agree with, and dif- 
fer (for itoere are differeimeiO from, aotion 
of a magnet. 

A a nu d l in agnet being nearly floated m water 
by tork, a lii^ of silked copper vrire (PL 
Fiff. ifd),havingit8end8C(nmeot«l with the'bat- 
t^, was brought near its poles in di&rQnt po- 
sitions; sometimes the p<fle was repdled from, 
smnetiines attracted into, the ring, according 
to toe, pontim of the pole, and theooimeetiona 
wito't^ battery. If the wire han>ened to be 
f^podte to the pole, the pole pan^ aidewa^ 
and outwards whaa it was r^dled, and sider 
wayi and inwards when it was attracted; and 

cnurteiing within the ring and pasaikg toimigh, 

it moyed mlewaya in the cq^raeite ^ectom, 
alMtoavoiitoigtogo round the who, Ibe aetoms 
alee presee^ Iqr M. de la Blve's ringaie ao* 
toHBaof .^ kmd, and indeed are those wh^ 
faMd fihutrate toe rdatoms between the toog 
’ pc^ seSne. of toem have been men- 

tiioeed,.;i^iif idvred to, wifi be found to sn^ 
Qotd.u^ toe statement 9 vmi. . 

v.,^it|| a Jat'i^sal the.magnetie powm was 
is^.lanto amnnaed; and when too li^ wwie 
itodtontoBSKl to toe centre, too pewto^^ the 
kutoradgaover toe outer was wseil ehewsdtoer 
bp toa-p^of a needis, or inn filinga. llilto the 
ltotertoshig)|)aai8aee was extoem^ beautiful 
mdbMlnietiwB; whan laid fiat upona hehp <d 
tlisfc^tosyanangedtoemadvesmliaef^^p^ 
Ibt toKiHiijh- toe toag pacalM to ite anii and 
ifetoidingupcfteferaidaas lacfli m^to 
■ 'j|i» idgtii thiaatosy-met; ao.toat toey npae- 


mtad^egaeHiy, toe W iwp .'bhito a pole smfiii 

faavadsMtilMrt whmimI 

those fiii&ga which wulWia toe axis cd toe totgi^ 
Stood up in peipendioiilar half ;aii 

into k»g .ani ao as to lenn an aetiiid asie^a 

the ting, tending Bcgtoer one way.nor the othei^ 
but aeeonto^ in tbdr form mid smugeeanfi 
with what haa been deaoibeditoiito toehtotK 
medi^ p<Htitm abo finmed Ichg' tomafis; 
bending tius way and toat caatoa>: 

more m less, acemding aa they toSto 
from, m neater to it. . . , % 

^ Wto a bd» toe phtticmena wen biiiM 
ing, because woording to toe viewisvea eif toe 
attoactoms and r^ltona, tost is of the mo- 
tions' toward mid from the ends, some conehiR 
skma ahmiid fdlow, that if found to' be tttsa^ 
fito end to hold also with magnets, v^wldig^ 
farto prove the ideidaty of the two. lluia toe 
mid which scans to attract a certi^ pole. mr 
the outside, ou^t to repel it as if it were to toe 
utole, and toat whto seems to repd it on top 
entside, ought to appear toattnto rt on.toeinT 
ade; i,e., that as the motions on toe inddeend 
outode are in different directions iat toe same 
pole, it would move in the one oaae.to.aadiin 
theother ease from toe aame Old of thehsi^ 
Some phoiomena of this kind have been do^ 
smbed in ei^huning PI. XVZI, J, If, 11^. 
and /A^otoers are as foUoim. , 4 

Ahtox ofeiQced eoi^ torewas^maderpi^. 
a (tow tube, the tuto being about an;toto. i| 

diameter ; toitoelixwasabcnit three intosB Icsto ’ 

Anagnetie needle neaify as kmg was JoNtod 
with cork, so as to move toout in water- 
toertoghtestnnpnlse. Tt» htox btoi^eeniww. 
to with the appatatos and ^t nito the WaPto- 
in whito the oeerBe lay, its ends appeertoNe! 
attn^ and repel the pitoi.of toe .neetoi' 4 to. 
eordittg to toe laws beieae maltonlnd.riE^#.^ 
that end whito attmeted one of tthe^ pstoi'iit':' 
toe needle was brought near that pole^ it ostnuA 
the ^ese titoe, bat did not stop just within 
nda in toe nei^bboutoood of this ptoi.(esjM 
may eafi it for the rnmnent) of tfafr belixHiinb 
pa«to up toe tube, drawing the whole nsa^ - 
in, and want to toe offioaite pole (ff the hadsl . 
or the one whito <on toe wtsite would harotw; 
ptoto it; on tiying toe otoer poiftof the nmgf 
net wito'its MSTeqiaiuling end at ipokoyaii^ , 
helix -the eama effeet toto ^soe; Ihungim 
pde «itoito:thn titoe and psoeto to thujUlmf 
Old, frddi^ toe ttode needle into toe 

ahaen itwnvte before. ■ ' ' - 






Mjr i. df!oulaitii% 

^bel0i^ ex|:wrim^ d^cmstvated) 
iKSEd 0 ai£ jtxsle would have gone through the 
hdbt and kmnd on &e outdde^ but for the 
eiiunteraetibii of the opposite pole* It has been 
elated that tiie poles drculate m opposite di- 
round die wires, and they would 002^ 
eequently circulate in oppoeite directions 
though and round the helix; when, thmfore, 
one of the helix was near that pole^ which 
would, according to the kw stated, enter it and 
endeavour to go through, it would enter, and 
it would continue its course until the other 
pde, at first at a distance, would be brought 
witl^ action of the helix; and, when they were 
both equally within the helix and consequently 
equally acted on, their tendency to go in differ- 
ai^direetions would counterbalance each other, 
and tile needle would remain motionless. If it 
"i^re possible to separate the two poles from 
eadb other, they would dart out of each end of 
the helix, being apparently repelled by those 
parts that b^ore seemed to attract them, as is 
evid^t from the first and many other experi- 
ments. 

« By reversing the needle and placing it pur- 
posely in the helix in that petition, the poles of 
tits neeefie and the corresponding poles of the 
btiix as they attract on the outside, are brought 
together on the inside, but both pairs now seem 
to repel; and, whichever ^d of the helix the 
needle happens to be nearest to, it will be 
thrown out at. This motion may be seen to ex- 
WM in its passing state, attraction between 
similar poles, since the inner and active pole is 
drawn towards that end on the intide, by which 
it is timiwn off cm the outside.^ 

Ibese experiments may be made with the 
curve of M. de la Rive, in which case it 
IS the Wito that moves and not the magnet; but 
as tire motions m*e ledprocal, they may be 
leadfiy anticipated. 

^ A plate of copper was bent neatiy into a cyl- 
inder, and its ed^ made to dip iqto two por- 
fiena of mereury; when i^aoed in a current it 
fttoed esaetly to a htiix. 

A s^ cylinder silked wire Was made ex- 
mfstoioniitoah^ but that one length 
to the wile served astheaad^ and the fddswere 
tepetoed ovm* and over agshi. Tim as well as 
petes thesameinevery ro- 


of u tiiey toedt up fiisiB, thfy made 

the connecting wire revolve, they attracted 
and repelled in four parallti positions as is de^ 
scribed of common magnets in : the fiint page^ 
of this paper, and filings sprinkled on paper 
over them, formed curves from one to the 
oth^ as with magnets; these lines indicatiog 
the direction in whieh a north or south pob 
would move about them. 

Now with respect to the accordance which 
b found between the appearances of a faSlix or 
cylinder when in the voltaic circuit, and a cyl- 
indrical common magnet, or even a regular 
square bar magnet; it is so great, as at first to 
l^ve little doubt, t^t whatever it is ihat caus- 
es the properties of the one, also causes the 
properties of the other, for the one m^ be sub- 
stituted for the other in, I believe, every mag*- 
netical experiment; and, in the bar ma^t, til 
the effects on a single pole or filings, &A, agree 
with the notion of a circulation, which if the 
magnet were not solid would pass through its 
centre, and back on the outside. 

The following, however, are differtooes be- 
tween the appearances of a magnet and those 
of a helix or cylinder; one pole of a magnet at- 
tracts the opposite pole of a magnetic needle in 
all directions and positions; but when the helix 
is held alongside the needle nearly paridlel to 
it, and with opposite poles together, so that 
attraction shoidd take place, and then tiie 
helix is moved on so that the pole of the needle 
gradually comes nearer to the middle of the 
helix, repulsion generally takes place before 
the pole gets to the middle of the helix, and in 
a situation where with the magnet it would be 
attracted. This is probably occasioned by the 
want of continuity in the sides of the curves or 
tiements of tiie helix, in consequence of whitot 
the unity of action which takes place in the 
rings into which a magnet may be considered 
to be divided is interfered with and disturbed^ 

Another difference is that the poles, or those 
spots to which the needle points when perpen* 
cUcular to the ends or sides of a magnet or 
heUx, and where the motive power may be con- 
tider^ perhaps as most ecmcentratei^ are in 
tiie helix to tto exti^nity of its axis, and nto 
any distaato in Itom the end; whilst to 
regular magnets they are almost always titoato 
in the axis at some distance to from ^ end; a 


Iptot m ta khid as tfae n^ and south pdes 


..Kito ttssaetisuis power c 
ratoff tto ftSDarunent be msd 
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tiee^ pomtiogi^ipendiculuty tow«iaa the 
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Hon fa, prohaMy, to be attributed to iHSjfia*, 
tribution of the exdting cau^ of magnetfam ia 
the magaet and helix. In latter, it fa nece^ 
sarily umfc^ everywhere, inasmuch as the 
current of dectiicity fa unifoim. In the magnet 
it fa probaHy more active in the middle tiian 
eteewhm; for as the north pole of a magnet 
brought neaa* a south one increases its activity^ 
and that the more as it is nearer, it fa fair to in* 
fer that the similar parts which are actuaUy 
united in the inner part of the bar have th^ 
same power. Thus a piece of soft iron put td 
one end of a horseshoe magnet, immediately 
moves the pole towards that end; but if it b^ 
then made to touch the other end also, the pol4 
moves in thoopposite direction, and isweakened; 
and it moves the farther, andfa made weaker as 
the contact is more perfect. Hie presumption fa 
that if it were complete, the two poles of the 
magnet would be diffused, over the whole of its 
mass, the instrument ttiere exhibiting no at- 
tractive or repulsive powers. Hence it is not 
improbable that, caused by some induction, a 
greater accumulation of power may take place 
in the middle of the magnet than at the end, 
and may cause the poles to be inwards, rather 
than at the extremities. 

A third difference is that the similar poles of 
magnets, though they repel at most distances, 
yet when brought very near together, attract 
each other. This power fa not strong, but I do 
not believe it fa occasioned by the superior 
strength of one pole over the other, since the 
most equal magnets exert it, and since the poles 
as to their magnetism remain the same, and 
are able to take up as much, if not more, iron 
filings when together, as when separated, 
whereas opposite poles, when in contact, do 
not take up so much. With similar hefix poles, 
this attraction does not take place. 

The attempts to make magnets resembling 
the helix and the flat spirals, have been very 
unsuccessful. A plate of steel was formed into a 
cyfinder and magnetized, me end was north 
all round, the other south; but the outside and 
the inside had the same properties, and no pole 
of a needle would have goi» up the axis and 
down the sides, as with the h^x, but would 
have stepped at the dfasunilar pole of the 
needle. Bmoe it ia certain that the of 
whidi the cylinder may be supposed to be 
formed are not in the same state as riiose of 
l^rhidh the helix was cbihposed. AH attehipts to 
mafo^e a jtet circuit pfate of sted, so as to 
have ^6 j^i^in the centre pf one si^, imd the 
other pole in the centre of tiie opposite ride, for 


the p urpos e of imitating the Sat 
XVII, Fig. 16), failed; nothing but an irregular 
dfatritoripn pf the magnetism cca^ be bV 
tained. ^ 

M. Ampere fa, I bdieve, undecidecl with na* 
gard to the rizp of the currents of ^ctric% 
that are assumed to exist in magneto, p^pris- 
dicular to their axfa. In one part of his memchs 
they are said, I think, to be concentric, but this 
cannot be the case with those of the cylinder 
ma^et, except two be supposed in (^poritedi* 
rections, the one on the inside, the o&er on the 
outside surface. In another p^, I believe, the 
opinion is advanced that they may be exceed- 
ingly small; and it fa, perhaps, possible to ex* 
plain the cause of the most irregular magnet 
by theoretically bendingsuch small currents in 
the direction required.' 

In the 2n*eviou8 attempt to explain some of 
the electro-magnetic motions, and to show riie 
relation between electro and other magnets, I 
have not intended to adopt any theory of 
cause of magnetfam, nor to oppose any. It ap- 
pears veiy probable tibat in the regular b^ 
magnet, the steel, or iron, fa in the same state 
as the copper wire of the helix magnet; and pet^ 
haps, as M. Ampere supports in his theory, by 
the same means, namdy, currents of electricity; 
but still other proofs are wanting of the pres- 
ence of a power like electricity than the mag- 
netic effects only. With regard to the opposite 
sides of the oonnectbg wire, and the powem 
emanating from thm, 1 have merely sp€h& 
of them as two, to dfathignish the one set of 
effects from the other. The high authority of 
Dr. Wollaston is attached to the omnion that a 
single electro-magnetic current passing round 
the axfa of the wire in a direction determined 
by the position of the voltaic poles, fa sufficient 
to explain aU the phenomena. 

M. Ampere, who has been engaged so active^ 
ly in this branch of imtural i^losophy, drew 
from his theoiy, the GDnchision that a circutor 
wire formiiig p^ of the connection betwtoto 
the poles of the4}att6ry, should be directed Ibjr 
the earth’s magnetfam, and stand in a pliM 
perpendicular to the magnetic meridian 
the dipping neMle^ Tbfa result was said to be 
actually obtriui^, but its accuracy has been 
questioned, fbiC^ OH i theoretical and ea^eri* 
mental grouxi^ Abthb ma^et ffirecto 
when in form- of a curve, and the curveanaecft^ 
I endeavourrit to repeat the experimexri» .to4 
succeeded in, the following maimer. 4 
ooml^tioh Of two 

were cqmeetied by a copper wire, bm mto • 










fgSm iiu mi tte|Ar .B6ftidd 

tlie mstfim of water. Being tim left (o it** 

, eeK fa a qukrti atmosphere, the mstrameat so 
anwBjgiMl'i^ that the carve wae m a idaoe 
pfapemiciilair^fa magsetio meridian; when 
laoveid ftom tUs position, either one . wey or 
the otl^ It retumed agrin; and on faaaocdiiing 
. the ride of the curve towards the norths it was 
found to be thait^ whirii, according to the law 
riifauly stated, wcnild be attracted by a south 
pole. A<voltaiG cirrie made in a sflver capsule, 
and aobiuited with a curve, also product the 
saine effect; as did likevdse, very r^riily, M. 
deta Rive's small ring apparatus.^ When placed 
cm addulated water, the gas liberated from the 
plates prevented its taking up a steady pori- 
tUm; when put into a little ffoating cell, 
made out of the neck of a Florence fiai^ the 
whole readily took the porition mentbned 
above, and oven vibrated slowly about it. 

As the straight connecting wire is directed 
by a ma^et, &ere is every reason to briieve 
it will act in the same way with the earth, 
and take a directi<m perpendicular to the mag- 
netic meridian. It also should aCt with the 
mastic pole of the earth, as with the pole of 
a magnet, and endeavour to circulate round it. 
Iheoreti<^ly, therefore, a horiSontal wire per- 
pmicheular to the magnetic meridian, if con-^ 
neoted first in one way with a voltaic batteiy, 
and then in the opposite way, should have its 
iVe%fat altered; for in the one case it would 
tend to pass in a drelo downwards, and in &e 
other upwards. This alteration ^ould take 
Idace differently in different parts of the worid. 
The effect is actually product by the prie of a 
msgnet, but I have not succeeded in obtaming 
it^ empl<^{di% only the polarity of the earth.«r- 
Sht^innber ll, mh 


'Knee the paper in the pmoeding pages hes 
bdfa printed, 1 have had an appmtas madb 
of lisle Street, for the revo^ 
Ifaifamk ef iim round tiie pole, and a pote 
When Harems calimimeiter^^ 
enmaetad wifa it, tiie wire revolved so lapiiSy 
sound the pole that the eye could scarcely fol* 
and ari^ galfaidt tmug^ 
ipair <^ffates,of Dr; 

; hod power 
prile iri iconsiifaral^ 
b a sfaad, riboUt ^ inches bjr S, from 


oBft • |«iw lUv 

iiidbM U|^, Mid to 

ly bjr a (wpiewr nvd'OVW 41 m toaod; thtt'Otiw 

oui «h« BtMid a ooppM litoto to fixml 

win tot oonutundcattoD, kitntg^ out to one 

dde; ia the middle to » abidtor idate Mid a iiipM 
theM ai« both fitoed. A fliaaU abdtoar ito* wpi 
supported on a hdlow foot of ^lam hu a plate 
of inetal eeoiMtted to the bottom, 10 as to ehiM 
the apertura and fonn a oaoneO&W with the 
plate Oft tibe stand; the hollow foot to a sookMt 
into whidi a small cyiindrical bar magnet eaa 
be placed, so that the uimer polo BhaU te a little 
ab^ the edge of die idaos; merouiy is then 
poured in un^ the s^aas to nearly full; a rod of 
metd descends from the horisontal am pen* 
pendiculariy over this cup; a little caidly to hffl> 
lowed at the «td and amalgamated, and a piece 
of stiff copper wire is also amalgamated, and 
idaeed in it as desoibed in tiie paper, eacoqit 
tiiat it to attached by a piece of thread fat tte 
maimer of a ligament, passing from the end 
of the wire to ^0 inner surtoee of the cup; the 
lower end of the wire to amalgamated, an4 tom« 
nidied with a tonall roller, which dips so as tO 
be under the surface of the mereury in the cap 
beneath it. 

The other plate on the stand has also its eup, 
which to neariy oyiindrieal, a metal pin passw 
throu{dttiiebottom(ff it, toMHineot bycontoot 
with tiie plate bdow, Mid to the inner end 
the idn a small round bar magnet to attathed 
at one pole by tiiread, so as to allow the otbct 
to be above the surface of the mercury whoa 
thO oup to filled, and have ibeedoni of motion 
there; a thick wire descends from therod above 
perpendieularly, so as to dip a little way into 
the inetoifay of tim wp; it fmnw the commoting 
wire, and ^ pole eaa move in any dinotion 
rottad it. When the eonneotioDS see made with 
the ipUlM, aiid either of tlm wires fitmi tlm etotod 
platM, the levtdution of the wiiia or ptdeabim^ 
takes idaoe; or if the witw be oonimeted wWi 
tiie two oosniiig from the plates, motion takea 
plabe in both oBps at once, and in aeomdaene 
with the law Stated in the paper. Tide eppto 
ratas may bemueh indueed ia eto& and mads 
very moA moM deUeete and eaasmiat 

I 

ftoaadptton of «M fftoetrs-JfaptHttoel AjUMf* 

The aeeonnt id'Vtoa ia tbs' hltoMyetoea ettiki 
last JMnml U7), of thSafipaiaiMp toldl^ 
ed ia fifatstoatioti of tto pa|«v fae the hsiyef 
that uiHfatetLfariMi riiort ttniS kanoMlifaiUtrihiAi 
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^ dtpambiUf iOudiferfttive of the xnotimB of the 
Hite is^d pole round each other. The krger 
delineated (fi^. i, PI. XVIII) on a 
new ctf coie half. It consists of two glass ves* 
sdiii^plaoed side by «ide with thdr appendagesL 
la wt on the left of the plate the motion of a 
magnetic pole round the eonnecting wire of the 
ttmie battery is produced. That a euirent of 
Voltaic eleetrioity may be establkhed through 
fids cu{h a hole is drilled at the bottom, and 
into this a copper pin is groimd tight, whidi 
pfojects upwards a little way into the cup, and 
Mow is riveted to a small round plate of cop- 
p6r» forming part of the foot of &e vessel. A 
e&nflar plate of copper is fixed to the turned 
wooden base on which the cup is intended to 
stand, and a piece of strong copper wire, which 
-^is^attoched to it beneath, after proceeding 
downwards a little way, turns horizontally to 
the left hand, and forms one of the connections 
The surfaces of these two plates intended to 
come together, are tinned and amalgamated, 
that they may remain longer clean and bright, 
and alPord better contact. A small cylindrical 
and powerful magnet has one of its poles fas- 
tened to a piece of thread, which, at the other 
end, is attached to the copper pin at the bottom 
^ the cup; and the height of the magnet and 
length of the thread are so adjusted tlmt when 
the (Xip ia nearly filled' trith clean mercury the 
free pole shall almost upri^t on its sur- 
iacA 

A small brass pillar rises from the stand be- 
hiad the j^aes vessels; an ann comes forward 
bum the t<!^ of it, suppoHmg at its extremity a 
ainm wire, which at the pla^ on the left hand, 
whmi ii is perpendkul^y over the cup just 
dsierfbed, bends downwards, and is continued 
liti il juit ^ps into the centre of the mer^iial 
The wire is diminiched m size for a 
distmiee above the surface of the nter* 
etnyi and its lower eatir^nity amalga!^^ 
ihe purpose of ensuriniS goM contact; and sq 
aim is tne coi^^er pk attiie bottom oftfe cup. 
Wlnsntfae polee a voltaic apparatim am oon- 
uected wi& the bmss pfilar, and wi&.the iat^ 
coppe^f wire, tl^ upper pole of the magnet 
imxueicfiat^ rola^^ roc&si zdm wliiclK 

kto hi one direetiou pr the 

aaecm&aK ae^aeoiaiectiotu am made, 
fteotiber veiM is of the form dehneated in 
is lujfidw and tabiiihr;<bill^ 
olhelDff Iffilod hy a es is tim 

faue in the first YBBsel, a smaU eoppiBr ‘0^^ 


placed in it, and letaiBed tiieve ly Mng iai^ 
tened to a oi^dar |riatefaelow,Vriuidi^m 
ed to theigiass fp^ so that no mmmy dmU 
pass out by it. Ihis plate is tinned and amal- 
gamated on its lower surface, and stands on 
another plate and wire, just as in the former 
instance. A small drcular bar magnet is jdaoed 
in the socket, at any convenient height, and 
tiien mercury poured in until it rises so high 
that nothmghut the projectingpole of the mag- 
net is left above its surface at the centrO. The 
forms and relative positions of the magnet, 
socket, plate, Ac., are seen in PL XVIII, Fig. B. 

The cross wire supported by the brass pillar 
is also pp|c>nged on iixe right hand, imtil over 
the cen^'^ of the vessel just described; it thm 
turns downwards and descends aboii|t half an 
inch: it has its lower extremity hoUerwed out 
into a cup, the inner surface of whicn is well 
anmlgamated. A smaller piece o| copmr wire 
has a spherical head fixed on to it, o^such a 
tize that it may play in the cup in the manner 
of a ball and socket-joint, and being well amal- 
gamated, it, when in the cup, retains sufficimt 
fluid mercury by capillary attraction to form 
an excellent contact with freedom of motiom 
The ball is prevented from falling out of the 
socket by a piece of fine thread, which, being 
fastened to it at the top, passes through a small 
hole at the summit of the cup, and is ma^ fast 
on the outside of the thick wire. This is more 
minutely explained by PL XVIII, Fign. S and 
4 . The small wire is of such a length that it 
may dip a liUle way into the mercury, and its 
lower end is amalgamated. When the connect- 
ions are so made with the pillar and ri^t-haml 
wire, that the current of electricity shidl pass 
throu^ this moveable wire, it immediately 
revohreB round the pole of the magnet, in adi* 
rection dependent on the pole used, and the 
manner in which the connections are made. 

PLXVin,FtV.^]s thed^eationof aanSU 
i^aratus, the wire in vriiioh revolves rapidly, 
very little voltmc power. It oontists of a 
piece of ^^ass tube, the bottom part of whfeh k 
dosed by a cork, through which a small igkM 
ef soft iron wire passes, so as to project abcfve 
and bdow tiid eoik. A iittie in^itniry is then 
poured in, to form a diaimd b^ween tiis.im 
wire and the tube. The orifice il 
also doled by a Qork, tlm)u^ wbddi a ideeeiiri 
pktmum wirepasses wMohis temunaM w^ 
in by a loop; enother piece of wire hangs finis 
tbiB by al^i and itslow^ whidl^^sl 
very little yay into the mennuy, beu^ am^ 
gamated, iii l^nesdvVd fidh Bering 
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mte Vditaic ooinlttniiiti9]]i sft €oimoat»dtrii& tiie 
ttjpper and jbwor ^ds of this apparatus, abd 
^ pole of a magnet is {daoed in ooatact isdlh 
ti)e external eod of the inm wire^ the moveable 
wbe witfaia riHudly rotates round the magtxet 
tbns formed at the m<Hn6nt; and by <*Aang in g 
mther the oonneotion, or the pole of tiiema^paet 
in contact vdth the iron, the direction of the 
motion itself is changed. 

Ihe small apparatus in the plate is not drawn 
to any scale. It has been made so small as to 
produce rapd revolutions, by the action of two 
^tes of zinc and copper, containing not more 
than a square inch of sukace each. 

In place of the bail and socket-joint (PI. 
XVIII, Figs. $ and 4) loops may be used : or the 
fixed wire may terminate in a small cup eon<- 
taining mercury, with its aperture upwards, 
and the moveable wire may be bent into the 
form of a hook, of which the extremity should 
be sharpened, and rest in the mtt'eury on the 
bottom of the cup. 

Note on New EkctFo--Magnetical Motioned' 

At page 807 of this volume, I mentioned the 
expectation I entertained of making a wire 
throu^ which a current of voltaic electridty 
was passing, obey the magnetic poles of the 
eartiEi in the way it does the poles of a bar mag- 
net. In tiie latter case it rotates, in the former 
I expected it would vary in weight; but the 
attempts I then made, to prove the existence 
oi this action, failed. Since then I have been 
more successful, and the object of the present 
noteis so far to complete that paper, as to show 
in what manner the rotative force of the wire 
round the terrestrial magnetic pole is exeited, 
and what the effects produced by it are. 

Ccmtidering the magnetic pole as a mere 
eentre of action, the existence and position of 
whidh may be determined by well-known 
means, H wasshown by many experiments, in 
tiie^paper, page 705, that the electro^magnetit 
wire would rotate round the pole, without mty 
rdmnce to the position of the axis joining it 
wUh tibe Oppoidte pole in the same bar; for 
qaneetimes ams was faorixontal, at otimr 

^^mtical, whilst' the n^ation continued 
^same. it was also dbown that^ewire, wfa^ 
iofti^eed by the pde, moved laterdly, its 
jfiiMesm droies in planes peip^dio^ 

iwky tw tbe v^itsdf. Hence the wire, when 
eoiofiiied to tme pbint ^ 
eone ki its revofotiott, but when bent 
^ ' ' 


into a maaki it deterifaed unyiiiider} lun^ 
effect was evhientiy m U1 ewm for each pdbntdt 
tim wiiwfodescribeadideitkundtiiepde, inn 
|dane perpendicular to the current of deefcndty 
through the wire. In dtepenang with the mag* 
net, ui^ to give these motions, and operating 
with the terrestrial magnetic pole, it was easy, 
by applying the infoimation gained abov% te 
deduce beforehand tim direction themothms 
would probably take; for, essuming tiiat ^e 
dipipnng-needle, if it does hot point to the pde 
of the earth, points at least in the direetion in 
which that pole is active, it is evident that a. 
straight electro-magnetic wire, affected by the 
terrestrial as by an artificial pole, would movp 
laterally at right angles to the heedle; that is to 
say, it would endeavour to describe a^eylioder 
round the pole, the radius of whidima^ be 
reacted by the line of ihe needle prdmged to 
the pole itself. As these cylinders; or drdes, 
would be of immense magnitude, it was evident 
that only a very minute portion of them ccmtd 
be brought within reach of tiie experiment; 
still, however, that portion would be sufficient 
to indicate their existence, inasmuch as the mo- 
tions taking place in tiie part under considera* 
tion, must be of the same kind, and in tiie Same 
direction, as in every other part. 

Reasoning thus, I presumed that an electro- 
magnetic wire fihould move laterally, or in • 
line perpendicular to the current of electiid^ 
passing through it, in a plane perpendicular to 
the dipping-needle; and the dip bdng here 73^ 
30', t^t plane would form an angle with the 
horizon of 17*^ 30', measured on the magimtic 
meridian. This is not so fat removed from tim 
horizontal plane, but that I expected to gelmd* 
tions in the latter, ami succeed in the follows 
ing maimer: a piece of eop|^ wire, about MS 
of an inch thic^ and fourteen inches long, bed 
an inch at each extremity bmit at right a^ei^ 
in the same direction, ahd the en^ aiwrija-, 
mated; the wire was tbmi suspetided horiiteiir 
tally, by a long silk thread from the A 
basfoof dean putwmercuiy was phoedi^^ 
each extremity of tiie vrire imd 
ends }Ust dip^ into the metal. IhemOrCiwy 
in both bas^ was eovmd hy adraliumof^ 
luted; pure nitric add, wtdch dissdlri^ 
filing i^owed free motion. ThencoitiihdiiSK 
mercury in one basm with one pole of BejWAi 
calorimotor, the instrument meaattbaed pHge 
705, the moment the other pale Was imnasMlied 
with tiieotiier Imsiii, theeuspende^ 
latency amis the basitis tiB it tcmcbed'llfo 
aidea: xm breaking theeinuMSedieli^ 
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tkm v»8 «g«iia 'i^ud^. Oa 
ntionof alin, theeSect stiU tocdcpim; aad 

tha direotkn of the motion ww eim^ the 
aasne relative to the inre, or rather to the etti» 
paaeiAg throu{^ it, being At right anglee to 
it. liMis whor the wire was east and west, the 
east end to the rino, the west Old to the copper 
plate, the motion was towards the north; when 
the ccmnections were reversed, the motion was 
towards the south. When the wire hung north 
•ad souti), the north end to the sine plate, the 
south end to the oopper [date, the motion was 
towanh) tire west; when the oonnexions were 
levmeed, towards the east; and the intermedi-' 
ate positions had thrir motions in intennediate 
directions. 

The tendency, therefore, of the wire to re- 
volve in a circle round the pole of the earth, is 
evident, and the direction of tiie motion is pre- 
(risriy the same as that pointed out in the for- 
mer esperiments. The experiment also prints 
out the power which causes Ampere’s curve to 
travmee, aad the way in which that power is 
exerted. The well-known experiment, made by 
M. Ampdre, proves that a wire ring, made to 
conduct a current of riectridty, if it be allowed 
to turn on a vertical axis, moves into a plane 
east and west of the magnetic meridian; if on 
an east and west horiaontal axis, it moves into 
a plane perpendi<»iiar to the <Upping-needle. 
Now if the eurve be conridered as a priygon 
of an infinite number of sides, and each of ^ese 
sides be compared in succession to the straight 
irire just described, it will be seen that tiie mo- 
tions gdven to them by the terrestrial pole, or 
poles, are such as wo^ necessarily bring the 
polygcm thor form into a plane perpendicular 
to dipping«aedle; so that tire traversing of 
ring may be reduced to tire simi^ rotation 
fit the wire round a pds. It is tine tire whrie 
laeptetism of the earth is cemoerned in produc- 
ing the effect, and not merriy that portion 
whkb I have, for the moment, supposed to re- 
npeot tiie a(M^ pole of the earth as ite centre of 
action; but the effect is tire same, and produced 
in the same Trtnnner; and the introduction of 
irrArence of the smithma hmnisphere, only 
leodem tib leeidt imakwouB to the expetipne^ 
a4 page SMVwiiem Ihm poles are oonomti^ 
elM of that at pagalwi In., where om prie 
«nly is active,.. 

' Betides the aiMfm iNoef iff iotatioo round 
Ihi terveticihi pr^ 1 UMde an flfxpcrimeiit 
liBiBune atiBdugi An in 
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peipendicalar to bqt n amaU.portion ef .tin 
wii^ andmoieer leas ohfique to thereat, Zeew' 
tidered it probable that a wire, verydfliicatciy 
hung, wd oanneried, mieht be mada to lotaM 
roo^ the dip <rf the neadb by the eaith’amaf^ 
netism alone; the upper part being laatadoed 
to a point in tiw line of the dip, the lower befaig 
made to move in a ctrde aurrounding it. This 
result was obtained in the frilowmg maorwraa 
piece of ooppor wire, about 0.018 of an inrii in 
diameter, and six inches long, was wril amal- 
gamated ril over, and hung by a loop to another 
piece of the same wire, as described at page 
809, so as to allow very free motion, and its 
lower end was thrust tluouj^ a snu^ {hccb Of 
cork, td itiake it buoyant on mercutw; the top- 
per piece was connected with a thiemwire, that 
went away to one pole of the voltric aWaratue; 
a glass barin, ten inches in diameter, was filled 
with pure clear mercury, and a litue dilute 
acid put on its surface as Wore; the tuck wire 
was then hung over the centre of the glaas ba- 
tin, and deprWed so low that the thin move- 
able wire having its lower end resting on the 
surface of the mercury, made an on^e of about 
40” with the horiaon. Immediattiy the circuit 
throu^ the mercury was compleW, this wire 
began to move and rotate, and continued to 
describeaconefwhilstthecoimectionBwpepre- 
served), which though its axis was pwpoadio’ 
lUar, evidmtiy, from the varying rapidity of its 
motion, regarded a line parallel to tiie dipping- 
needle as that in which the power aeted that 
formed it. The direction of the motirm was, ae 
expected, the same as that given by tiie prie of 
a magnet pointing to the south. If the eenti* 
from which tiie wire hung was elevated until 
the indination of the wire was equal to that of 
tiie dto, no motion took place when the wire 
was paraOei to the dip; if tiie wire was not so 
much inclined as the ^p, the motion in one 
part of the circle eapsUe of bring described by 
the lower esid was reversed; results that neees- 
sariiy follow from the relation of .the dto aad 
the moving wit^ and which may easi^bada* 
tended. > < 

I have described tiie effeoto above ai pty 
dooed by tim nortii pole of tiie earih, asanritig 
Chat pito aa a igentn of aotkm,4iritoc to e Bm 
lepemnCad by tim df tim needto '1^ 
bm dmettiut the phwomiana mighC ntogl 
leadily be eoPtoMad trith tboae ^mdueedly 
the of a magnet. AC. 3tot bM ahotoa’bf 

may be eoaiidfleed as two |Mtototto< titt 
netic axia vARy 



ilite ' 

Agyire-hw miaUbiiKS^ guntod pkov -«f 'ooppar vtie' «m 
vuml’tikfrQfniuoo tfaat the'magMtistt aCHlie deacu inMnDXf lumag a‘«(rainB 

Mttii U.-aati^ by akc&io nurestB moving of iraiter w'dihite'MMkaiyBr it; tiwa, bMNNier| 
to tfae toPUtoP.' Oi ^ waanotneeama^^bailt proBBr^ themsEeiifp 
ptowo p n a co oi i igtoig MnoBg^eaioubdk^the deaaandtfaewire.eool<!ntfaiBpositiontoeoo* 
tka^ and tbe toots, tome idte iPByip e i l tape hesive sttrae&Mi of.tite meretuly raised a little 
begidi^ from what was said, page^^i elevation ofihe metai rouadtfae tore of a eer* 

toiatidn bf 'a pdle< totoaqdi and mand a tore tain magnitade, whidi tended to dqptoss tim 
itogf’^FtmdiftoratBidesof to»fda&fiwbiohp|uM toto by addmg to its weight. When the mer* 
(^boOf^'tSie ring, thrae deserdred, aad\.whioh eury and the wire torae o(Hmeoted^llri& tbs 
riugr rejMasent the eqimtw in M. Amfdieils toe» poles of the vtdtaioi appuattu, etovwtkn 
Sty, aeoord petleo^ torii the bnttophmto visiUy diminuhed in magnitude .!:^ an appat* 
m, the ^be; and the rriative podtktn.of the ent alteraticm in toe ooheaivh aiitr« 9 toto ^ toe 
sni^tossd points (rf attraetom and repulmoneo- mereury, and apart of toe faroe torito b^tob 
bieide toth those asrigned by M. Biot for toe tended to dqitess toe wire.was thpa s^dv^ 
pelestof toe earthiteelf. Whatever, however. This alteration took place equally,; whtoeto r 
Buybetoestateandamu^^ementoftenestrial tiie directom in which the current was paatn^ 
nu^tetism, toe e}q>eriments I have described through toe wire and toe mieisaiy, tot 
bear ine out, 1 think, in presunung, that in effect ceased the moment the odmaeotii^Wiene 
every part of the terrestri^ ‘idohe an electro- brokfin,:. j j 

magnetic wire, if left to toe free action of tns Thus the cause which nwde toe wire dMeh4 

resttial magnetism, will move in a plane (for so in the formw case was e!ridmit,.aiHl by khoa^ 
toe small part we can experiment on may be ing it, it was. easy to.-cenritruot an a^Mmto* 
oonsidoed) perpwdiouiar. to toe dip of toe in which the ascent shoidd be vary oausideii^ 
needle, and in a direction perpendi(»;to to the ald& Apeoeof copper bdlwire, about twokubm 
•urrent of riectricity pasring through it. long,h^porto»isoftheainalgaiuatedfiiieQO^ 

Beverting now to the expectation I mter- parwiresidderedontoitseni^ and topsebart 
tained of altering the apparentweight of a wir^ downwards tiU pOTalldi to each otoec. Thb was 
hbwasfoUndedontoeideathatthewiie, moving then hung a silk thread, from t]m.levaij,mid 
iowudstoe north round the pole, mustrise, and thefinewire ends <hpped.into two cups 
moving towards the south, must descend ;inas* mercury. Wten toe eonununioatitaiB.wafB giasi* 
inuto asa pkmeperpmdicuhu'to toe dipping- pleted fioin too vxdtaie inotiimient tovraqp; . 
needle, ascends and descends in toese dprec- these two raqiB, the wiras woidd rise neaa% sm 
toms. Jhorderto ascertain theexistenoeoftlus mch out of the mercury, and descendagsinoa 
eSeoi^ I bent a ‘mro twice at right angieB,.a8.in breaking the, conimunicatom. ■ 
toe totmqperiment described in thffl'noto and Thusitappeamtoat,whffli8ineshii%Map#; 

fastoneid (p to each octimnity a toort piece, (ri ed copper wire tops intornmrcaiy^, and ' 
toto wire amndgamated, wd made tto conneci* rent of voitaie deotridiy; patneSitoaHKig^iitoe 
tom mto toe> badns of merauy by these toin eombination, a peeitoar effeet. is prixhmedsto ' 
Wbesi.Tbe.wite was then suspended, not sehe- the plato when toe:wireffito touches timtoito . 
|e^lrom.toeoeiMng,but from a>8mfdl and dto cu^,ecitotndeidtoadimmuito«iof.th!eotoni^" ! 
into lever, vtoieh would hidioate s^ tppaseid attmetion <d toe ]n«i«iiy..>ilhb effect' 
atotoatom^ toe weight . (ri toe adte; toe coof diminitoed by toenmatof toe tow to top: 
lipgltoiB-weiiejtoen made wMua' vtonie' and 20 -pair to.'platM! to-Ih.. WoOastoa’ii ei^' ' 

ftoipQsnti-lmt ltowtorpristo to’find'tt^^ toruetion, and ioni! iaitoes.-jM|iiaiie, sreidd'.lkto.! 
.'lij^eettnto to’beeanml^itor to'boto diro^ produce it with the fine wire: on t^emritimg 
l^jj ^ totogh aottotouto v»faan.itaai06ottwai two large {dates are suffident. Dr. Hare’s es^^ 

~ toy .ftei'to as .towarda- toft i»OBto.'.a)n imotor waS the instnnacnt used, ‘had ' 

■ itwais faand to saamiAtoitofe'fleB^ charge wmmo weak toat it wmdd-baielywa^ 

Ha padtiBn. to the taro fa^toofaiy ailed wire. WlmtosTt heaft ie t 
sBetetaiasd tost kanawtutodih^utianef toeattcaetkm'ieftok. 
ifi.'jid<.aot dpp^ oa the eaato’s toagodton^ paotidM to the mercury, or dapendaaaanBas 
igaaMw «Tiy Iwad magnatio action tolhe eon- otoer oaase, vaiDains as yet to be dtoetnitoii 
aiilisilbait'^W’SiBtomadiivhodieetmtoe.irin.-^ Butinaoiy;to8eitBmfl]ieaiwiBropoweiifid;fl^ . 
iffllld toiiir MimminrtiT -1 1 il iSoavi r ed tot it 

iMaise'iiiriiiiw laiwiSMtnd phonoininaan An wnal made to debrahie the IsinemBdvifoBraHto alf 
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netie pole^ if the direoticm is otherwse than 
bonaofitali i|Lnd if iboy 

dtesmbed in tbb note. Thus, at the magnetic 
equator, for mstance, where the ai^mrent alter- 
atiim of weight in an electro-magnetie wire may 
be expected to be greatest, the diminution of 
weij^t in its attempt to ascend would be in- 
creased by this effect, and the apparently in- 
ereasM gravity produced by its attempt to de- 
scend would be diminished, or perhaps entirely 
counteracted. 

I have received an account by letter from 
Paris, of an ingenious apparatus^ contrived by 
M* Ampere, to illustrate the rotatoiy motions 
described in my former paper. M. Am^re states 
tiiat, if made of sufficient sise, it will rotate by 
the magnetic action of the ea^, and it is evi- 
dent that vrim be the case in latitudes at some 
"distance from the equator, if the rotary wires, 
namely, those by wUch the ring of zinc is sus- 
pended are in sudsi a porition as to form an 
an^e with a vertical line, larger than that 
formed by the direction of the ^p. 

It is to be remaarked that the motions men- 
tioned in this note were produced by a single 
pair of plates, and therefore, as weU as those 
deserib^ in the paper, page 795, are the reverse 
of what would be produced by two or more 
pair of plates. It should be remembered also, 
that the north pole of the earth is opposite in 
its powers to what I have csdled the nc^h pdes 
of needles or magnets, and similar to their 
south poles. 

I may be allowed, in conclusion, to express a 
hope that the law I i^ve ventured to announce, 
respecring the directions of the rotatory mo- 
tions of an electro-magnetic wire, influenced by 
terrestrial magnetism, will be put to the test in 
(Afferent latitudes; or, what is neariy the same 
thing, that the law laid down by M. Amp5re, 
as regulating the position taken by his curve, 
luimely, that it moves into a plane perpendic- 
ular to tile dipping-needle, will bc^experimen- 
tafly asocartained by all those having the op- 
poitimhy. 

c/ CM on M oynetie Needled 
ii^.lteSaiieltiBl^ 

perimeuts &a the effect cl cold in^ destroying 
tike maipketic power of needles,* or at least in 
jenderiiig tixm msentible to tim action of inm 
MBs has claimed tito 



meiit of tiik (Sseoray, and the keasoQ^ 
it, iar tiie late Govemmf EUis. Oonoeivisg it 
important to estab&b tike fact that eoldas well 
as heat mjured ordestroyed the magnetic pow- 
er of iron or sted, we wrapped a magaetio 
needle up in lint, dipped it m sulphoret ^ car- 
bon, pla^ it on its pivot under the receiver 
an air-pump, and rapidly exhausted: in this 
way a cold, below the freezing of mercury, is 
readily obtained . When in this state, the needle 
was readily affected by iron or a magnet, and 
the numbtf of vibrations performed in a given 
time by the influence of the earth upon it were 
observed . A fixe was now placed near the pump, 
and thewhole warmed; and when at hbout 8^ 
Fahr. the needle was again examin^, it ap- 
peared to be j ust in the same state amb^re as 
to obedience to iron and a magnet, Wd the 
number of oscillations were very nwly the 
same, though a little grater. The degm of ex- 
haustion remained uniform through^t the 
experiment. — ^E d. 

Electro-magnetic Cmeni (under ^ Influence 
of a Magnety 

As the current of electricity, produced by a 
vdtaic battery when passing through a metal- 
lic conductor, powerfully affects a npgnet, 
toiding to make its poles pass round tire wire, 
and in this way moving considerable masses of 
matter, it was supposed that a reaction would 
be exerted upon the electric current capable of 
producing some visible effect; and the expecta- 
tion being, for various reasons, that the approx- 
imation of a pole of a powerful magnet would 
diminish the current of electricity, the follow- 
ing experiment was made. The poles of a bat- 
tery of fn>mtwo to thirty 4-mch plates were ocm- 
nected by a metallic wire formed in one part 
into a h^ with numerous convolutions, whilst 
into the circuit, at another part, was introduced 
a dtiicate galvanometer. The magnet was then 
put, in varicHis positions, and to different ex- 
tents, into the helix, and the needle of tiie gat- 
vanometer noticed; m effect, however, upon it 
could be observed. The dreuit was msAe veef 
hmg, tikort, of wires of different mettis and 
differait diametm down to extreoie fineness 
but tite results were always the skmos. Magirats 
more and less powerful were used, some m 
strong as to bend the wiie in itseitieaveuiete 
pass round it* Hmoe it appears that hoMvtr 
power&l tike adtion of an tieciric current, may 
be upon a.inagiiet, the latter has notendeeM^ 
bytea^oz^todimksshorinoieaset^ 

Science, 




fanner; a fact nAkfa, d n segie^ 
thre Ufid, ^ppe$jm to aae to be of aome jmixas 
taiice.^M. F. [£ee note at end of Seriee I of 
Etfpi fiee., 1843.1 

EkdbfiA Foiaere (and Place) nf OxakOe ofLbm^ 

Some oxalate of lime, obtained by pr^pita* 
tion, when weil-waafaed, wae dried in a Wed^ 
wood^B basin at a temperatum approaching 
300*^, until so dry as not to render a cold glase 
plat^ placed ovcat it, <&n. Being then stirred 
with aplatinum8patula,it, maf6wmomentB,by 
friction against the metal, became bo Btrosis^ 
electrical, that it could not be collected to- 
getiier, but flew about the dish whenever it waa 
moved, and over its tides into the sand-bathu 
It required some little stirring before the pa]> 
tides of the powder were all of them suflicmt- 
ly electrical to produce tiiis effect. It was found 
to take place either in porcelain, ^ass, or metal 
basins, and with porcelain, glass, or metal 
stirrers; and when well excited, the dectrified 
partides were attracted on the approach of all 
bodies, and when shaken in small quantity on 
to the cap of a gold-leaf deotrometer, would 
make the leaves diverge two or three inches. 
The dfect was not due to temperature, for 
when cooled out of the contact of air, it equally 
took place when stirred; bdng, however, very 
hygrometric, the effect soon went off if the 
powder were exposed to air. Exdted in a silver 
capsule, and then left out of contact of the air, 
the substance remained deotrical a great length 
of time, proving its very bad conducting power; 
mid in this respect surpassing, perhaps, all 
other bodies. The effect may be product any 
number of times, and after any number ct 
desiccations of the salt. 

Platinum rubbed against the powder became 
negati ve*-the powder positive ; ail other metals 
ti^, the same as platinum. When rubbed with 
^as8,the^ass became stronglynegative,theox« 
afatepotitive,bothbdngdiyandwarm;andin« 
^eedtlusbody appears tostandattheheiulof the 
wr of all substances as yet tried, as toits i^wer 
of becoming positivdy dectrical friction. 

Oxafates of tine and lead produced none of 
tliMeSeots.*— M. F« 

F ' 1 -I , i ^ 

Maipuiie Bdaiiim and Chat- 


ollien^ Ido iwet’ ■ 

with it, tiiat oB the metab are magnetie b the 
same manner as iron, though not at common 
temperatures or uncks ordinary circumstan- 
ces.^ I do not refer to a fedde rnagcetiim/jim^ 
(^rtarn m its existence and source, but too dui^ 
tmet and decided power, such as that possessed 
by iron and xackd ; and my imiaestion has been 
that there was a certab temperature for eaidi 
body (weUknownm the case of irmi) beneath 
which it was magnetic, but above which it lost 
all power; and that, further, there was some 
relation between this point of temperature^ imd 
the tnbns% of magnetie force wUoh the body 
when reduced beneath it could acquire. In thfa 
view iron and nickel were not considered as ex»- 
ceptions from the metals generally with regard 
to magnetism, any more than mercury cptikl 
be con^ered as an exception from this class of 
bodies as to liquefaction. 

I took occasion during the very cold weather 
of December last, to make smne experiments 
on this pomt. Pieces of various mets^ m their 
pure state were supported at the ends of fine 
platinum wires, and then cooled to a very low 
degree by the evaporation of sulphurous acid. 
They were then boou^t close to one end of one 
of the needles ofadelicate astatic arrangement, 
and the magnetic state judged of bytheabsence 
or presence of attractive forces. The whole ai^>a« 
ratuB was m an atmosphere of about 2S* Fabr.: 
the pieces of metal when tried were always far 
below the freesing-pomt of mercury, and as 
judged, generally at from 6(f to 7(P Fahr. 
low zero. 

The metala tried were. 


Antimony 

Lead 

Arsenic 

Mercury 

Bismuth 

Palladium 

n^Htwinni^ 

Ffatinum 

Cobalt 

Silver : 

Chromium 

Tin 

Copper 

Gold 

Zinc 


and also Plumbago ; but m none of these cSsss 
eouid I obtam ^ least bdication oi 
netism. ? 

' Cobalt and dbromiom are said to be bd^ 
magnetic mstab. I cannot find that eitimir id 
them is so, in its pure state; at any tempiaa^ 


[ ^ have long smee ted me to an 

opinion, wHoh fa probably alM Igr 



• It may be proper to remarlc that the obsem* 
tiona made in par. 256 of my Expmm&fUai As- 
eeerehu teve reieraaoe only to tl» three nhmiHS el 
bodiio there defined aa existing at ordinary Miaen^ 
aturee. 


*anBifdep, JiMvp., *^ISued SolewMi,** VeL I, 
p. 761. 




txam> WUa 

isQiBiifi auppiMrtd to be pui», 1 have’ tmoed It to 
irenor nii^. 

The step whidi we can make downwai^ m 
teiE]^)exeto«iB, however^ soemallae eomparad 
lb ttedtimges we ean pn)duee ia llie bppoeile 
idseo^tHQ, timt negativeTesuttBof the ki^lieFe 
lAalM CQ^ soar^j be allowed to havemudh 
whilst in deciding the question under exatndna^ 
fie&i although) unfortunately) tibey cut dSf all 
hut two h^etide from actual emiparison. StSl, 
ib Ihe oidy eaqpeiim oourse left cpen^ I 
proceeded to compare, rou^ly, mm and nickel 
with rei^ct to pbintB of temperature 4t 
wMch they cease to be magnetic; In this respect 
iron ia wdl known.* It loses all magnetic prop* 
ertiesat an orange heat, and is then, to a mag^ 
bet, just like a piece of copper, olver, or any 
oOa^ unmagnetie metal. It does not intercept 
' the magnetic influence between a magnet and 
a piece of cold iron or a needle. If moved across 
nmgnbtio curves, a magnetoHriectric current is 
uoed within it exactly as in other cases, 
point at which inm loses and gains its 
magnetic force appears to be very de^te, for 
^powef oonikes on suddenly and flilly in small 
masses by a small diminution of temperature, 
bad as suddenly disappears upon a small ele* 
vatkoi) at lhat degree. 

« , With nickel 1 found, as I expected, that the 
point at which it lost itsmagnetieielationswas 
vbry much lower than with iron, but equally 
liefoed and distinct. If heated and then cooled^ 
It lemained unmagnetie long after it had falleq 
bdow a heat visible in the dark; and, in' fact, 
almcmd oil can bear and cmnmuiiicate lhat 


of tlm.parti(ta of dm^imdy^ 
diSerenee between timneoasanry tsmpeii^^ 
for iron and mekal sqjpears to me te^rendoE it 
far more philosophical to allofw that msgimttb 
capability is a g^ieral property of all metals^ a 
cekain temperature hdng the essential oon^ 
tion for (he developiient of (his slate, 
siq>pomihatiFbh nidEel {mssess a jAi^dl 

property which Is denied to all the other suh^ 
stances of the class. ' ^ ^ > ^ 

An opinibn has been entertaihed: 
gard to iron, that^tfae heat whieh takas n#agr 
its magnetic properly acts smnehow within it 
and iamongst its electrical currents (upcm vhiih 
the magnstiBm is considered' as dependiiig> aa 
flame and heat of a sinular intensiw act upon 
conductors charged with oriflnary ractricit^ 
Ihe dtfference of temperature neemary for 
iron and nickel is against this opinbm andtfae 
view I ^take of the whole is atSl mor^strcmi^ 
Opposed to it.. 

' The close relation of electiic and 
ihenomena led me to think it probable that 
the sudden change of condition with respeet to 
the magnetism , of iron and nickel at certain 
temperatures, might also affect, in some de* 
gree, their conducting power for electricity in 
its ordinary form; but I could not, in such tri* 
ab as I ma^e, discover this to be the wi(h 
ircai. At the same time, although eumciently 
exact to indicate a great change in eondnetian, 
they were not delicate enough to render evi* 
dmit any small change; which yet, if it occurred, 
m^t be of great importance in illustrating the 
peculiarity of magnetic acrion under these wo 
eumStances, and might even elucidate its gen* 



temperature v^hich cah render nick^ indiffer- 
mt to a nbi|pei,,By a few enhriments with 
(he thenubiS^^ k appeared,!^ (Ite demag* 
temperature for niefcd is near 63(f or 
A i^t^t dhSnge about thi» . point would 
j^er gite or taise away the hiM magnetic pow- 

Thim IheexperimentB, as far as (h«y go, 
%rlhes^uien advanced at the Ccmmeneenieiit 


rtSations, but that there is a certain temf 

lilte^tare ten isSMh>beneailh whiih It is ma gne fac 

it eapnot eifaildt tbiBiMspeiiy. This ina^eHe 
MpabiUty, like ydatiUiy or fosibility, must de- 
ttpoQ seme peculiitr rdatimi or oondition 

yMaobw q i y MtsyeriaMeitoitjt lsi^ tetbe^opiMtar 




ItMuefiSdt 


'«id nature. ■' • 

Before concluding this short p^>w, I mair 
describe a few results of magnetic aictiUm, tsldi^ 
thoo^ notdim^y ooncemed in tiie argunuBt 
abowtii am ommected. generally with l^.^^ 
jeGt.fWiiUng to Ibsow what relatien tibuttn^. 
perature.whioh.ooahi take froni.a magnet die 
p^ec over soft inm-had'to^t.wl&b'owidli 
taka from softjroB'Orateei its powOrrOk^eoid 
a.magDtt, I gkadMIjr raked tim tempssak»'i# 
tof a BMgmi, iawi loniid 'tkatudieB aeM^^ 
the boilin^pokit of almond' 
poiaiity ralfher suddenly, and tkeu acftadSi^ 
a mapmt as edd saift.-iKm.:>it teganfed -to;!* 
raised to a frill orange heait brfnre it-.lost.dii 
poweraa is<ti«w>.:Hence the fome of.tfaesWasI 
to ttiaia tiat.ooiidittQa of tfs .psitUM'aifrij^ 
rendeiB it a pennanent magnet, ,^vejs vaj^to 







Itea^ at a &r kmm^ teld|MWMilie ^thaa ^t 
which ia neoestejr’ttf prevent its purtidra aa- 
jKUning the eofrt^'jihife by the m^uetive action 
^ a heifi^bottxhoLt d one tern- 

'jpemtiireits per^ea caM of thdnsdves retain 
a permanent sUte;, vrhilat at a higher temper- 
ature, that state, thou^ it can be ii^uced dom 
without, wiU continue only aa lona as the in- 
ductive action lasts; and at a S^ ^her tem- 
perature all capability of assuming^ ' this con- 
dition is lost. 

; The tempefattue at which polarity 
stroyed appeared to vaiy ^ih the hardness 
and condition of the steel. 

Fragments of loadstone of very h^h power 
were then experimented with. These preserved 
their polarity at higher .temperatures than the 
steel magnet; the heat of boiling Oil was not 
sufficient to injure it. Just below visible igni- 
tioh in the dark they lost their polarity^ but 
£tom tiiat to a temperature a little ^ 

ing very'duD ignition, they acted as soft iron 
woidd do, and then suddenly lost that |^er 
also. Thus the loadstone retrined its pdariiy 
longer than the steel magnet, but lost its capa- 
bility of becoming a magnet by induction milich 
sooner. When magnetic polarity was given to 
it by contact with a magnet, it retained this 
power up to the same degree of temperature as 
lhat at which it held its fixst and natural 


magnetism. 5 ^ ^ . 

A very ingenious magnetizing process, in 
which electrc^magnets and a high temperature 
ate used, has been proposed lately by M. 
AimA^ I am not acquainted with the actual re- 
sults of this process, but .it would appear; prob; 
able tibat the temperatiire which decides ^h4 
exhtoice of the polarity, and above whicb idl 
seems at liberty in the bar, is that required. 
Bi^oe probably it will be found that a whi^ 
f to not Ttaote advantageous in the pfocert 
^ a tlanperatdie }u8t above or about that of 
hhOhi^ efl; whibt the latter woidd be thiieh 
as^com^enient ih practiee. The<mly theoret^ 
for iommend^ at Mg^ ttoip^ 
to indu^^ b^h <he hardMng 
ffie'p^ariii^ degrees in the same process; 
Ml it douMid whether these are so 

'HSBmSM- as to give any advantage in'pra^ 

it may be to coa^ 
process above the depolarising 

H^Djwntvuiros 

* CUM. d 4$ p. 


aelm«ftktM4kd$tAdii^diuiiyael^ i 
An idea Idutt tte iBcWbi iroubi b« att 0Af> 
aetio if xaade exftteaad), ooid« aa they ant w 
iion>io«g&eitiB if above a certaia teiiipenutia% 
vae put forth in Manb 18 SS/ and aome eiperir 
meats trate made, in whieh •evwal irare eoioied 

aalowiie —60 or —70* Eabr., but 'without ao- 
quiring magnetio powenu It inH afterwudi 
noticed^ that Betthier had aaid, that beayeii 
irem, eobaU, and nidml, mtmpomw oiw paMt*»> 
w inotpietio /(tree beneath a onteut depnm qf 
perahire, much below sero. Having bad iaet hiby 
the opportunity of worMog with M. Tliilorier*e 
beautiM apparatus {cv giving bo<ii the liquid 
and the sc^d state to carbonie aoid gaa, I was 
anxions to aaoertaia what the extraca^ l«y 
temperature procurable by its means would 
effect witii regard to the mapietio poweta of 
metals and other subatanoes, espedally with 
relation to manganese and col^t; and notbOv- 
ing seen any account of similar trials, I send 
the results to the Phtlosophfeol Mapatme (If it 
please the Editors to insert them) as an appear* 
dix to the two former notices. 

The substances were cooled by immersion in 
the mixture of ether and solid carbonic ack^ 
and moved tither byplatinum wiresattadied to 
them, or by small wooden tongs, also oooled. 
The tmperature, according to TMorier, would 
be about 112* below 0* of Fahrenheit. The test 


of magnetic power was a double astatic needl^ 
each of tiie two constituent needles b^ngsmaS 


and powerful, so that the whole system wag 
'very sensible to any substance capaUe of baw* 
ing magnetusn induced in it when brou^t near 
one of tiie four poles. Great care was required 
aUd was taken to avoid the effect of the dowBh 
ward current of air formed by the cooled body; 
very titin plates of mica being interposed in 
most important eases. 

The fr^eWing metals gave dot indioatiens sH 
any tnagnetic potier whfiti tims ceded ib 
-lirFahr. 


Autimony 


Pstuuilugi 

'rifMa' 

raIVSS 

■w, 
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A ftoee of inttallle niangaa^ iplm 1i6 stt 
by Mr* Ehroiott waa voiy sl^tly m 
polar temperatures. It 1^6 not more 

magnetic when coded to the lowest degree. 
Hence I belleve tbe statement with regard to 
ite acquiring such powers under sudi circum<^ 
stennes to be inaccurate. Upon very caieful 
animation a luece of iron was found in the piece 
of metal, and to that 1 think the magnetic 
Jnpp^rty which it possessed must be attributed. 

I was very car^l in ascertainmg that pure 
eobaU did not become magnetic at t^ very low 
tempemture produced. 

The native alloy of iridium and osmium, and 
dso crystals of titanium, were found to be 
slightly magnetic at common temperatures; I 
believe because of the presence of iron in them.^ 
Being cooled to the lowest degree they did not 
^ present any additional magnetic force, and 
therefore it may be concluded that iridium^ os- 
mtmm, and titanium may be added as non-mag^ 
netic metals to the list already given. 

Carbon and the following meti^c combina- 
tions were then experiment^ upon in a similar 
manner, but all the results were negative: not 
one of the bodies gave the least sign of the ac- 
quirement of magnetic power by the cold 
applied. 

1. Carbon 

2. Hsematite 

1 See Dr. WoUaeton'e paper on this subjeot, FM2. 
2Vcm«., 1^3, Fart II, or PkU* Mag*t First Series, 
Vot. tXin, p. 16.— Bn. 


а. FMmddeef leiai ' : 

4* antimony 

5. bismuth 

б. Whitoaisenic 

7. Native oxide of tin 

8. mangaiMMe 

9. Chloride of silver 

10 . lead 

11. Iodide of mercury 

12. Galena 

13. Realgar 

14. Orpiment 

16. Dense native cinnabar 

16. Sulphuret of tilver 

17. copper 

18. tin 

' 1!9. bismuth 

20. antimony 

21. Protosul. iron cr. 

22. anhydrous^ 

The carbon was the dense hard kina obtained 
from gas retorts; the substances 3, 4 5, 0, 9, 
10 , 11, and some of the sulphurets b^n 
first fused and solidified; and all the bodies were 
taken in the most solid and dense state which 
they could acquire* 

It is perhaps superfluous to add, except in 
reference to ^eots which have been supposed 
by some to occur in northern latitudes, that 
the iron and nickel did not appear to sijd^er any 
abatement of their peculiar power when cooled 
to the veiy lowest degree. 

Boyd Institution^ February 7, 1839 


' On the Physical Lines qf MayneHc Force 

Royal iNsrirunoN PBocmoniNOS, Jum 11, 1852 


Ok a former occasion certain lines about a 
berimagn^ were described and defined (bring 
times which are depicted to tiie eye by the use 
of iron filings sprii^ed in the nri^teurhood 
of the ma^^), and were reoommmided as 
expressing accuiatriy the nature, condition, 
dimction, and gnidunt of the force in any given 
region rither vrifik or outride of the bar. At 
tiiat time lines were conrideted In the ab- 
atrant. Wit^odi cfcpaiting from unsettHng 
anytMi:ig then saidi tiie inquiry Is now en- 
tered upon of the posrible and prohable physi- 
ad exidenoe of suc^ fines. Those who rrish to 
jM9nri«te>ihs diSsrent bekmging to 
.tiiese psrto of, srie nc e may rrijsr to 

;|il^ n.’«Mra lift fHU. .IVoM. 


for 1862* for data concerning the repnmUSut 
linea of force, and to a paper in the Pkil,Mag^ 
Mh Serin, 1^, Vol. Ill, p. 401, for the arga- 
ment reapecting the fihytCni lines of fcsroe. 

Many powi^ra act mimifeetly at a dutane^ 
thdlr idiymoat nature is inoompiAena&ile 
ua: we may ienru much timt ia nftl 

poutive about than, and amongat otjbft thi|^ 
apmetbingiiflhe eonditionof fiifti|>a(ie 
tW body iwtitig.aad that adied rqioo, ^ 
IftMu two pu^uahy aet^ bod^ 
powers are iMwaented to ua by 
of gra^y, Ii(^t, deotricity, nugnetina, Ac. 
Theae whte entdoed wffl fow‘1e !pM^ 

reiporipd^ dif^tmmee in rehdjau to &alr ^ 







aiimm; wd a* tkie 

Ifaat establidi irfred 

cal lines mscnae m^ win {sdlitsle thetsoch 
sidmtioiL of the (|imtkm as applied espedaliy 
toms^tism. 

When ttiro bodies^ «, 6 , gravitate towards 
each other^ the line in which they act is a 
straight line, for sudi is the line which rather 
would Mow if free to move. The attractive 
force is not altered, rather in direclion or 
ofimnli if a third body is made to act by gravi* 
tation or otherwise upon either or both of the 
two first. A balanced cylinder of brass gra>n[- 
tates to the earth with a weight exactly the 
same, whether it is left like a pendulum freely 
to imng towards it, or whether it is drawn aside 
by other attractions or by tension, whatever 
the amount of the latter may be. A new gravi- 
taling force may be exerted upon a, but that 
does not in the least affect the amount of power 
which it exerts towards b. Wehaveno evidence 
that time enters in any way into the exercise of 
thk power, whatever the distance between the 
acting bodies, as that from the sun to the earth, 
or from star to star. We can hardly conceive of 
this force in one particle by itself; it is when 
two or more are present that we comprehend 
it: yet in gaining this idea we praoeive no dif- 
ferraice in the character of the power in the 
different particles; all of the same kind are 
equal, imAud, and alike. In the case of gravita- 
tion, no effect which sustains the idea of an in- 
depraident or physical line of force is presented 
to us; and as far as we at present know, the line 
of gravitation is merely an ideal line represent- 
ing the direction in widcb the power is exerted. 

Take the sun in relation to another force 
whidi it exerts upon the earth, namely its il- 
luminatmg or warnuxig powra*. In this case rays 
(which are lines of force) pass across the inter- 
mediate €paoe; but then we may affect these 
Hnesby different media applied to them in their 
oourse* We may alter thdlr direction either by 
ineflection or re&action; we may make them 
pmraie curved or courses. We may cut 

ttoneff at their origin and then search for and 
find them before they have attained their ob- 
jecd* 3bcy have a relaticm to fime, and occupy 
Hiipbitttefi in fmm the sun to tite earth; 

so tiiat they may esdst independently either of 
fimir snuroe or tiiw home, and have in 
Ipuet acleatr dietinet physioal existence* are 

temttieme centiestw^ the Uneaof gra^ 
hm pew in tins 1 ^^ 

Tip two iMxlim tennin^ 


ing force m alSm b their aelMs in 
speet, and so the Ibe jobbg them has Hbpra- 
li^ons b both directions. The two boefies at 
the terminals of a ray are utterly unlike b bxh 
tion; one is a source, the other a destroyer of 
the Une; and the Une itself has the reia^m irf a 
stream fiowbg b cme ^reotioni^ In these tire ^ 
oases of gravity and radbtion, tile diffraeiide 
between an abstract and a phyiieallbecl force 
is immedbtely manifest. 

Turning to the case of etoHe dedribUy we 
find here attractions (and other actions) at a 
distance as b the former cases; but whm we 
come to compare the attraction witii that ai 
gravity, very strikmg distinctiemB are preeraitr 
ed whM mmaedbtdiy affect the ques^n of 4 
ph 3 rBical line of force. In the first place, when 
we examme the bodies boundbgor termiWbg 
the Ibes of attraction, we find them as before, 
mutually and equally concerned b the action; 
but they are not alike: <m the contrary, thou^ 
eadii is endued with a force which speal^ gen- 
erally is of the like nature, still they are bsu(h 
contrast that their actions on a third body b a 
state like either of them are precisdiy tl^ re- 
verse of each other — ^what the one attracts the 
other repels; and the force makes itself evident 
as one of those manifestations of power endued 
with a dual and antithetical coition; Now 
with all such dual powers, attraction cannot 
occur unless the two conations of force me 
present and in face of each other through the 
Imes of force. Another essential limitation b 
that these two conditions must be exactly equd 
in amount, not merdy to produce tiie effects of 
attraction, but m every other case; fra* it is im«- 
poBsible so to arrange things that there shall be 
present or be evolved more eleetric power of 
the one kind than of the other. Another limita- 
tion is that th^ must beb ibyshsal rdation to 
ratch other; and that when a positive mid 4 
negative d^trified surface are timsassodated^ 
we cannot cut off this rdation exe^t by brans- 
ferrmg the forces of these sorfao^ to equal 
amounts of the contrary forces provided ebW' 
whezo* Another Ibutation is that the power b 
definite b amounts If a ball a be ehai^ wl^ 
lOof podtivedectibity,itmay beimt^ 
with that amount of powrar on 
charged with 10 ofnegatbeelectrkd^;bt^^^^ 
idbspowra^be takenup by athhd bidlsNhliiC^ 
with negative dsetiicity, tbb it cam ra# 
with 5 of \pQwer on ball a, and tibt - 

find or evolve 5 of podtive power eisBwhsMS 
this is qmtoonlilm what ocean with a 

l»w that presentoim wilhnottkiagd^ 
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eumd iinieft^ If a tsdl be eteetrified positiivdy 
bnd fbiiiitlated in the air, and a h)andnGfc0taiIie 
plate be pteeed about 12 or 15 inches off ; facing 
It and unmsulated, the latter will be foundy by 
the necessity mentioned above, in a negative 
'Addition; but it is not negative only on the 
ektei faicing the ball, but on the other or outer 
iaee aiso, as may be shown by a carrier applied 
there, or by a strip of gold or silver leaf hung 
against that outer face. Now the power affect- 
ing this face does not pass through the unin- 
aulated plate, for the thinnest gold leaf is able 
to stop the inductive action, but round the 
edges of the face, and therefore acts in curved 
lines. AH these points indicate the existence of 
phydcal lines of electric force: the absolutely 
essential relation of positive and negative sur- 
faces to each other, and their dependence on 
oach other contrast^ with the known mobility 
of the forces, admit of no other conclusion. The 
action also in curved lines must depend upon a 
ph 3 r 8 iGal line of force. And there is a third im- 
portant character of the force leading to the 
same result^ namely its affection by media hav- 
ing different; specific inductive capacities. 

When we pass to dynamic dectricity the evi- 
dence of physical lines of force is far more 
patent. A voltaic battery having its extremi- 
ties connected by a conducting medium has 
what has been expressively call^ a current of 
/oroe running round the circuit, but this cur- 
lent is an axis of power having equal and con**' 
trary forces in opposite directions. It consists 
of Hnes of force whidi are compressed or ex- 
panded according to the transverse action of 
the conductor; which changes in direction with 
the form of the conductor, which are found in 
eveiy part of the conductor, and can be taken 
out from any place by channds pioperly ap- 
pdbted for the purpose; and nobody doubts 
SoBBt they are (ihysic^ lines of force. 

, iSnally as regards a magnet^ which is the ob- 
jeetof the present discourse. A magnet presents 
a system of forces perfect in itself, and able, 
tiierefore, to eaist by its own mutual relati<ms. 
It;faas the dhaland hntithetie Gharacto* bdoug- 
ingtobotb atatle^and dynamic electricity; and 
tfaiiismadK^ipsmifeiri^l^whata^ 
iei£es,Le.;byt^p|Kirite{K7W^ 

1 st and towards tb extremities^ These poweia 
are found to be absolntdy equal to eaeb^otber; 
hue cennot be , twanged in any d^ree as to 
amount WStbout an equal <ftuuige of the other; 
tins fo true wlnem tii04^)potite polarities of 

but to 


the clarities of nkognetSi Tlie potarities^ 
or the nerbaem Slid scmtt 
notmdy related to baeh otiier/lirough^^vrfi^ 
in themagnpet itsrif, belt timy ab also 
externally to opposite polarities (in the manner 
of statit electricmduction) or they cannot nx- 
ist; and thit external relation involves knd 
necessitates an exactly oqual amount of the 
new op^iositie polarities to which those of the 
magnet are rcbted. So that if the force of a 
ma^et a !s related to that of another magnet 
6, it cannot act on a third magnet c without be^ 
ing taken off from 6, to an amount proportion- 
al to its action oh e. The lines of magnetic force 
are shown by the moving wire to exist both 
within' dnd outside of the magnetj; also they 
are shown to be closed curves pai^ng in one 
part of their course through the nmgnet; and 
the amount of those within the ma^et at its 
equator is exactly equal in force to the amount 
in any section including the whole of those on 
the outside. The lines of force outside a magnet 
can be affected in their direction by the use of 
various media placed in their course. A magnet 
can in no way procured havingonly onemag- 
netism, or even the smallest excess of northness 
or southness one over the other. When the 
polarities of a magnet are not related extemah 
ly to the forces of other magnets, thenj they are 
related to each other: i.e., the northhess and 
southness of an isolated magnet are externally 
dependent bn and sustained by each other. 

Now all these facts, and many more, point 
to the existence of physical lines of force ex- 
ternal to the magnets as well as within. They 
exist in curved as well as in straight lines; for if 
we conceive of an isolated stra^ht bar-m^et, 
or more especially of a round disc of steel mag- 
netb»d regularly, so that its magnetic axis shall 
be in one diameter, it is evident that the polar- 
ities must be related to each other exteinaily 
by curved lines cd force; for no straight line can 
at thesame time touch two points havfogm^^ 
ness and southness. Curved lines of foroeean, as 
1 think, only oonsib with i^yrie^ hnes of io^ 
t The pfaenommia exhibit^ by tim moving 
Wire confiam the same conolusba. As tib irisb 
moves across tiie Hnes of force, a currimlf^ 
eleetricity passes or tentfo to^pam tfasm^ 
there bring no mich curmit befope: the 
moved; T& wire when quiescent 
eurrwit; and when it moveC it WIbd 
into whfnb tim magnetic fmeem greater 
or fossv It ma3r:travri in mh; a^cennee 
magnetic nee^ were oanied through the mam 
omim it would to entirely miafhobed 



leranoato tiui Beo^.^efhor it 

Ikfottors mgy beiso airaAgi^ ti^ the 
viifin iBtffl sl^alllia^e the adinediamagDdtio loroe 
as tiie mdiucmau]^ theiadagneti aad m 
in no way cause <&turlmce of the liaes of force 
paesitkg through both; and yet when wire 
BK^ves^a^mnoi^ofdeotridty shaU gen 
in it* The i^re fact of motion cannot have ^xro* 
duced this current : there must have been a state 
or condition around the magnet and sustained 
by it, withm the range of which the wire was 
placed; and this state shows the physical con- 
stitution of the lines of magnetic force. 

What this state is, or upon what it depends, 
cannot as yet be declared. It may depend upon 
<he ether, as a ray of light does, and an associa- 
ticm has already been shown between light and 
imgnetism. It may depend upon a state of ten- 
sion, or a state of vibration, or perhaps some 
otiier state analogous to the electee current, to 


which tito^inagiieliclt^^ 
lated* Whether it of nsoesaity leqpoires m^^ 
for its sustentation will d^nd upon what is 
understood by tihe term mattm*. If thi^is to^ha 
confined to ponderable or gravitatingsubiiteiic^ 
es, then matter is not essential to the pli^ynoal; 
lines of ma^etic force any more. than to:a.xa(y 
of lig^t or heat; but, if in the aaBumption cl ah 
ether we admit it to be a species' of matter^ 
then the lines of force may dep^ upon some 
function of it* Experimentally mere space is 
magnetic; but then the idea of such mere^spaoe 
must include that of the ether, when one is 
talking on that belief; or if hereafter any otW 
conception of the state or condition of cypaoii 
rise up, it must be admitted into the view 
that, which just now in relation to experiment 
is called mere space. On the other hand it is, | 
think, an ascertained fact, that pondmabjo 
matter is not essential to the existence of phys^ 
cal lines of magnetic force. 


Observations on the Magnetic Force^ 


Inasmuch as the general considerations to be 
brou^t forward have respect to those great 
forces of the globe, exerted by it, both as a mass 
and through its particles, namely magnetism 
and gravitation, it is necessary briefly to 
recall certain relations and differences of the 
two which have been insisted upon on former 
occasions. Both can aGj||(at a distance, and 
doubtless at any distance; but wliilst gravita- 
tion may be considered as simple and unpdar 
in its rations, magnetism is dual and polar* 
Hmice one gravitating particle or system can- 
not be conceived to act by gravitation, as a 
particlo or system, on itself; whereas a mag- 
notio particle or system, bemuse of the dual 
imture of its force, can have such a self^rela^ 
tkm. Again, either pdarity of the ma^i^c 
force can act ather by attrition or repi^on; 
and not merely so, but the jcmit or dual action 
of a magnet can act also either by attraction or 
nspidriwi as in the case of paramagnetic and 
diamai^etio bodies: the action d gravity is 
of attraction. As a further conse- 
quence of the difference in character of the pow- 
Mi,, fitife or no doubt was entertained regard- 
exij^enee of physical Unes^ of forcO^ in 
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the cases of dual powers, as electricity and mag? 
netism; but in respect of gravitation the con? 
elusion did not seem so sure* In referencoAo 
the growing magnetic relations of the sun and 
the earth, it is well to keep in mind Ara»’# 
idea, of the rdative magnitude of the two; 
supposing that the centres of the two . ^cbet 
were made to coincide, the sun^s body ^mll4 
not only extend as far as the moon, but 
as far again, its bulk being about seven tiiMi 
that of a globe whidbi should be girdled by thq 
moon’s orbit. , , ^ i 

For l^e more caireful study of the magneli|Bi 
power, a toisicm balance has been 
of a particular kind* The torsion wire was?^ 
hard drawn platinum, 24 indies in lengtit^/Sm 
of such diameter that 28«5 indies wd^edoM 
gram. It was attached as usual to a toniim 
head and index. The horisontal beam was q 
small glass tube tenninated at tiie object end 
by a i^.hook* The objects to be submitted 
to the magnetic force were dtimr 
glass with a filament drawn out from eadb,iits 
as to makealong stiff hook fcHrsmqiensiosi fiw 
the beam; or cylindrical bulbs of glasSj 
shape, but larger size, formed outuf daas fete; 
or other mati^ers. The fine tubuliur extoeprities 
of the bulbs being opened , the way tisrougb vni 
free from end to end; the bulbs eotlU thenbe 
fiUed with ai^ fluid or gas» seated, ^end bn 
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«d»ixutted mflay times m suoce^ 
oetic force. Ilie source of power employed was 
at first a large electro-magnet; but afterwards, 
in order to 1^ certain of a constant power, and 
for tibe advantage of allowing any length of 
time for the observations thegreat magnet, con- 
structed by M. Logeman upon the principles 
developed by Dr. Elias (and which, weighing 
above 100 lbs., could support 430 1]^. accord- 
ing to the report of the Great Exhibition Jury), 
was purcha^d by the Royal Institution and 
used in the inquiries. The magnet was so ar- 
ranged that the axis of power was 5 inches be- 
low the level of the gkuss beam, the interval 
being traversed by the suspension filament or 
hook, spoken of above. The form and position 
of the terminations of soft iron are shown in 
plan by the diagram upon a scale of }{o, and al- 
so the place of the object. All this part is en- 
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closed in the box which belongs to and carries 
the torsion-balance, which box is governed by 
six screws fixed upon the magnet table; and as 
both the box and the table have lines and scales 
marked upon them, it is easy to adjust the for- 
mer on the latter so that the beam shall be over 
and parallel to the line a, e, with the point of 
suspension over c; or, by moving the whole box 
parallel to itself towards m, to give the point of 
suspension any other distance from the angle 
c. As already said, the objects were construct- 
ed with a suspension fikjment of such length as 
to make them coincide in height with the angle 
in the magnetic field. When suspended on the 
beam, they were counterpoised by a ring or 
rings of lead on the farther arm of the beam. 
Time when required were moved along the 
beam untfi the latter was horizontal; and that 
state was ascertained by a double arm sup- 
port, which sustained the beam when out of 
use, farous^t it into a steady state when mov- 
ing, and delivered it into a condition of free- 
dom when required. The motion of the box to 
file ri^t or left, so as to place the object in the 
middle of the magnetic angle, was given by two 
of the screws before spoken of; the motion to 
the giv^ distance from c, by the other four. 

Suppcxdng the distance from e towards m to 
be adjusted to 0.6 of an in^ when the beam 
was l^ed above, imd no ol^ect before the 
(the bwn having been of course pre- 


viously adjusted to its nosmal position and fiie 
torsion index placed at zero), it then remained 
to determine &e return of the beam to its place 
wh^ the object had been suspended on it and 
repelled: this was done in the following man- 
ner. A small plane reflector is fixed on the beam, 
near its middle part, voider the point of sus^ 
pension; a small telescope associated with a di- 
vided scale is placed about 6 feet from the ra- 
fleeter, and in such a position that when the 
beam is in its right place, a given degree in the 
scale coincides with the fine wire in the tele- 
scope. Of course the scale appears to pass by 
the wire as the beam itself moves, and with a 
double anspilar velocity, because of reflex- 
ion. As il & easy to read to the fiftieth and even 
to the hundredth of an inch in this way, and as 
each degree occupies apparently 2.4 inches with 
the radius of 6 feet, so an angular mption, or 
difference of ><4oth of a degree coula be ob- 
served; and as the radius of the arm of the 
beam carr3dng the object was 6 inches,' such a 
quantity there would be less than ^oooth of an 
inch; i.e., the return of the beam to its first or 
normal position by the torsion force put on to 
counteract the repulsion, could be ascertained 
to within that amount. When an object was 
put on the adjusted beam, if diamagnetic it 
was repelled; and then, as the observer'sat at 
the telescope, he, by means of a longiiahdle, a 
wheel and pinion, put on torsion until the place 
of the beam was restored; and afterwards the 
amount of torsion read off on the graduated 
scale became the me|6ure in degrees of the re- 
pulsive force exerted. At the time of real obser- 
vations, the magnet, balance, and telescope 
were all fixed in a basement room, upon a stone 
floor. But it is unnecessary to describe here the 
numerous precautions required in relation to 
the time of an observation, the set of the sus- 
pension wire by a high torsion, the possible 
electricity of the object or beam by touch, the 
effect of feeble currents of air within the box, 
the shape of the object, the precaution against 
capillary action when fluids were employed as 
media, and other circumstances; or the use of 
certain stops, and the mode of procedure in the 
cases of paramagnetic action; the object being 
at present to present only an iatdffgent view 
of the principles of action. 

When a b^y is submitted to the power of a 
magnet, it is affected, as to the result, not 
ly by the magnet, but also by the medium sur- 
Foundingit ; and evenif that medium be changed 
for a vacuum, the vacuum and the body atiU 
are in like relation to each other. In fact file 
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result is alwa3^ differantial; any ^ihange in ihn 
jxiecttm ohaiiges the actioB on the object^ and 
there are abundanee of substances which when 
surrounded by air are repelled, and when by 
water* are attracted, upon the approach of a 
magnet. When a certain small glass cylinder 
weighing only 66 grains was submitted on the 
torsion-balance to the Logeman magnet sur- 
rounded by air, at the distance of 0.5 of an indi 
from the axial line, it required 15® of torsion to 
overcome the repulsive force and restore the 
object to its place. When a vessel of water was 
put into the magnetic field, and the experiment 
repeated, the cylinder being now in the water 
was attracted, and 54®.5 of torsion were re- 
quired to overcome this attraction at the given 
distance of 0.5. If the vessel had contained a 
fluid exactly equal in diamagnetic power to the 
cylinder of glass, neither attraction nor repul- 
sion would have been exerted on the latter, and 
therefore the torsion would have been 0®. Hence 
the three bodies, air, glass (the especial speci- 
men) , and water, have their relative force meas- 
ured in relation to each other by the three ex- 
perimental numbers 15®, 0®, and 54®.5. If other 
fluids are taken, as oil, ether, &c., and em- 
ployed as the media surrounding the same glass 
cylinder i then the degrees of torsion obtained 
with each of them respectively, show its place 
in the magnetic series. It is the principle of the 
hydrometer or of Archimedes in respect to grav- 
ity applied in the case of the magnetic forces. 
If a dMerent cylinder be employed of another 
size or substance, or at a diflerent distance, the 
torsion numbers will be different, and the zero 
(given by the cylinder) also different; but the 
media (with an exception to be made hereafter) 
will have the same relation to each other as in 
the former case. Therefore to bring all the ex- 
perimental results into one common relation, a 
Centigrade scale has been adopted bounded by 
air and water at common temperatures, or 60® 
F, For this purpose every separate series of re- 
sults made under exactly the same circum- 
stances included air and water; and then all 
the results of one series were multiplied by such 
a number as would convert the difference be- 
tween ^ and water into 100® : in this way the 
ihiea results given above become 21®«6, 0®, and 
By such a process the magnetic intervals 
between the bodies are obtained on the Centi- 
gradsscale, but the true zero is notasyetdeter- 
ixuned. Either water, or air, or the gkiss, may 
be assumed as the zero, the intervi^ not being 
ii^ any way dependent upon that point, but the 
^itsults wifl then vary in expression t^ 


Air U® 21®J 100® 

Glass 21®.6 0® 78®.4 

Water 100® 78®.4 0® 

all above the zero being paramagnetic, and all 
below diamagnetic, in lelation to it. I have 
adopted a vacuum as the zero in the table ot 
results to be given hereafter. 

In this manner it is evident that, upon prin^ 
ciple, any solid, whatever its size, shape, or 
quality, may be included in the list, by its sub- 
jection to a magnet in air and in water, or in 
fluids already related to these: also that any 
fluids may be included, by the use of the same 
immersed solid body for them, air and water; 
and also that by using the same vessel, as for 
instance the same glass bulb, and filling it suc- 
cessively with various gases and fluids, includ- 
ing always air and water in each series, these 
included bodies may then have their results re- 
duced and be entered upon the list. The follow- 
ing is a table of some substances estimated on 
the Centigrade scale, and though there are 
many points both of theory and practice yet to 
be wrought out, as regards the use of the tor- 
sion-balance described, so that the results can 
only as yet be recorded as approximations, ev^ 
now, the average of three or four careful exper- 
iments gives an expression for any particular 
substance under the same conditions of dis^ 
tance, power, &c., near upon and often within 
a degree of the place assigned to it. The powers 
are expressed for a distance of 0.6 of an ineh 
from the magnetic axis of the magnet aa ar- 
ranged and described, and, of course, for equal 
volumes of the bodies mentioned. The extreme 
decimal places must not be taken as correct, 
except as regards the record of the experi- 
ments: they are the results of calculatkm. 
Hydrogen, nitrogen, and perhaps some other of 
the bo^es near zero, may ultimately turn out 
to be as a vacuum; it is evident that a very 
little oxygen would produce a difference, sudS 
as that which appears in nitrogen gas< The 
first solution of copper m^tion^ was colour^ 
less, and the second the same solution oxidized 
by simple agitation in a bottle with air, the 
copper, ammonia, and water being in both the 
same. 

Prot-ammo. of copper ld4®.23 

Per-ammo. of copper 119®.88 


Oxygen X7®.5 

Air 8®.4 

Olefiant gas Q\6 

Nitrogen 0^8. 

Vacuum O®.0 
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Carbonic acid gas 

(r.o 

Bydrogen 

OM 

Ammonia gas 

0^6 

Oyanogen 


A glass 

18°.2 

Pure zinc 

74«.6 

Ether 

75‘‘.3 

Alcohol, absolute 

78®.7 

Oil of lemons 

80* 

Camphor 

82*.59 

Oamphine 

82*.96 

line^oil 

85*.56 

Olive oil 

86*.6 

Wax 

86*.73 

Nitric acid 

87*.96 

Water 

96*.6 

Solution of ammonia 

98*.5 

Bisulphide of carbon 

99*.64 

Sat. sol. nitre 

100*.08 

Sulphuric'acid 

104*.47 

Sulphur 

118* 

Chloride of arsenic 

121*,73 

Fused borate of lead 

136*.6 

Phosphorus 

Bismuth 

1967*.6 


H&cker in fais very valuable paper^ has dealt 
Vfith bodies whidi are amongst thehigbly para- 
magnetiic substances, and fais estimate ci pow- 
er & made for equal weights. 

< One great object in the construction of an 
instrument delicate as that described was the 
investigation of certain points in the pfailos- 
o{diy magnetism; and amongst them espe- 
e^y that of the right application of the law of 
the inverse square of the distance as ike uni- 
versal law of magnetic action. Ordinary mag- 
netic action may be divided into two kinds, 
that between magnets permanently magnet^ 
' iaed and undiiangeable in their condition, and 
tiiat between bodto of which one is a perman^ 
eat oachangeaUe magnet, and the other, hav- 
ing no magnetic state of its own, receives and 
retains its state only whilst in subjection to the 
first The former Idnd of action appears in the 
labst li^d and pure eases to be subject to that 
but it wotdd be pemature to assume be- 
and without abundant sufficient ev- 
idifmce, the same 1^^ appUes in the second 
setof ea^i^; for a budijr assumption ni^ 
be in oj^podtion llxe ^th of nature, and 
ttoeCore injurious to the progress of science, 
% fixe creation of a preconceived conclusion. 
We know not whether 0 U<^ bodies as oxygen, 

ilhrte** SeiimHfie Mmnoittt VoL V, pp. 718, 

■> 


fivepegamafenctkafiddfai^^ 
a greater or less facffity of odndusfimi iniegjai^ 
to the Itoes of magnetic force, or to somethloig 
like a polarity of their particles or masses, or to 
some as yet unsuspected state; and thmre is Kt- 
tie hope of our'developng the true condition; 
and therefore the cause of ma^etie action; if 
we assume beforehand the unproved biwirf ac* 
tion and reject the experiments that aheady 
bear upon it; for Pltlelmr has distinctly stated 
as the fact, that diaanagnetic force increases 
more rapidly than magnetic force, whmi the 
power of the dominant magnet is increased; 
and such a fact is contrary to the law above 
enundat|^.The following are further results 
in rdatioh to this point. 

When a body is submitted to the ^rest un-* 
changing Logeman magnet in air and in water, 
and the results are reduced to the Centigrade 
scale, the relation of the three substances re- 
mains the same for the same distance, but not 
for different distances. Thus, when a giv^ 
inder of flint-glass was submitted to the mag- 
net surrounded by air and by water, at the dis- 
tance of 0.3 of an inch, as already described, it 
proved to be diamagnetic in rel^ion to both; 
and when the results were corrected to the Caa- 
tigrade scale, and water made zero, it was V’.l 
bdow, or on the diamagnetic side of wafor. At 
the distance 0.4 of an inch it was 10^.6 bdbw 
water: at the distance of 0.7 it was 12^.1 below 
water. Wh^amore diamagnetic body, asheavy 
glass, was employed, the same result in a high- 
er degree was obtained ; for at the distance of 
0.3 it was 37^.8 below water, and at that of 03 
it was 48*'.6 beneath it. Bismuth presented a 
still more striking case, though, as the vdmne. 
of the substance was necessarily small, equal 
confidence cannot be placed in the exactitude 
of fixe numbers. The remits are given below for 
the three substances, air being ^ways lOO^and 
water (f; the first oolunm of figures iot each 
substance contains the distanced in tenthsof an 
indi from the axial line of the magnetic fifid; 
and the second, Jbe pkcein Cent^cademai^ 
netic degrees bdow water. 

given diaamjof.dista&ea 

ohangs m degraa of foree, and diaiuttm the fonpa cC 
the lines of fme; but it does not ^pty alwe^fiMr 
saweaxnoupt of change* Theiorcea are.noft the igittl 
at the aame dietanoe of 0.4 of an inch in qptKmfo 
rectionB froxu the aadat line towards th and n m tiif 
figure, page 820, nor at any otihar equal moteafo 
distance; and though fay increase and dtxnmution m 
dietanoe the change is in the same direction; it Is not 
ih the same proportion. By fitly amamed ^tenataiA*' 
tiona, it may no made to alter with estnnne capiditv. 
in one direction, and with extreme elowiims cr m A 
all in another. ' ^ ^ 
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Tbe result here is that the greater the dis- 
tauoe of the diamagnetic body from the mag-* 
net tiue more diami^etio is it in rdatbn to 
water, taking the interval between water and 
air as the standard: and it would further ap- 
pHSar, if an opinion may be formed from so few 
experiments, that the more diamagnetic the 
body compared to air and water, the greater 
does this difference become. At first it was 
thoui^t possible that the results might be due 
to some previous state induced upon the body, 
by its having been nearer to or farther &om 
t^ magnet; but it was found that whether the 
progress of the e^riments was from small to 
large distances, or the reverse; or whether, at 
any given distance, the object was previous 
to the measurement held close up to &e mag* 
net or brought from a distance, the results 
were the same; no evidence of a temporary 
induced state could in any of these ways be 
found. 

It does not follow from the experiments, if 
they diould be sustained by future researches, 
that it is the glass or the bismuth only that 
changes in relation to the other two bodies. It 
may be the oxygen of the air that alters, or the 
water, or more probably all these bodies; for if 
^ result be a true and natural result in these 
cases, it is probably common to all substances. 
Tha great point is that the three bodies con- 
ceded, air, water, and the subject of the exper- 
imdt, alter in the degree of their magnetic re- 
lations to each ether; at different givendistances 
from the magnet the ratio of their nwgaetie 
power does not, according to the experiments, 
repain the same; and if that result be oon&mr 
e4^^il^<^annot be includedby a lawof action 
vMeh iB inversely as the square of the distance. 
A hydrometer floating in a fluid and subject to 
the gravity of the earth sdone, would (other 
the same) stand at the same point, 
ssfamwat the surlaceof the earth, m: removed 
qiany diameters of the earth from it, because 
theiMirfhniofgraidtyisinvers^ 

; #^dhiance;bat if we mippose the substanoeof 
and the fluid to differ magnet- 
and bismuth do, and the earth. 

of by grairityi then* 
Achydrometer would, aeeorciing to the eaqQer> 


iments, starMi a ^ 

distances, and if so be aubieet 

fom^law. '/-r 

The cause of this variationin the ratiool thak 


substasM^onetoanQther,ifithefinally proved]^ 
has still to be seardbted out.^ It may depetid in 
some manner upon the f&ma of the Unes cd ' 
magnetic force, which are different at d^ferertt 
distances; or not upon the farms of the lineSi 
but the amount of power at the dxSeimt dhh 
tances; or not upon the mere amount, but on 
the circumstance that in every case the body 
submitted to experiment has lines of 
de^eee efferce passmg throi^ diff^ent parts 
of it (for however different the magnetic or diair^ 
magnetic conditions of a body the fluid 
surrounding it, they woUld not move at aU in 
rdation to each other in a field of equal force) $ 
but whatever be the cause, it wfll be a conconuM 
tant of magnetic actions; and therefore ou^t 
to be included in the results of any law hy 
which it is supposed that these aetikms are 
governed. 

It has not yet been noticed that these geia^ 
eral results appear to be in direct opposition to 
those of Plflcker, who finds that diamagnetio 
power increases more rapidly than magnetic 
power with increase of force. But such a 
cumstance, if both conchisions be accordant 
facts, only shows that we have yet a gzeatdeai 
to learn about the physical nature of this fotee; 
and we must not riiut our eyes to the first lee^ 
ble glimpses of these things, because tiiey am, 
inconsistent on both sides with our assumed ^ 
laws of action; but lather sdze them, as bopeg 
that they will give us the key to the 
nature. Bodies wfa^ subject to the power# 
the magnet appear to acquire a new j&yspal 
state, which varies witii the distance or thi 
power of the magnet. Each body may havs lte 
own rate # increase and decrease,^ and tluds 
may be such as to connect the pdinf^Qae#Bi^ 
of Plflcker, amongst paramagnetic bodm^^ 
the <me hand, andthe extreme effedaam#^ 
diamagnetic bodm now described, on ^ 

mr; and when we, understand all tinsrifi^tl^ WNk ' 
may see ike a|:pirent contradiction beoonsH^V 
hanimny, thoc^ it may not cemfe^ 
law of the inverse square of tlm ; 

flow.tiy to^apijlyit. ^ 'V- 

PUlcto im already saidr beeaiwe#^e^ 


netic force, that no correct list of mfipiMe 
substances can be given. The sameeonseqi^^ 
follows, thou^ in a (Meiaid^di)^ 
what him xhow been st#ed, and 1mm 
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vation before made (p. 821)« Still the former 
table is given as an approximation, and it may 
be useful for a time. Before leaving thk first 
account of recent experimental researches, it 
may be as well to state that they are felt to be 
imperfect and may perhaps even be overturn- 
ed; but that, as such a result is not greatly an- 
ticipated, it was thought well to present them 
to the Members of the Koyal Institution and the 
sdentific world, if peradventure they might ex- 
cite criticismandexperimentalexamination, and 
so aid inadvancingthecauseof physical science. 

On a former occasion^ the existence of phys- 
ical lines of force in relation to magnetism and 
electricity was inferred from the dual nature of 
these powers, and the necessity in all cases and 
at all times of a rdation and dependence be- 
tween the polarities of the magnet, or the pos- 
itive and negative electrical surfaces. With re- 
spect to gravity a more hesitating opinion was 
expressed, because of the difficulty of observ- 
ing facts having any relation to ^tma, and be- 
cause two gravitating particles or masses did 
not seem to have any necessary dependence on 
each other for the existence or excitement of 
their mutual power.^ A passage may now be 
quoted from Newton which has since been dis- 
covened in his works, and which, showing that 
he was an unhesitating believer in physical 
lines of gravitating force, must from its nature 
rank him amongst those who sustain the phys- 
ical nature of the lines of magnetic and elec- 
tricid force: it is as follows, in words written to 
Bentley.** “That gravity should be innate, in- 
herent and essential to matter, so that one body 
may act upon another at a distance through a 
vacuumf without the mediation of anything 
else, by and Ihrough which their action and 
force may be conveyed from one to another, is 
to me so great an absurdity, that 1 bdieve no 
man who has in philosophical matters a com- 
petent faculty of thinking, can ever fall into it. 
Gravity must be caused by an agent acting 
ccmstanriy according to certainlaws ; but wheth- 
er this agent be material or immaterial, I have 
left to the consideration of my readme.” 

On Electric Inducticn-^Associated Cases of 
Cwreni and Static EffecU^ 

CxKTAiN phenomena that have presented 
themselves in the course of the extraordinary 

' t Seep. 816. 

' Magaeine, ^ Seriee, 1852, Vol. 

Wk P. 403 13246). 

• Iwsrtoa s Wcrke^ Horsley’s edildon, 4to, 1788# 
p. 488, or Ihe third ktter to Bentl^. 


expansion which the works of the Electric Tel- 
egraph Company have undergone appeared to 
me to offer remarkable illustrations of some 
fundamental principles of dectricity, and strong 
confirmation of the truthfulness of the view 
which 1 put forth sixteen years ago, respecting 
the mutually dependent nature of induction, 
conduction, and insulation {Erp, Res.f 1318, 
Ac.). I am deeply indebted to the Company, 
to the gutta percha works, and to Mr. Latimer 
Clarke, for the facts; and also for the oppor- 
tunity both of seeing and showing them well. 

Copper wire is perfectly covered with gutta 
percha at the Company’s works, the metal and 
the covering being in evexy part re^lar and 
concentric. The covered wire is usumly made 
into half-mile lengths, the necessary jwctions 
being effected by twisting or binding, and ulti- 
mately, soldering; after which the place is cov- 
ered with fine gutta percha, in such a planner 
as to make the coating as perfect there l|s else- 
where: the perfection of the whole operation is 
finally tried in the following striking manner, 
by Mr. Statham, the manager of the works. 
The half-mile coils are suspended from the sides 
of barges floating in a canal, so that the coils 
are immersed in the water, whilst the two ends 
of each coil rise into the air: as many as 200 
coils are thus immersed at once, and whei their 
ends are connected in series, one great length 
of 100 miles of submerged wire is produced, the 
two extremities of which can be brought into a 
room for experiment. An insulated voltaic bat- 
tery of many pairs of zinc and copper, with di- 
lute sulphuric acid, has one end connected with 
the earth, and the other, through a galvanom- 
eter, with either end of the submerged wire. 
Passing by the first effect, and continuing the 
contact, it is evident that the battery current 
can take advantage of the whole accumulated 
conduction or defective insulation in the 100 
miles of gutta percha on the wire, and that 
whatever portion of electricity passes through 
to the water will be shown by the galvanom- 
eter. Now the battery is made one of intensity, 
in order to raise the character of the proof, and 
the galvanometer employed is of considerable 
delicacy; yet so high is the insulation that the 
deflection is not more than 5^. As another test 
of the perfect state of the wire, when the twtf 
ends of the battery are connected with the two 
ends of the wire, there is a powerful current of 
electricity shown by a much coarser instm* 
ment; but when any one junction in the codrse 
of the 100 miles is separated, the current is 
st(^)p6d| and the teak or deficiency of 
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ticm rend^!^ M small as before. The perfeo- 
ti(Hi Aod conditkm of the^^ire may be judged of 
by these facts. 

The 100 miles, by means of which I saw the 
phenomena, were thus good as to insulation. 
The copper wire was H»th of an inch in diam- 
eter: the covered wire was M#; some was a little 
less, being in diameter: the gutta percha on 
the metal may therefore be considered as 0.1 of 
an inch in thickness. 100 miles of like covered 
wire in coils were heaped up on the floor of a 
dry warehouse and connected in one series, for 
comparison with that under water. 

Consider now an insulated battery of 360 
pairs of plates (4x3 inches) having one ex- 
tremity to the earth; the water wire with both 
its insulated ends in the room, and a good 
earth-discharge wire ready for the requisite 
communications: when the free battery end 
was placed in contact with the water wire and 
then removed, and, afterwards, a person touch- 
ing the earth-discharge touched also the wire, 
he received a powerful shock. The shock was 
rather that of a voltaic than of a Leyden bat- 
tery: it occupied and by quick tapping 
touches could be divided into numerous small 
shocks: 1 obtained as many as forty sensible 
shocks from one charge of the wire. If time were 
allowed to intervene between the charge and 
discharge of the wire, the shock was less; but it 
was sensible after 2, 3, or 4 minutes, or even a 
longer period. 

When, after the wire had been in contact 
with the battery, it was placed in contact with 
a Statham’s fuse, it ignited the fuse (or even 
six fuses in succession) vividly: it could ignite 
the fuse 3 or 4 seconds after separation from 
the battery. When, having been in contact with 
the battery, it was separated and placed in con- 
tact with a galvanometer, it affected the instru- 
ment very powerfully: it acted on it, though 
less powerfully, after the lapse of 4 or 5 min- 
utes, and even affected it sensibly 20 or 30 
mini^fAft after it had been separated from the 
battery. When the insulated ^vanometer was 
permanently attached to the end of the water 
wire, and the battery pole was brought in con- 
tact with the free end of the instrument, it was 
most instructive to see the great rush of dec- 
trieity into the wire; yet after that was over, 
thou^ the contact was continued, the defleo- 
was not more than 5^, so high was the in- 
Bulatton. Then sepm'ating the battery from the 
galvanometer, and toucl^g the latto with the 
eiBM!^ wire, it was just as strildng to see the 
nub out of the wiroi bddtng for a 


time the magnet of the isostrument fo the ie- 
verse direction to that due to the u^ress m 
charge. 

These effects were producedequallywdl with 
dther pole of the battery or with ei^er end of 
the wire; and whether the electric condition 
was conf^red and withdrawn at thesame end, 
or at the opposite ends of the 100 miles, made 
no difference in the results. An intensity bat- 
tery was required, for reasons which will be 
very evident in the sequel. That employed was 
able to decompose only a very small quantity 
of water in a given time. A Grove'^s battery of 
di^t or ten pair of plates, which would have 
far surpassed it in this respect, would have 
had scarcely a sensible power in affecting the 
wire. 

When the 100 miles of wire in the air were 
experimented with in like manner, not the 
shghtest signs of any of these effects wm pro- 
duced. There is reason, from principle, to be- 
lieve that an infinitesimal result is obtainable, 
but as compared to the water wire the action 
was nothing. Yet the wire was equally well and 
better insulated, and as regarded a constant 
current, it was an equally good conduotor.This 
point was ascertained, by attaching the end of 
the water wire to one galvanometer, and the 
end of the air wire to another like instrument; 
the two other ends of the wires were fastened 
together, and to the earth contact; the two free 
galvanometer ends were fastened together, and 
to the free pole of the battery; in tlds manner 
the current was divided between the air and 
water wires, but the galvanometers were 
fected to precisely the same amount. To make 
the result more certain, these instruments were 
changed one for the other, but the deviationa 
were still alike; so that the two wires conduct- 
ed with equal facility. 

The cause of the first results is, upon consid- 
eration, evident enough. In consequence of ^ 
perfection of the workmanship, a Leydeii aiv* 
rangement is produced upon a large scale; the 
copper wire l^omes ch^ged statically with 
that electricity which the pole of the battery 
connected with it can supply;^ it acts by indne^ 
tion through the gutta percha (without yM(k 
induction it could not itself b^ome chaige4 
Exp, Be8,f 1177), producing the opposite stafo 
on the surface of the water touddng the gutta 
percha, which fonnt the outer coating of tide 
curious arrangement. The gutta percha across 
whidi the induction occurs, is only 0.1 of an 
inch thick, and the extent of the coatingisenoi^ 

1 Davy, Eknmie^ChmM PAflotoyAy, p* IM. 
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8300 square feet, and the eta^aee the outer 
eoatittg of water is four times that amount, or 
.83^000 sqwxe feet. Heuee the striking eharac- 
ter of the results. The intensity of the static 
daarge required is only equal to the intensity 
At the pde of the battery whence it is derived] 
Imt its quantity is enormous, because of the 
immense extent of the Leyden arrangement; 
and hence when the wire is separated from the 
battery and the charge employed, it has all the 
powers of a considerable voltaic current, and 
gives results which the best ordinary electric 
machines and Leyden arrangements cannot as 
yet approach. 

That the air wire produces none of these ef* 
fects is simply because there is no outer coat- 
11 ^ correspondent to the water, or only one so 
far remo'v^ as to allow of no sensible indue* 
‘^iion, and therefore the inner wire cannot be* 
come charged. In the air wire of the warehouse, 
the floor, walls, and ceiling of the place consti* 
tuted the outer coating, and this was at a con- 
siderable distance; and in any case could only 
affect the outside portions of the coils of wire. 
I understand that 100 miles of wire stretched 
in aline through the air, so as to have its whole 
extent opposed to earth, is equally inefficient 
in showing the effects, and there it must be the 
distance of the inductric and inducteous sur- 
faces (1483), combined with the lower specific 
indm^ive capacity of air, as compared with 
gutta percha, wM^ causes the negative result. 
The ph^omena altogether c^er a beautiful 
ease of the identity of static and dynamic elec- 
tricity; The whole pow^ of a considerable bat- 
tery may in this way be worked (M in separate 
poxtkm, and measured out in units of static 
libiue^ nnd yet be employed afterwards for any 
or every purpose of voltaic dectricity, 

' Inow proceed to further consequences of as- 
soeiated static and d 3 mamic effects. Wires cov- 
ered iritii gutta percha, and then enclosed in 
tubeS 'Of te^ or of iron, or buried in the earth, 
br.smflc in the sea, exhibit the same phenom** 
mm aa those desmib^ ; the like static inductive 
action bring hi all these cases permitted by the 
eonditioiis« Such subterraneous wires exist be* 
tween London and Hanriiester, and when they 
are bQ connected together so to xsake one 
aeries, nffmr above 1808 nrites; which, as the 
dfqil^thms tet^ Londcm, can be observed 
ene .es^rime^^ at intervals oi about 
the htroduetion of grivanmn- 
efsis at these letmm This wiie, 

Ismsth of^ii» psesented all the phenomena id- 
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lus th^insidlati(m wiwin^ perfect 
condition fril more rapicfly. Conrid^ 7S0 mw 
of the wirepin one Imgth^ a galvaimmeter a be- 
ing at the beginning of the wire, a second gai^ 
vanometer h in the middle, and a third c at ribs 
end: these three galvanometm bring b tiiC 
room vdth the experimenter, and the third e 
perfectly connect^ with the earth. On bimg- 
mg the pole of the battery mto contact wi& 
the wire through tiie galvanometer a, that b- 
strument was bstantly affected; after a sensi^ 
ble time b was affected, and after a stiiMong^ 
time c: when the whole 1500 miles were b- 
riuded, it#equired two seconds for the electric 
stream to reach ihe last bstrument. Agab; afl 
the instruments bebg deflected (of cburse not 
equally because of the riectric leakwe along 
the Ibe), if the battery were cut off & a, that 
instrument instantly fril to aero; but A did not 
fall until a little while after; and c onl]^ after a 
still longer interval; a current flowing on to 
the end of the wire whilst there was none flow- 
bg b at the begbnbg. Again; by a short touch 
of the battery pole agamst a, it could be de- 
flected and could fall back into its neutral con- 
dition, before the riectric power had reached 6; 
which m its turn would be for an instant af- 
fected, and then left neutral before thei power 
had reached c; a wave of force having been 
sent mto the wire which gradually travelled 
along it, and made itself evident at successive 
btervals of time, in different parts of the wire. 
It was even possible, by adjusted touches of 
tiie battery, to have two simultaneous waves 
b the wire, following each other, so that at ^ 
same moment tiiat c was affect^ by the first 
wave, a otb was affected by the second; and 
tiiere is no doubt that the multipHcation of 

instruments and close att^tion, four or five 
mves might be obtained at once. 

If after making and breaJdng battery ooi^ 
tact at a, a be bnnediately connected wi& tito 
earth, then additional interesting ^ects ooooifi 
Pmrt of the electricity which is b the wire wSl 
return, and passbg through a will deflect it b 
the reveiwe dirristimi ; so that currents will Jow 
out botii extremities of wire b opporite 
directions^ whilst no cumnt Is gring in|0 jt 
from any sburce. Or if a be quickly pi^ 16 iiri 
battery and to the ear^, it will ribotr# 
dffxent first entering mto the 
tetoinii^oatp^ thewimattbesanbpliu^^ 
sensible part of it ever tntvdflng ob to 

Whmi an air wave of equal extent is espeii* 
msnted with b I&b maiow/imaariiriMli'te 
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tbm^ guidbd by 

tb^a^rntg^m^ im be eeiupetmg, 

perceived cady m a very slight degree^, 
and disappear in oomparison with ti^ former 
giOBS results. The ifieet at l^e end of the very 
lO^air irire (or o) is in the smallest degree be- 
hiild the at galvanometer a; and the ao* 
cumslationof aehargein the wire is not sensibl^ 
All tiiese results as .to Hme, &c.^ evidently 
depend upon the same eondition as that which 
pr^uced Ihe former effect of static charge^ 
namely UUerol inducHon; and are necessary con** 
sOQuences of the principles of conductioui in* 
sulation, and induction, three terms which in 
^ < their meaning are insepar- 

able from each other (Exp. 
Rea., 1320, 1326, ^ 1338, 1561, 
Ac.). If we put a plate of 
shellac upon a gold-leaf elec- 
trometer and a ^i^ged carrier 
(an insulated metal ball of 
two or three inches diameter) 
upon it, the electrometer is 
diverged; removing the car- 
rier, this divergence instantly 
falls; this is instdation and 
induction: if we replace the 
shellac by metal, the carrier 
causes the leaves to diverge 
as before, but when removed, though after 
the shortest possible contact, the electroscope 
is left diverged; this is conduction. If we 
employ a plate of spermaceti instead of the 
metal, and repeat the experiment, we find the 
divergence pakly falls and partly remains, be- 
cause the spermaceti insulates and also con- 
ducts, doing both imperfectly; but the shellac 
also conducts, as is shown if time be allowed; 
and the metal also obstructs conduction, and 

> 1826. All these considerations imin^ss my , mind 
strongly with the conviction, that msulatIcHti and 
Canary oonduotion cannot be properly separated 
when we are examining into dieir nature: Umt is, 
iiith the general law or laws under which their phe- 
nd«Ma4re produced. They appear to me to consist 
in miSetion of ocmtiguous particles, dependent 
w fmeg developed In electrical excitement: these 
feroeS the parttoles into a state of tonskm or 
nehurity , wwfa constitutes both induction and theu- 
latSn; and being in this state the contiguous parti- 
elea have a power or capability of co mm un i cating 
tbeie loroea, one to the other, by wUeh they are 
lowered .and discharge occurs. Every body appem 
to disoharge (444. 987); but the posseswon of this 
eapgfaUHy in a groeder or omaUor dogr^* m different 
bpdjM, them better or worse conductors, 

wme dr better insulators: and both tnduc^ton and 
appear to be Um si^e in tMr pnnaple 
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rangcBoeote. For if.A eoppor wire, JA ingtiM 
length and of ikaa^ht (tiameter, teio* 
sttlated la ti>e,«ir,.hc«k>g4te 
bail; itsend e,aoBiieeited with the earth, .and 
the parts near m and e hron^t. «itliin;ht^<Mi 
iooh of each other, m at s; then m ordiaaiS! 
L^den jar being diarged suffideid)y, ita oht- 
side connected with e and its inwle widii.it!t; 
will give a dwrge to the wire, whidit instead of 
travelling whdly through it, thou|^ it be so 
excellent a conductor, will pass in fauge pro* 
portion through the air at «, ap a brij^tsptBh; 
for with such a lenjg^ of wire, the todsta^oeln 
it is accumulated until it becomes as miu^,' dr 
perhaps even mcue, tbmi that of the .a&, £w 
electricity of such high intensity. 

Admitting that such arid similar experiments 
show that conduction throngh a wire is ine* 
ceded by the act of induction (1338), then all 
the phenomena presented by the submerged or 
subterranean wires are explained; and in th^ 
explanatom confirm, as I think, the pribriifies 
given. After Mr. IK^eatstone had,, in 1834; 
measured the velodty of a wave of electricitty 
through a copper wire, and given it as‘288,000 
miles in a second, I said, in 1838, upon the 
strengto of these principles (1333), “^;t the 
velocity of discharge through the same toirU 
may be greatly varied, by attending to Ihe cirr 


WM^i lit dw ftif B iM . it oewiw in tiwlMWteNi^ m 
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through spennaceti or sulphur, Tteu, for Ism 
stance, it must vary with Ihe tension w iixtetii^ 
sity of the first urging force, whidi tenri(to.ie . 
charge and induction. So if the two mids of thd 

wirein Professor Wheatstone’sexperimentvfnwd. 

immediatdy connected with two large^inMalwl* . 
ed metallic surfaces exposed to the ah, so that 
the primaiy act (4 induction, aftw nuddog 
contact for di8oharge,might.teia part lAnov^, 
from tiie internal portiim of the trae.>at1hefinii 
instant, and diqxised fw the moment on ito 
surface jointly with. Ihe air and surrouodhil' 
ocmductors, thoi I y^tureitoantic^sito tibhl! 
the middle spmdt wot^ be more retiurded mH ' 
hefcne: «id if these two ^tes were :toe htodp| 
and outer coating of a large jar, or a Lipyied 
battw^, then tim retardaticn si that sp^' 
would he still- gcBat«'.” ^Now this & pmcaad^v; 
the ease of the nibmerged w 
wires, execpt that hffltead of eany^jih^ehs* 
&ceB towards the indueteous coating ;(1488)i, 
the latter are' brought near ^ former; in heilh 
cases tiw indnetioa consequent r^on OmsgSt 
instead of bring exerted almost entir^f-at.^ 
moment w^iin the wjbtoiaJto nvaqr Jaqia..i^: 
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tent ^etenoined externally; Mid m the die^ 
diatite or conduction being caosed by a lower 
tensbn, tiierefore requires a longer time. Hence 
the reason why, with IdOO miles of subterran- 
eous wire, the wave was two seconds in passing 
from end to end; whilst with the same length 
of air wire, the time was almost inappreciable. 

With these lights it is interesting to look at 
the measured velocities of electricity in wires 
d metal, as given by different experimenters. 

Miles per second 


^ Wheatstone in 1834, with copper wire 
made it 288,000 

^ Walker in America with telegraph iron 
wire 18,780 

^ O'Mitchell in America with tdegraph 
iron wire 28,524 

^ Fizeau and Gonnelle (copper wire) 1 12,680 

^ Ditto (iron wire) 62,600 

* A. B. G. (copper) London and Brussels 

Tdegraph 2,700 

* A« B. G. (copper) London and Edin- 
burgh Telegraph 7,600 


Here, the difference m copper is seen by the 
first and fifth result to be above a hundredfold. 
It is further remarked in Liebig’s report of Fi- 
seau’s and Gonnelie’s experiments, that the ve- 
locity is not proportional to the conductive ca- 
pacity, and is independent of the thickness of 
the wire. All these circumstances and incom- 
patibilities appear rapidly to vanish, as we rec- 
ognise and take into consideration the lateral 
induction of the wire carrying the current. If 
the velocity of a brief electric discharge is to be 
ascertained in a given length of wire, the sim- 
ple circumstances of the latter being twined 
round a frame in small space, or spread through 
the air through a large space, or adhering to 
walls, or lying on the ground, will make a dif- 
ference in the results. And in regard to long 
circuits such as those described, their conduct- 
ing power cannot be understood, whilst no ref- 
erence is made to their lateral static induction, 
or to the conditions of intensity and quantity 
which then coxae into play; especially in the 
case of fibort or inteimitting currents, for then 
static and dynamic are continually passing into 
cadi other. 

It has already been said that the conducting 
pomexot the air md water wires is alike for a 
ecmstant current. This is in perfect accordance 
with the prindples and with the definite char- 
actor of the eleetzio force, whether in the static 
or current or trandtion state. When a voltaic 
curreut of a certain mtendty is sent into a lox^ 

^ ^^l4AiiiandKopp*$t^porit ISlSO (translated), p. 168. 
l£b Januaiyv 1354, p. 54. 


water trire^ connected at die farther mctremity 
with the earth, part of the force is in the first 
instance occupi^ in raising a lateral induction 
round the wire, ultimately equal in intensity at 
the near end to the intensity of the battery 
stream, and decreasing gradually to the earth 
end, where it becomes nothing. Whilst this in- 
duction is rising, that witlun &e wire amongst 
its particles is beneath what it would otherwise 
be; but as soon as the first has attained its max- 
imum state, then that in the wire becomes pro- 
portionate to the battery intensity, and there- 
fore equals that in the air wire, in which the 
same state is (because of the absence of lateral 
inductipi]^ almost instantly attainecL Then of 
course they discharge alike and therefore con- 
duct alike. 

A striking proof of the variation o\ the con- 
duction of a wire by variation of i^ lateral 
static induction, is given in the experiment 
proposed sixteen years ago (1333). If, fusing a 
constant charged jar, the intoval a, page 827, 
be adjusted so that the spark shall freely pass 
there (though it would not if a little wider), 
whilst the short connecting wires n and o are 
insulated in the air, the experiment may be re- 
peated twenty times without a single failure; 
but if after that n and o be connected with the 
inside and outside of an insulated Leyden jar, 
as described, the spark will never pass across 
Sf but all the charge will go round the whole of 
the long wire. Why is this? The quantity of 
dectricity is the same, the wire is the same, its 
resistance is the same, and that of the air re- 
mains unaltered; but because the intensity is 
lowered, through the lateral induction momen- 
tarily allowed, it is never enough to strike across 
the air at a; and it is finally altogether occupied 
in the wire, which in a little longer time ^an 
before, effects the whole discharge. M. Fizeau 
has applied the same expedient to the primary 
voltaic currents of Rhumkorff’s beautiful in- 
ducting apparatus, with great advantage. He 
thereby r^uces the intensity of these currents 
at the moment when it would be very diead-* 
vantageous, and gives us a striking instance of 
the advantage of viewing static mid d 3 mamic 
phenomena as the result of the same laws. 

Mr. Clarke arranged a Bains^ printing tde- 
graph with three pens, so that it gave beautiful 
Ulustrations and records of facts like thosestat- 
ed: the pens are iron wires, under which a band 
of paper imbued with ferro-pnissiate of potas- 
sa passes at a regular rate by clock-work; smd 
thus regular lines of pru$sian blue are produced 
whenever a cunent is transmitted, and ^ 
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Hme of the curretit is recorded. In Ihe case to 
be described^ the three lines were side by side, 
and about 0.1 of an inch apart. The pen m be- 
longed to a drcuit of only a few feet of wire, 
and a separate battery; it told whenever the 
contact key was put down by the finger; the 
pen n was at the earth end of the long air wire, 
and the pen o at the earth end of the long sub- 
terraneous wire; and by arrangement, the key 
could be made to throw the electricity of the 
chief battery into either of these wires, simul- 
taneously with the passage of the short circuit 
current through pen m. When pens m and n 
were in action, the m record was a regular line 
of equal thiclmess, showing by its length the 
actual time during which the electricity flowed 
into the wires; and the n record was an equally 
regular line, parallel to, and of equal length with 
the former, but the least degree behind it; thus 
indicating that the long air wire conveyed its 
electric current almost instantaneously to the 
farther end. But when pens m and o were in ac- 
tion, the 0 line did not begin until some time 
after the m line, and it continued after the m 
line had ceased, i.e., after the o battery was cut 
off. Furthermore, it was faint at first, grew up 
to a maximum of intensity, continued at that 
as long as battery contact was continued, and 
then gradually diminished to nothing. Thus 
the record o showed that the wave of power 
took time in the water wire to reach the far- 
ther extremity; by its first faintness, it showed 
that power was consumed in the exertion of 
lateral static induction along the wire; by the 
attainment of a maximum and the after equal- 
ity, it showed when this induction had become 
proportionate to the intensity of the battery 
current; by its beginning to diminish, it showed 
when the battery current was cut off; and its 
prolongation and gradual diminution showed 
the time of the outflow of the static electricity 
laid up in the wire, and the consequent reg- 
ular fatting of the induction which had been as 
regularly raised. 

With the pens m and o the conversion of an 
intermitting into a continuous current could 
be beautifully shown; the earth wire by the 
static induction which it permitted, acting in a 
manner analogous to the fly-wheel of a steam- 
or the air-spring of a pump. Thus when 
the contact fc^ was regulariy but rapidly de- 
pressed and raised, the pen m made a series of 
short lines s^arated by intervals of equal 
lengfc. After four or more of these had passed, 
thm pen o, belonging to the subterraneous 
urim, to make its mark, weak at first. 


then rising to a f&aahnum, but alwaje ooittiiitl4 
Qus. If the action of the contact k^ was tSw 
rapid, then alternate thiekening and attenua- 
tions appeared in the o record; and if the intm- 
duclions of the dectric current at the one mi 
of the earth wire were at still longer intervals, 
the records of action at the other end became 
entirely separated from each other: all showing 
most beautifully, how the individual current 
or wave, once introduced into the wire, and 
never ceasing to go onward in its course, could 
be affected in its intensity, its time, and oth^ 
circumstances, by its partial occupation in stat- 
ic induction. 

By other arrangements of the pens n and o, 
the near end of the subterraneous wire could 
be connected with the earth immediately after 
separation from the battery; and then the back 
flow of the electricity, and the time and man- 
ner thereof, were beautifully recorded; but I 
must refrain from detailing results which have 
already been described in principle. 

Many variations of these experiments have 
been made and may be devised. Thus the ^ds 
of the insulated battery have been attached to 
the ends of the long subterraneous wire, and 
then the two halves of the wire have given back 
opposite return currents when connected with 
the earth. In such a case the wire is positive 
and negative at the two extremities, being per- 
manently sustained by its length and thebat^ 
tery, in the same condition which is given to 
the short wire for a moment by the Leyden dis- 
charge, p. 827; or, for an extreme but like ctmf 
to a filament of shellao having its extremities 
charged positive and negative. Coulomb point- 
ed out the difference of long and short as to the 
insulating or conducting power of such &Br 
ments, and the like difference occmrs with long 
and short metal wires. 

The character of the phenomena described 
in this rqx>rt, induces me to refer to the terms 
intensity and qvmtUy as applied to electricity ; 
terms which I have had such Sequent bceasiori 
to employ. These terms, or equival^xts fo 
them, cannot be (ttspensed with by those who 
study both thestaticand the dynamic rSlidiimB 
of electricity; every current where there Is re* 
sistance has the static element and inductfen 
involved in it, whilst every case of 
has more or less of the dsmamic elemitoiat and 
conduction; and we have seen riiat w^ the 
same voltaic source, the same tmmi ik the 
same length of the satne #ves a 
result as the intensity is ma4e to 
variations of the iiujnerion aio^ 




i^^ekdbtMty^ 
ftt&tk or current^ as tiie idea of pressure 
isio steam in a boileri or to airpasfflng throuil^ 
apertures or tubes; and we must have language 
eompet^t toexpress these eonditions and these 
ideas* l^iithennore, 1 have never found either 
of'lhege terms lead to any mistakes regarding 
eleotrieal action, or give rise to any false view of 
the character of electricity or its unity. I can- 
not find other terms of equally useful signifi^ 
cance with these; or any which, conv^ng the 
same ideas, are not liable to such misuse as 
these may be subject to. It would be affectar 
tics, therefore, in me to search about for other 
words;and besides that, the present subject has 
ribown me more than ever their great value and 
peculiar advantage in dectrical language. 

^ t Hie fuse rderred to in page 825, is of the fol- 
lowing nature. Some copper wire was covered 
with sidphuretted gutta percha; after some 
months it was found that a film of sulphuret of 
copper was formed between the metal and the 
env^pe; and further, that when half the gutta 
perehs^ waB cut away in any place, and then 
tiiecopp^ wire removed by about of an inch, 
so as to remain connected only by the film of 
sulphuret adhering to the remaining gutta 
percha, an intensity battery could cause this 
sidphuret to enter into vivid ignition, and fire 
gunpowder with the utmost ease. Gtmpowder 
was fined with certainty at the end of dght 
tEBixB of sin^e wire; and also through 100 miles 
of covered wire immersed in the <^mal, by the 
im of this fuse. 

On.Sms PmnU of Magnetic Philoaophy^ 

^ 8300.. WrmxK the last three years I have 
been ixAd enou^, thou^ only as an experi- 
msiiteMst, to put forth new views of magnetic 
ai^on in papers having for titles, **On Lines of 
Magnetic Forcej’^ and Fhytical lines of 
Msgnetid Fbroe.’^* The first paper was timply 
an attempt to give, for Ike use <3^ experimen-^ 
tdMs and olkdis, a correct expression of tiie 


soicptidneof a nature Ike mxatA 

paper wasa specubtioh respeotirigtke posdUt' 
physical nature of the force, aeexktiiigoiltticfo. 
of the ma^et as well as within it, and wHkin 
what are called magnetic bodies, and was 
pressly described as being entirely hypothet^ 
ioal in its character. 

3301. There are at presmit two, or ratber 
three general hj^theses of the physic^ nature 
of magnetic action. Hrst, tiiat of ethers, carry- 
ing with it the idea of fluxes or currents, and. 
this Euler has Set forth in a simple manner to 
the unmathematical philosopher in his Letters f 
in that hypothesiB the magnetic fluid or ether 
is Bupp9fi^ to move in streams through mag- 
nets, and also the space and substances around 
them. Then there is the hypothesis oi two mag- 
netic fluids, which being present imall mag- 
netic bodies, and accumulated at the poles of a 
magnet, exert attractions and repulsions upon, 
portions of both fluids at a distanced and so 
cause the attractions and repulsions of the dis- 
tant bodies containing them. Lastly, there is 
the hypothesis of Ampere, which assumes the 
existence of electrical currents round tiie par- 
ticles of magnets, which currents, acting at a 
distance upon other particles having like cur- 
rents, arranges them in the masses to which 
they belong, and so renders such masses 8ub« 
ject to the magnetic action. Each of these ideas 
is varied more or less by different philosophers, 
but the three distinct expressions of them which 
1 have j ust ^ven will suffice for my present pur- 
pose. My physico-hypothetical notion does not 
go so far m assumption as the second and third 
of these ideas, for it does not profess to say how 
the magnetic force is originated or sustafoed 
in a magnet; it falls in rather with the first 
view, yet does not assume so much. Aceepting 
the magnet as a centre of power surround^ by 
lines of force, whi(k, as representmts of the 
power, are now justi^ by mathematical m-* 
alysis (3302), it views these lines as 
lines of power, essential both to the eidNbeoos 
of the force within the magnet, and to Its con- 
veyance to, and exertion upout maimctic bodr 


Ati4iiijstore,amimnt, and direct ies at a distance. Those who entertain many 

netici power both within and outside of mag- degree the etter notion mi|^t consider these 
ne^ apart from any aasiunpticm regarding the Uim as currents, or progressive vibrations^ or 

cfaaimrier (rf the source of the power; that the as stationary undulatioi^ or aS; ajtate 0^1^ 
reasoning forward towards new devdi- mum. Fev many masons they Aoidd be. con^ 
opmsBte and diseoveries, ntight be free from templated romd a wire eanyii^ m deeteN) 
bondage and detstarkus influence of as- eurmt, as well as when ksuing Irein a nsn# 
; the PhSocojMeal MiegMm for lebraaiy# nietic pole. 



ai^ldiieiit Wm mst 

ptxipoBi^niiarffpm the ma^etie pother 
Uneeol oia^i^io force; and it is to me a sooroe 
of great ip^atifieation and much enoouragemmit 
to. liad that they affirm the truthfulness slid 
generality of the method of representation. Pro- 
fe$8^ W. Thomson^ in referring to a like view 
of lines of, force applied to static electricity 
(1295, 1304), and to Fourier’s law of motion 
for heat, says that the lines of force give the 
same mathematical results of Coulomb’s the- 
ory^ and by more simple processes of analysis 
(if possible) than the latter;^ and afterwards 
refers ^ the “strict foundation for an analogy 
on which the conduc^in^ potoer of a magnetic 
medium for lines of force may be spoken of.”® 
Van Rees has published a mathematical paper 
on my lines of force in Dutch,® which has b^n 
transferred into Poggendorff’s ilnnolen,^ and 
of which I have only a very imperfect Imowl- 
edge by translated abstracts. He objects, as 1 
understand, to what I may call the physical 
f^rt of my view as assigning no origin for the 
lines, and as not presenting the higher princi- 
ple conveyed by the idea of magnetic fluids or 
of electric currents: he says it does not displace 
the old theories, or render them superfluous; 
but I think I am right in believing that, as far 
as the lines are taken to be representations of 
the power, he accepts them as correct repre- 
sentations, even to the full extent of the hy- 
potheses, either of magnetic fluids or electric 
ourrents. It was always my intention to avoid 
substituting anything in place of these fluids 
or currents, that the mind might be delivered 
from the bcmdage of preconceived notions; but 
for those who desire an idea to rest upon, there 
is, the old principle of the ethers. 

The encouragement I derive from this 
appreciiation by mathematicians of the mode 
of Spring to one’s self the magnetic f<Hces by 
lipeiB, emMdens me to dwell a little more upon 
tto j^her point of true but unknown nat- 
lU^^mugnetic action. Indeed, what we really 
want is not a variety of different methods of 
rei»eeonting the forces, but the one tnie jdiye* 
iosi wgnification of that which is rendered ap- 
us by the phenomena, and the laws 
Iton* Of two assumptions most 
IW^^ mitertamed. at preset, magnetie fluids 
|^ #IK»tric curi^^ (we must be wiong^ p^ 

inn Mag, 1854. Vol. VJII. p. 53. 
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matheini^fecfon^aE^ faemay thfoltlhtt ' 
each contains a hisjher principle than asny 1 
Imveiuivanoed, eani^i^etr^ 
or say that either is true. Neither of these vwiis 
could have led the mind to the {dienc^^ 
diamagnriilsm, and I think notto the magncMs ^ 
rotatiim li^t; and I suppose that if the 
question of the possibility of dlainagnetie|to)^ 
nomena could Imve been asked b^ordiandva 
mathematieiBn, guided by either hypothei^ 
must have denied that posribility^ ^e norion 
that I have introduced, complicates tlm 
still further; for it is inconsistent witih eitheref 
the former viewsy so long as they depend 
clusively upon action at a distance without is* 
termediarion; and yet m the form of flues of 
force it represents magnetic actions truly in ail 
that is not hypothetical. So that there are now 
tinee fundamental notions, and two of them at 

least musi be impossible, Le., untrue. 

3304. It is evident, therefore, that our phys^* 
ical views are very doubtful; and I think 
would result from an endeavour to riude 
selves loose from such preconceptions as are 
contained in them, that we may cdntenuplate 
for a time the force as much as possible m its 
purity. At present we cannot thiidc of polarity 
without feeling ourselves drawn into one or tim 
other of the two hypotheses of the origin eff po- 
lar powers ; and as mathematical constderatim 
cannot givea decision, we feel as if the subject 
were in that same doubtful condition which 
bung over the conflicting , theories of li^t prisiw 
to the researches of modem time;^ but as thei^ 
the use of Wheatstone’s reflector^ 4x»nbhied 
with Arago’s suggestion of a decisive experi^ 
ment, and its realisation by Leon Foucault^ ap* 
pear to have settled that question, so we 
hope, by a due .exertion of judgement, united 
with experiment, to obtain a rwlution 
magnri^io difficulty also: . . v 

3^4 If we ec^d teU the dta 3 XNri^^ofl ctf the 
force of a magnet, first at the pkee ctf its 
and next In the space around, we sboutd thch 
have attained to a very impmtari pbrit^ 
the pursuit of pur subject;^ and if we eput^,^ : 
that,aB|mmmgUttieprnothmg : 

be in the very best eonditiori m 
pursuit further. Buf^msing tlnt tre 
the magnet a sort of sun (as theare is evssy mr 
son to beliefv^ the sun u 
iied, with antithetical powers, 
space aiooadflt with its curved beamBr as eitfaes 
the tnin or a candle fills qpaoe wilh lp^ 
rays; and saj^maing that eueh a WM 
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«4iial poritioa witii of the two fonxier 
views in r^resenting truly the (fisposition of 
the lorces» and that midihematieal considera- 
ticms cannot at present decide which of the 
three views is either above or inferior to its co* 
rivals; it surely becomes necessary that physi- 
cal reasoning should be brought to bear upon 
the subiect as largely as posable. For if there 
be sueh physical lines of magnetic force as cor- 
respond (in having a real existence) to the rays 
of Ui^t) it does not seem so very impossible for 
experiment to touch them; and it must be very 
important to obtain an answer to the inquiry 
respecting their existence, especially as the an- 
swer is litely enough to be in the affirmative. I 
therefore purpose, without asserting anything 
regarding the physical h 3 qK)the 6 i 6 of the mag- 
net more strongly than before (3299), to call 
the attention of experimenters, in a somewhat 
^ desultory manner, to the subject again, both 
as respects the deficiency of the present phys- 
ical views and the possible existence of lines of 
physical force, concentrating the observations 
1 may have to make about a few points — as 
polarity, duality, &c., as occasion may best 
serve; and I am encouraged to make this en- 
deavour by the following considerations. 1, The 
confirmation by mathematicians of the truth- 
fulness of the abstract lines of force in repre- 
s^ting the direction and amount of the mag- 
netic power; 2, My own personal advantageous 
use of the lines on numerous occasions (3174) ; 
3, The close analogy of the magnetic force and 
the other dual powers, either in the static or 
dynamic state, and especially of the magnet 
with the voltaic battery or any other sustain- 
ing source of an electri(^ current; 4, Euler’s idea 
of magnetieethers or circulating fluids; 5, The 
strong conviction expressed by Sir Isaac New- 
ton, that even gravity cannot be carried on to 
produce a distant effect except by some inter- 
posed agent^ fulfilling the conditions of a phys- 
ical line of force; 6, The example of the conflict 
and final axperim^tal settlement of the two 
themies of i^t. 

3806. I b^6V6 that the use by me of the 


> Newton says, !!That gravity should be innate, 
inherent, and etehtial tb matter, so that one body 
may aot upon anotJMr at a 'diataaoe through a roe- 
without tibe mediation, of anyUung else, by and 
throUjafa wluoh their aetioh and force may be con- 
vuVed irotn one to another ia to me ao great an ab- 
avidity* that I believe po maa who. has in philosc^- 
matters a competent faculty of thinking can 
ever faH into it. Gravity must be caOaed by an agent 
aefeum eonsiantly according to certain laws; but 
nVther this agent be material or immaterial I have 
fin' to the eoni^eration of my readers." See the 
IbMIetter to Bentley. 


phrase ^^places of force” has been considered 
by some as objectionable, inasmudi as it would 
seem to anticipate the dlecision that there are 
physical lines of force. I will endeavour so to 
use it, if necessary, as not to imply the asser- 
tion. Nevertheless I may observe that we use 
such a phrase in relation to a ray of light, even 
in those parts of the ray where it is not extin- 
guished, and where therefore we have no better 
knowledge of it or its existence than in similar 
magnetic cases; and we also use the phrase 
when speaking of gravity in respect to places 
where no second body to gravitate upon is pres- 
ent, and where, when existing, it cannot, ac- 
cording to our present views, causes the gravi- 
tating force of the primary body, dr even the 
determination of it, upon that particular place. 

Magnetic Polarity \ 

3307. The meaning of this phrase is rapidly 
becoming more and more uncertain. In the ord- 
inary view, polarity does not necessarfiy touch 
much upon the idea of lines of physical force; 
yet in the one natural truth it must either be 
essential to, and identified with it, or else ab- 
solutely incompatible with, and opposed to it. 
Coulomb’s view makes polarity to depend up- 
on the resultant in direction of the action of 
two separated and distant portions of two mag- 
netic fluids upon other like separated portions, 
which are either originally separate, as in a 
magnet, or are induced to separate, as in soft 
iron, by the action of the dominant magnet; it 
is essential to this hypothesis that the polarity 
force of one name should repel polarity force of 
the same name and attract that of the other 
name. Ampere’s view of polairty is that there 
are no magnetic fluids, but that closed currents 
of electricity can exist round particles of mat- 
ter (or round masses), and that the known ex- 
perimental difference on the opposite sides of 
these currents, shown by attraction and repul- 
sion of other currents, constitutes polarity. Am- 
pere’s view is modifi^ (chiefly by addition) in 
various ways by Weber, De ia Rive, Matteuo- 
d, and others. My view of polarity is founded 
upon the character in direction of the force it- 
sdf, whatever the cause of that force may be, 
and asserts that when an electro-conducting 
body moving in a constant direction near or 
between bodies acting magnetically on riiem- 
selves or each other, has a current in a constant 
direction produced in it, the magnetic polmrity 
is the same; if the motion or the current to re- 
versed, the contrary polarity is indicated. The 
indication is true dther for the exterior or^tbe 




interior of magrietfe bodies whoever tbe riee- 
trie current is produced, and depends upon the 
unknown but essential dual or antithetic^ na^ 
tureof theforoewhichwecallmagnetiBm (3164). 

3308. The numerous meanings of the te!rm 
polarUyf and various interpretations of polar* 
t% indkatums at present current, show the in- 
creasing uncertainty of the idea and the word 
itself. Some consider that the mere set or at- 
traction, or even repulsion, shown a body 
when subject to a dominant magnet is suffici- 
ent to mark polarity, and I think it is as good a 
test as any more refined arrangement (2693) 
when the old notion of polarity only is under 
conrideration. Others require that two bodies 
under the power of a dominant magnet should 
by their actions show a mutual relation to each 
other before they can be considered as polar. 
Tyndall, without meaning to include any idea 
of the nature of the magnetic force, takes his 
type from soft iron, and considers that any 
l^y presenting the like or the antithetical 
phenomena which such iron would present un- 
der magnetic action, is in a like or antithetical 
state of polarity.^ Thomson does not view two 
bodies which present these antithetical posi- 
tions or phenomena as being necessarily the re- 
verse of each other in what may be called their 
polar states,^ but, I think, looks more to differ- 
ential action, and in that approaches towards 
the views held generally by E. Becquerel and 
myself. Matteucci considers that the whole 
mass of the polar body ought to be in depend- 
ence by its particles as a mass of iron is, and 
that a solution of iron and certain salts of iron 
have hot pdes, properly speaking, but that at 
the nearest points to the dominant pole there 
is the contrary magnetism to that of the pole, 
surrounded by the same magnetism as of the 
pole in the farther part, the two ends of a bar 
of such matter between two dominant poles 
having no rdation to each other.^ Becquerel 
considers that polarity may in certain cases oo- 
CUT transverse to the length, and so produce 
results which others explain by reverse polar- 
ity. The views of very many parties always in- 
clude the idea of the source of the polar action, 
whether that be supposed to depend on the ac- 
cuimriation of magnetic fluids at the riiief poles 
of tbe dominant magnet, or the action of eleo- 
tric ieurrents in a determinate position around 
its moleeuleB; and such views are adhered to 
even, when the polarity induced is of tto re- 



veiee kizal, as in^issaltlii to Oiat of the 
induemg mhgi^. Others, Weber, «dd' to 
Amptre’shypoihesb^ideaof dectricifyi loose 
as regar<fa the partiries, though inseparaUy as^ 
Bociated with the xnass of the body under in- 
duction. Some, I think, make the polarity not 
altogether dep^dent upon the dominant siai^ 
net, but upon the neighbouring or surroundmg 
substances; and I propose, if fhe physical lines 
of force should hereafter be justified to make 
that which is commonly oall^ polarity, in dis- 
tinction from the true pdarity (3307), depeodr 
ent upon the curvature of lines of force due to 
the better or worse magneto-conduction power 
of the Bubstances presenting the usual polar 
phenomena (2818). 

3309. The views of polar action and of mag- 
netism itself, as formerly entertained, have beim 
powerfully agitated by the discovery of dia- 
magnetism. 1 was soon driven from my first 
supposition that the N pole of a magnet in- 
duced like or N polarity in the near part of a 
piece of bismuth or {Bosphorus; but as that 
view has been sustained by very eminent men, 
who tie up with it the existence of magnette 
fluids or closed electric currents as the source 
of magnetic power, it claims continued exami- 
nation. for it will most likely be a touchstone 
and developer of real scientific truth, which- 
ever way the arguments may prevail. To me 
the idea appears to involve, if not magnetic im- 
possibilities, at least great contradiction and 
much confusion, some of which I proceed to 
state, but only with the desire of riuddating 
the general subject. 

3310, If an ordinary magnet M, Fig* i, act- 
ing ux>on a piece of iron or other paramagnetic 
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matter I, renders it polar hy throwing its near 
end into the contrary or S state in manner 
usually understood, and, acting upon a Uke 
piece of diamagnetic matter as bismuth B, renr 
ders it also pol^, but witin the near end in Ihci 
same state; then B and I are for the time two 
magnets, and must act bade upon the magn^ 
M; or if they couki be made able to retain their 
states after M is removed (and that is the ease 
with 1), would act as xnagnets i^p<m a 
{ndoe of maipetic maliter as C^ Wam M 
upon 1, it exhrtfl itsinSueim 
reeeivcri tbaodm, upon aU timpastlcbe of ^ 





polar pbflhidn 

with itael^ a^ tiiese^ ^Mi^nedate^y^ wi& the 
ample amitoptioii, act fllfM> 'Upioa>eadi other an 
particle magnetic and exalt the polarity of the 
whdle mm in its two extremities. In lilm man- 
ha* M should aOt upon B, polarising the mass 
and ail its parses; for thepartioles of the dia- 
magnetic body B, even to the smaltest, must 
be curated upon; and we know experimental- 
iy, &at a tul^ filled with powder^ bismuth 
acts as a bar of the metal does. But then, what 
is the mutual aotimi of these bismuth partides 
on each other? for though all may be supposed 
to have a reverse polarity to that of M, they 
eahnoi in that case be reverse in respect to each 
other. All must have like polarity, and the N 
of one particle must be opposed to the S of the 
next particle in the polaiity direction. That 
these particles act on each other mustbe true, 
' and T^mdairs results on the effect of compres- 
«on ^ve proved that by the right means, 
namely experiment. If they were supposed to 
have no such action on ea<h other, it would be 
in contradiction to the essentkl nature of mag- 
nietie action, and there would remain no reason 
to tiiink that the magnet itself could act on the 
particiee, or the particles react on it. If they 
acted on each other as the magnet is supposed 
to act on them, i.e., to induce contrary poles, 
then the power of the magnet would be nulli- 
fied, and the more effectually the nearer the 
particles were together; whereas Tyndall has 
diown that the l^muth ma^etic condition is 
exalted by such vicinity of the particles, and 
hence we have a further right to conclude that 
th^ do act on, m: influ^ce each other, to the 
exaltatimi of the staie of the mass. But if the 
Nrness of one particle corresponds to, and aids 
in sustaining and exalting, ihe ^ness of the 
next particle, the whole mass must have the 
mme kind of force; so that, as a magnet, its 
pdarity must have the same kind of polarity 
as that of the particles themsdves. For wheth- 
erapaiticle of bismuth becbnsideredas aetiag 
U{m a nrig^bouring parricie or~ upon a distant 
psrtide of bismuth, or whethw a mass of par** 
Holes be considered as acting cm the distant 
|ist1icle> theaetu^ 

>Hftdyof^saahe ]dhdi ' 

^ 3S1L Butwhy Aoulda polarised particde of 
Mnniith aotmg upon another particle of bis- 
imuth produee in it hkn pdarity, and with a 
jfiiiiHdnof bonpf^ or 

dumlil tnasses d and iran, when 
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N pde of a paramagnetic body would inditee 
an S pcdeim (tenrnrMenddmhrcm 
tim N pde of a dimaih^ Ix^ pfeCH 
does a pde ccmtiafy to the former^ i^, an N 
pde at the same end of the iron rod in the some 
poritioh and piaee. This would be to assume 
two kinds of magnetism, i.e.^ two nortii fluids 
(or electric currents) and two south ; and tibe 
northness of bismuth would differ from tlm 
northness of iron as much as pole frenn poibsi 
Still more, the norOmess of d^utb and the 
southness of iron would be found to have 
actly like qualities m all points, and to differ in 
nothing but name; and the southness of bisr 
mutl^apd northness of iron would also prove 
to be absolutely alike. What is this! in fact, but 
to say they are the same? and whv should we 
not accept the confirmation and unWling proof 
that it is so, which is given to us experimentally 
by the moving wire? (3307, ^356). 1 

3312. If we employ a magnet as tm originai<^ 
ly inducing body (3310), mid entertam the idea 
of magnetic fluids accumulated at the pefles, 
which act by their power of attracting each 
other, but repelling their like, then the inocm* 
sistency of supposing that the north fluid of a 
given pole can attract the north fluid of one 
body and the south fluid of another, or that the 
north and south fluids of the dominant magnet 
can attract one and the smne fluid in biaenuth 
and in iron, dec., is very manifest. Or if we act 
by a solenoid or a helix of copper wire carrying 
an electric current instead of a magnet, and 
find that analogous effects are produced, are 
we to admit at once that the electric currents 
in it, acting upon Ihe assumed electric circuits 
round the particles of matter, sometimes at- 
tract them on the one side and sometimes on 
the other? or if such bodies as Insmuith and 
platinum are put into such a hdix> m we to 
allow that currents in opposite directmns.aie 
induced in them by one and (he same indurii^ 
condition? and that, too, when ah the* c^lier 
phenomena, and (here ore many, points to a 
uniformity oiaction as to direction witii a vatv- 
iation on^ in power. > > 

Media. 

331i3. Let tis now consider lor a tirne flbaeor 
tion ot diffmnt media, and (he evMeriee they 
give in to^ polarity^ li a 

of protosidpiwte of ir^ m, be piH 
lected thin i^aes tube about an iitdi kng, and 

1 Let r cotttala 4 iteiiia, Jii^S arSbiSt w 
and o 82 grains, of gyatalHeed piotnaakiludnof ken 
in eacheafaioinehoTwaiter, ^ ‘ 
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b^imetkaBy (2^), aadbd 
flNiip^ded^^ri^ b^weeti mAgii^ 
pdlM iiitiiefliif^ it will pdht axially, md brfiave 
^•otiier mpects as icon; if, instead of ait^ 
tnKneeii the poles, a sdution of the same kind as 
m, but a- little stronger, w, be substituted, the 
Sdltition in the tube will point e'quatorially, or 
ae bismuth. A like solution some\^t weaker 
than ntf to be called I, enclosed in a similar 
tube, behave like bismuth in air but like 
ir(Hi in water. Now these are precisely the ao^ 
lions which have been attiibuted to polarity, 
and by which the assumed reverse polarities of 
paramagnetic and diamagnetic l^ies have 
be^ considered as established; but when ex- 
amined, how will ideas of polarity apply to 
these eases, or they to it? The solution I pcants 
and acts like bismuth in air and like iron in wa« 
ter; are we then to conclude that it has reverse 
polarity in these cases? and if so, what are the 
reasons and causes for such a singular contrast 
in that vriiich must be considered as dependent 
upon its internal or molecular state? 

3314. In the first place, no want of magnetic 
continuity of parts can have anything to do 
vdth the hiversion of the phenomena; for it has 
been shown sufficiently by former experiments,^ 
that such solutions are as magnetically contin- 
uous in character as iron itself. 

3315. In the next place, I think it is impos- 
albie to say that the medium interposed be- 


attmtd the power ul the pedes ha^dag 
travesrse ti, m' and nf; and in Fig, 3 we see ttwt, 
under Ske^dreun^ 

ae bismutib and m as mn, thou^ they 
same edlution with each other and with 
former m solutions. No cutting off of pmm 
by the media could cause these diangeeHnrtp^ 
etitions of position in the first casey and lUVeH^ 
mons in the second. All that could be expected 
from any such interceptions woidd beperiutps 
diminutions of action, but not invermneof 
larity; and evexy consideration indScates'that 
aU the poisons of these solutions in the field at 
once have Wee poUxtily, i.e., like direction of 
force through them, and like internal eondi^ 
tion; each solution in its complex arrangement 
being affected exactly in the same way and dli^ 
gree as if it filled the whole of the niagneMe 
field, although in these particular axrangemoits 
it sometimes points like iron, and at otheir times 
like bkunuth (2362, 2414). 

3316. These motions and pointings of the 
same or of different solutions, contidn every 
action and indication which is supposed to di^ 
tinguish the contrary polarities of paramagnet^ 
icand diamagnetic bodies from each othm*, and 
the solutions I and m in air repeat mcactly the 
phenomena presented in air by phosphcntisand 
platinum, which are respectivdy diamagnetic 
and paramagnetic substances. But we know 
that these actions are due to the dffferen^ 
result of the masses of the moving or acting 


tween the magnet and the y///////X 
suspended cylinder of fluid Y///^//j/\ 
can cut off, or in any way af- \ 
feet tiie direct force of the YT^\\ 
former on the latter, so as to ( 

change the direction of its ^ 

inter^ polarity. Let the tube y77/^777a 
be filled with the solution m, Y///////A 
thenif itbesurrounded by the pig. 2 

solution I, it will point as iron; 

H stronger solution n sm'- 
Td^d it, it will point as bis- 1 ^ 
m^h } with sufficient care 

a mocmitm of these fluids { j "y 
mj«y ’be:arranged as indicated 
kn Fig^* 5, where the out- 

poles rep- W/^///a 
formsof thm glak ^ ^ 

Wl^i'^ahd the letters the 
w J utk ffm in them. In Fig^ B we see tiiat the ae- 
tftsn on m is the same as that bti at' , end* the 
fkaiittiikg of the two portions is the same,’ i,e.y 
nmttier haa^ the acifoa on m been 


solution and of that (or the air) surrounffing it. 
No structural or internal polarity, having op^ 
posite directions, is necessary to account lor 
them (2361, 2757). If, therefore, it is stiUuaM 
that the solution m 1^ one polarity in I mi 
thereversepolarity inn, that would tetonndm 
the polarity depend upon the mowof w inde*^ 
pendently of its particles ; for it San hmdl^ »bs 
supposed that tiie paiticles of m mre 
fecM by the influence ujpcm them df 'ihe me^ 
rounding mmfium (h^sdf under like mduetive 
action only, abd almost insensible as a mag* 
net), than they aire%’ the dominant maUget/ 
It would be Wnmke the poto 
much, drmofBt dependmituixmlhe summed 
mg xQ^um thab upon the magnet ttssHvemi 

psndest upon the outer, and ;oeiiuiot jI^ at* 

fected through It, then why are not air andw^ 
admitted as being in eiieotiYe magnetto inlatieBi to 
the bodies siurounded by them? Qow^else oouM 
distant body be acted upon by a magnet, 
eoltttiotx of sulphate of iren is so anted ent AiaTwi^tb 
assume one .mode of action by oontigiVMU masna or 
UsHieleslB-oiieehse, and attotiier iStdagfi dlSM 
m another ease? 






m 

it wcMiU be to make tbe mmes of m find I 
even their form the determining eauee of the 
polaiity; which would remove polarity alto- 
gether from dependence upon internal molec- 
ular condition, and, 1 thi^ destroy the last 
remains of the usual idea. For my own part, 1 
cannot conceive that when a little sphere of m 
in the solution I is attracted upon the approach 
of a given magnetic pole, and repelled under 
the action of the same pole when it is in the so- 
lution n, its particles are in the two cas^ polar 
in two opposite directions; or that if for a north 
magnetic pole it is the near side of the particles 
of m when in I that assume the south state, it 
is ihefartker side which acquires thesame state 
when the solution I is changed for n. Nor can I 
think that when the particles of m have tiie 
same polar state in both solutions, the whole, 
as a mass, can have the opposite states. 

3317. These differential results run on in one 
uninterrupted course from the extreme ol para- 
magnetic bodies to the extreme of diamagnet- 
ic ladies; and there is no substance within the 
series which, in association with those on each 
side of it, may not be made to present in itself 
the appearances and action which are consid- 
ered as indicating the opposite polarities of 
iron and bismuth. How then is their case, in 
the one or the other condition, to be distin- 
guished from the assumed polarity conditions 
of bismuth or of iron? — ordy, I think, by as- 
suming other points which b^ the whole ques- 
tion. In the first place, it must be, or is assumed, 
that no magnetic force existsin the space around 
a magnet wh^ it is in a vacuum, it being de- 
nied that the ix)wer either crosses or readies a 
locality in that space until some material sub- 
atance, as the bismuth or iron, is there. It is as- 
sumed that the space is in a state of magnetic 
darlmess (3305), an assumption so large, con- 
sidmi^ the knowledge we have df natural pow- 
ers, and espeddly of dual forces, that there is 
none higer in any part of magnetic or electric 
science, and is the very point which of all oth- 
ers should be held in doubt and pursued by ex- 
perimental investigation. It is as if one should 
there is no li^t or form of light in the 
iqpswseM^wm the sun and the earth because 
t^t space is invisible to the eye. Newton him- 
sdf durst not make a like assumption even in 
tile case bf gravitation (3305)^ but most care- 
fully guai^ himself and warns others against 
Sikler* seems to follow him in this mB,tr 
ler^iSudbt aniummp^ enaUes the 

dta tcanalatad. Letter LXVXU, or pp* 


p^ies who make it to dammss tbe conedderar 
tion of difierentialeffests when bodiesare placed 
in a vacuum, and to divide the bodies into 
well-known double series of paramagnetic a^ 
diamagnetic substances. But in the second 
place, even then, those who assume the reyme 
polarity of diamagnetic bodies, must assume 
also that the state set up in them by induction 
is less favourable to either the exercise or the 
transmission of the magnetic force than the 
original unpolarifsed state of the bismuth; an 
assumption which is, I think, contrary to the 
natural action and ^al stable condition into 
which the physical forces tend to bring all bod- 
ies subject to them. That a magnet acting on a 
piece ot iron should so determine pid dispose 
of the forces as to make the magiUt and iron 
mutually accordant in their action! I can con- 
ceive; but that it should throw the bismuth in- 
to a state which would make it rep^ the mag- 
net, whereas if unaffected it shoui(^\ be so far 
favourable as to be at least indifferent, is what 
I cannot imagine to myself. In the third place, 
those who rest their ideas on magnetic fluids^ 
must assume that in all diamagnetic cases, and 
in them only, the fundamental idea of their 
mutual action must not only be set aside but 
inverted, so that the hypothesis would be at 
war with itself; and those who assume that 
electric currents are the cause of magnetic ef- 
fects, would have to give up the law of their 
inducing action (as far as we know it) in all 
cases of diamagnetism, at the very same mor 
ment when, if they approached the diamag- 
netic bismuth in the form of a spiral to the 
pole, they would have a current produced in it 
according to that law. 

Time 

3318. 1 will venture another thought or two 
regarding the condition into which diamagnetic 
belies are brought by the act of magnetic induc- 
tion, in connexion with the point of time. It ap- 
pears, as far as 1 remember, that all naturaUofO- 
es tend to produce a state of rest, except in cases 
where vitalororganic powers are concemed^and 
that as in life the actions are for ever progres- 
sive, and have respect to a future rather thajn 
apresentstate (Paget), so all inorgiamcexertiQUS 
of force tend to bring abouta stable and penna- 
nent condition, having as the result a state, .of 
rest, a static condition of the powm^: » 
r . 8319. Ai^lying this consideratioii to the ease 
of bismuth in the magnetic field, it seemato^m^ 
more like the truth of nature tWt the 
sumed by the bis^auth st^ld 1^ ope mw br 
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vc^mbl^ to the final ml atatio emici8et>Cthe 
power of the dominant magnet upon it< tiurn 
that state belonging to the bismuth Moze H 
had suffered or undergone the induction; eac- 
actly as in soft iron we know that before it has 
acquired the state which a dominant magnet 
can induce upon it, it is not so favourable to 
the final static condition of the powers as it is 
afterwards. Now it is very manifest, by num- 
erous forms of experiment, that time ^iiteih as 
an element into ordinary magnetic and mag- 
neto-electric actions, and there is every reason 
to expect, into diamagnetic actions also; and 
it is idso well known that we can take advant- 
age of this time, and test the state of a piece of 
iron in the magnetic fidd before it has attained 
its finally induced state, and afterwards; as, 
for instance, by placing it with a helix round it 
in the . magnetic field and quickly connecting 
the helix afterwards with a gdvanometer, when 
a current of electricity in such direction as to 
prove the truth of the statement will be ob- 
tained. In other forms of experiment and with 
large pieces of iron, the time which can be so 
separated or snatched up during the act of pro- 
gressive induction will amount to a minute or 
more. Supposing this could be done in any sen- 
sible degree with diamagnetic bodies, then the 
following considerations present themselves. A 
globe or bar of bismuth in the magnetic field 
may have its states, before and after induc- 
tion, considered as separated by a moment of 
time; if the induction raises up a state of po- 
larity the reverse of that of the magnet, then 
the bismuth ought to be more favourable to 
tihe determination of magnetic force uj^n it 
he/ore the induction than after; whereas if, ac- 
cording to my view, the pc^rity is not revers- 
ed, but is the same as that of the magnet, the 
metal ought to be more favourable to the deM 
termination of magnetic force upon or through 
- it c^fferJnduction than before. Believing this to 
an experiment which would settle the ques- 
tion of reverse polarity, and perhaps the exist- 
or nonrexistence of physical lines of mag- 
netic force, I have made many attempts in var-> 
ious ways, and especially by dtemating mo- 
tions of cylind^B and balls of bismuth between 
soft Iron magnetic poles fumitiied with helices, 
to obtain some resets due to the Hm4 of induc- 
tion, but have been as yet unable to succeed. I 
csinni^*i doubt that time is concerned; but it 
seems to be so brief in period as to be inappre- 
eiaUe thomeans I haveemjdoyed. 
.«nO»^E^feS8or Thomson has put thk mat^^ 
of i itnd polari^ in anotitsr foim. K a. 


S^obe of bismuth be ptaeed sRl^^ 
the middle of the maimette fidd, it wtil not 
point or move because of its shape; but if it 
have reverse polarity, it wffl be in a state of mt* 
stable equilibrium; if time be an dement, 
then the ball, being onoe moved on its an ever 
so little, would then have its polarity inefinsd 
to the magnetic axis, and woidd go on revdv^ 
ing for evite, producing a perpett^ motion. I 
do not see how this consequence can be avdi- 
ed, and therefore cannot admit the prindidm 
on which it rests. The idea of a perpdual aUH 
tion produced by static forces is pbiloso^oal- 
ly illogical and impossible, and so 1 thmk isithe 
polarly opposed or adverse static condition to 
which I have already referred. 

3321. It is not necessary here that I should 
refer to the manner in wUoh my view of the 
lines of magnetic force meet these cases, for it 
has been done in former papers (2797, Ac.); 
but 1 will call the attention of those who like to 
pursue the subject, to a true case of reverse po- 
larity in the magnetic field (Etperimeniai 'Bo^ 
searches^ 3238, Fig, 16)^ and there they will 
easily see and comprehend the beginning of the 
rotation of Professor Thomson’s l:^muth c^obe, 
and its continuance, if, as supposed, the polar 
state represented in the figure could be contin- 
ually renewed. 

3322. When the north pole of a magnet re- 
pels a piece of bismuth in a vacuum, or makes 
a bar of it set equatorially, and is found to pro- 
duce like actions with many paramagnetic bod- 
ies when surrounded by media a little more 
paramagnetic than themselves, and with as 
many diamagnetic bodies when surrounded by> 
media a little less diamagnetic, it would seem 
more cautious in the first instance to inqttirs 
how these latter motions take place, and hem 
it is that parts, which with the pammagneties 
have certainly been brought into a south ccm<^ 
dition by tiie north end of the pde, recede friim 
it; and to apply these results in the first 
stance to those obtained with bismuth in aivfeMK^ 
uum, befme we assume a totid change in 
dple, and yet an exceptional change as totals 
stances, in the general law of magnetic 

ily, without any cause assipied timn, iwiany^ 
supporting facts beyond, tiieeffeetin questioiiu 

Curved Maes cf Magnetic 
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3323; TherOprea^tativeideaof Ikesof 
netic force whiUi 1 mitertain^ lariiodes hi it tba 
th^i^t (ff theei^rvatureof themlia^ ah 
a mmely oomraoient notkin nialdilgibeidea4tf 
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aa» Sowing: 

frcnaiind nMijg^estedy^iKii phe- 

])oxtoift tbmsdveB. It kin tiiis point of view 
tliat’I proceed to ooneider it; and as the proof 
of . the Curvature k^ in ree^ieot to prind^, in 
eetential and necessary d^ptiidknce of tiie 
le»)t Ctttslities or parts of a duaiftfee upon e^ 
other (8324, d;c.); and in respect to experiment^ 
by the nuiherous results supi^kd during &e 
mutual actions of magnets and magnetic bod- 
ies.<asid the phenoUiena of mowing eonduetors 
(3337, do.), 1 will consider each in turn. 

» 8324. There k no known ease of one form or 
fuUft of a dual .power existing otherwise than 
with, iBDid in d^ndenee on, the other, whicsh 
then exkts simultaneously to an equivalent, i.e., 
an equal, degree. In static electricity, where 
supposed electric fluids are considered as brings 
separated from each other, they are in equal 
amount (1177), aio ev^ r^ted to each other 
(1681);, often by carved lines of force (1215), 
and the existence of the one electricity without 
the other, or in the smallest degree of excess or 
deficiency, k absolutely impossible (1174). In 
the voltaic battery, or in &e dectric current 
produced in any other way, as by thermo ar- 
rangements or inductions, the current in one 
parttof the circuit k absolutdy the same in 
amount and in dual character as in another; 
and in the insulated, umsonnected vdtaic bat- 
teiy, where the sustaining power k internal* 
not the sU^test development of the forces, or 
of either of thm, can occur until circuit k 
completed, or induction allowed at the extrem- 
itieB; for if, when there k no drcuit, the indue- 
tto be. prevented, not merely no current, but 
uostook of dectrieity as the battery poles ready 
to:];noduce a current can be evdved in the 
rii|^test degi<ee. In like manner 1 am fully per- 
suaded that the northness and southness of 
magnelkm (in whatever tiiqy may be supposed 
to cbniM) cannot exkt alone; new without 
exact pn^ortion to each other;;, nor without 
mutual dependence upon eadi other; but that 
they are Bubjeet to the mutual rdati<m and de- 
pmkasee all d^^ 

3)1^. I^us consicter a hard tnvarkU^ 
sat in igukce^ Fip* piece of^soft uxm, I, be 
end oldie ma^oet 
wffl cause southness in the near end of the iron 
and nottbuets in thekather end; and dus wifl 
eondnue untfl the iron k the soiith- 

sig»aad orhahresof 

ttat/Wq^oet^vihg^ dl tiie time 

ckaaged m their eqpi^ ami arnoimt (8221^ 
aan^ «Kciw.^to esjr tfaatdhe toesremauatiag 


lKks^N oocM aetd^ 

and tht: contrary ftwee, and thi^ fay iwovah 
of the Iron, cease to att there or dmdierei end^ 
then again act on liie kon if approadked, or 
anyttungebe, and then cease to act, and so mf 



there 
it of the 
nmy be 
id inert. 


would in my mind be to deny the eoneerpoiikm 
of force: and we know that there k no equiva- 
lent action within the magnet, to explain ty 
any alternate excitement and suppressum of 
the dual parts, any supposed eppearaxiee and 
dkappqafance of the powers at the different' 
times; for a helix closdy applied rouqd theinid- 
die part of the magnet during the < 
dves no current, and by that riiows \ 
k no equivalent internal derangemd 
power, when the outer exereke of ii 
suppo^ to change between active i 

3326. Suppose the power of such a magnet to 
be due to magnetic N and S fluids; can it be 
thought that the N particles can be somerimes’ 
exerting their attraction for 8 parricles, and 
sometimes not? Would not that be equivalmit 
to the assumption of a suppression, i.e., a de- 
striiction of force? — ^which surely cannot be. 
Such ah assumption could be surpassed oi^y 
by that which supposes that the N fluid might 
sometimes attract 8 and repel N, and at other 
times repel S and attract N fluids (3311, 3312, 
3317). 

3327. As to the soft iron under induotion 
(3325), He dual magnetic forces do renter intd 
^eir former mutu^y dependent and mutual- 
ly satkfying state: but suppose it to be replaced 
by steel, aid that the ma^retisms produced in 
it do not recombine or disappear on the remov^' 
al of the dominant magn^, then on what "k 
thmr power ultimatdy tunied, if nd on eaA 
rdher (3257, 3324)? Where k the S powd:' <cA 
thest^ diqiOBed of when it k separated from 
itB» fdation with the N power of the magD^ 
tfayBt evolved it? The case cannot be met 


cept^I^ affinnmg the independent existence of * 
the two powers (3822) ; or, admitting Ike 
pression (rf iorc^ and xA dtiier of 
tke one without timo&er (3330); or alisrwlhf^* 
the mutual dependehee of the tm pokritkki^ 
the magnet (dffli). 

3328. When the N pole of a aiag!iet>(f%;4i)' 
kacringin £reeiQiaee,lto foieeksemfifa^^ 
to a certain amomst (114) ; wheiia|i^hia^^ 
iron, I, klnooi^tikarit, muebof Ai 
enwpiqpQnlkititoii^l^ 
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and about the N |iele ii*tli#easi6^ 
ui!beu tea 8 pde is btoug^t up ^ idth^ of W 
wOBtsgpx^ or of itadf (for the effect la p!redfi<^ 
tiie same)) much of &e force exerted upon tiie 
iitaai is removed from it, aud falla upc^ the S 



Fig, 5 

pde, but the amount of force about the pole N 
remaans the same; all of which can be proved 
experimentally by a helix on the soft iron and 
loops carried over the N pole (3218, 3223)* In- 
de^ the way in which the power of one pole 
over either iron or bismuth is affected and di- 
minished by the approximation on the same 
side of a contrary pole, is perfectly well known, 
and there are hundreds of eases in which the 
disposition in direction of the magnetic power 
can be varied in a great variety of ways, utith- 
OUt the slightest change in the sum of its amount 
at the source, each of which gives evidence of 
the antithetical and inseparable condition of 
the two forms of force. 

3329. As to independent enstence of the tw6 
powers (3327), how is it then that they cannot 
be shown separately? — not even up to the de- 
gree which is exhibited, so to say, by static 
deotricity. There is nothing like a c^rge 
nbrtiiness or a charge of southness in any one 
of the innumerable phenomena present^ by 
magnetism (3341). The two are just as closely 
connected as the two electricities of a voltaic 
battery; whether we consider it as giving the 
current when properly connected, or exhibit- 
ing induction at its extremities when unoon- 
nected. The difficulty, indeed is to find a fact 
wh^ gives one the least hold fc^* eonsidmution 
the thought that the two magnetic forces 
cen be separated, or contideied a|»ui; from, 
each^^ber. 

^^8330.^ to the suppression of force (3327), 
J^iconi^ye that the creation, annihilatioa, 
SeppiMoni uf force, and still more emphati- 
une form only of a dual force, is-ae 
possible as the like of matter. AU that is per- 
hii(|ted ^timder the gm^eral laws of nature; is to 

emidoy it; aod; 
true of fho sm a fe st sup- 
|l^lirt^.of4iorce^ ft>roe,ae,of tim 

jWhoie.: I nOk 


iriu^e^^)as it is 

hilate or soppxess foiec^ di ie pot aJbo/nmAi^ 
molaoo^imposmlds todoJi^ consistentiyti^^ 
the law of the conservaticm of force? i. 

3331; If weeay that the forces in the oases oi 
removal (3327) are dic^sed of, sometimes ha 
om direction and sometimes in another,; but 
with the preservation of tiimn lull and eouivM 
lent amount, then how are we to donsider tiiem 
(fisposed of in the case of a cylinder or gldbular 
ma^et, placed in air ompocimi, so as to beeiir^ 
tirely 8(^Mlepettdent?-r-<)rin the easeofamai^* 
netic sphere placed in an inverted potition ha 
themagaetiofiddfSoastobeentiitiysunottiided 
and endosed by magnetic forces haying to 
contrary direction to its own <3238; 3321)f * 
3332. If we say that the dualities Of such ^ 
magnet are depc^nt on each othm* (Wtiieh Is 
the third oase (3327)), then we have tOKOon<» 
aider how this can be, consistentiy with th» 
distant mutual action, either of magnetic flu* 
ids or electric ounents, acting in rig^t lines 
only. Such action must then be tluough the 
body of the maiptet (8260). If we conitoe our 
attention to magpoietie fluids, then the direo* 
tion of their forces towards each other thmigh 
the magnet when it is alone must be of the like 
nature as their direction to approachediron, in 
which they are supposed to induce eoUecti^ 
of tibe contrary fluids, or towards tibe fluids lit 
the contrary poles of approached equal Or^Su^ 
perior magneto; Le., the two poles of the magnel 
must be conctived of as centres of force, somer 
times exerting their power towards each other 
in a given direction through the body of the 
magnet, and at other times exerting them outf 
walrily to extmnal poles m a direction exaictiiir 
thecontrary. Butthecurrento whichareeyolved 
by the rotation of the magnet, or of discs of 
metal combined with it <3119, 3163), tikow timt 
the direction of the force (which is its polaiits^} 
is not thus revmee in the two halves of thecaee, 
but is the smne witinn the magnet as in 4he 
prolongation of dmeotkm through and beyond 
the pple; and also that whether the magnet be 
alQne,t a^ therefore supposed to have tibe pOr 
lar exerted^ m each other tbroiiife jt;iear 

be in relation to odtOr magneto, sq. as itOr havo 
this exertion of force entirely removed fiieim,iAs 
intetior, still it is always the same; having in 
both cases the same condition, direotiexv^and 
amount of power within it (3116).* 

3333; H the charged and polaa atote.nf the 
magnet be supposed to depend upon Bketoeuiar 
doQtmtmar!!^ hdld% some 
id pamllshsiii^^h^ 
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tiiat tliieBe eaai backWante upon «ach other 
throujg^ the tnagnet in straight lines, so as to 
pbt the northness and southness of the pole in 
mutual dependence, as they are supposed to be 
hi relation to external poles, without the cui> 
rents themselves being displaced and turned^ 
until the whole magnet is neutralised; falling 
back into the undeveloped state, just as a piece 
of softiron falls back. Wh^ this return of state 
happens in soft iron or steel in any degree, a 
helix round these shows the induced currents 
consequent on such a change; and a loop (3133, 
3217) shows the difference when the iron or 
magnet is polar outwards and when its state 
has fallen. No such effects happen with a hard 
magnet, when it is alternately left to itself or 
put in x^ation to external poles of other mag- 
nets. The body of the magnet, and the forces 
pas^g through it, remain unchanged, wheth- 
er examined by the loop (3223) or by its own 
motion, or that of discs and wires associated 
with it (3116, Ac.). Its force ever remains the 
same in quantity and general direction. 

3334. The case of the steel ring magnet (3283) 
is well known, and the manner in which such a 
magnet, showingno external relation, developes 
strong poles when it is broken. The phenomena 
assure us, 1 think, that when broken the north- 
ness and southness then appearing cannot, 
when the pieces are by themselves, be deter- 
mined upon each other backward through the 
magnet; there is no sufficient reason to suppose 
such a thing. And, again, the mutual destruc- 
tion of highly-charged linear magnets, such as 
Steel needles, when many of them are made in- 
to a thick, short bundle, shows the same thing; 
lor if when alone the polar powers are not ex- 
ternal, but are determined upon each other 
throu^ eadi individual magnet, they are as 
free for a Bke disposal when the elementary 
magnets aie associated as when they are sep- 
arated: and then there remains no sufficient 
reason to expect a dominant action over each 
Other superior to that which each has over itsdf . 

333S« It is not to be supposed th4t the change 
of foi'oe winch occurs when the magnet first 
acting externally is then made to act internal- 
ly or through itsrif, would be small and unno- 
tieesbie. It should be as great as the whole 
amount of power which the magnet can show 
und^ the most favourable drcumstance; and 
the means are abundantly sufficient, by mov- 
i]% wim and discs, to make that evident in 
a^^Oksewl^mi^tlffiplyitB passingthroui^, 
iwdved out of, tfao mi^ett so that 
can oeeur in that leqpeot, and 


there remain, therefore, in my mind, but two 
suppositions; either the N polar force of a mag- 
net wh^ taken off from external compensate 
ing S polar force, is not exerted elsewhere ais 
magnetic force at all; or else it is externally 
thrown upon and associated with the S polar 
force of the same magnet, and so sustained and 
disposed of, for the time, in its natural, equivar 
lent, and essential state. If converted into any 
new form of power, what is that form? where 
is it disposed of? by what effects is it recog- 
nized? what are the proofs of its existence? To 
these inquiries there are no answers. But if it be 
directed externally upon the opposite S pole of 
the magnet, then all the consequences and 
foundations of my hypotheses of mametic force 
and its polarity come forth; and, asl incline to 
believe, a consistent and satisfactow account 
of all magnetic phenomena, short of we idea of 
the nature of the magnetic force itself, is sup- 
plied. \ 

3336. For if the dual forces of the poles of a 
magnet in free space are related to, and depend- 
ent upon, each other, and yet not through the 
magnet (3331), then it must be through the 
space around. Then space must have a real 
magnetic relation to the force passing across it, 
just as it has to the ray of light passing from an 
illuminating to an illuminated body. Then the 
directions in which the two forces are exerted 
upon each other cannot be in right lines, which 
must, if they existed, pass of necessity through 
the magnet; but in curved lines, seeing that it 
is impossible that any but curved lines can 
hold the poles in relation to each other through 
the surrounding space (3297): and if they be 
curved lines, then 1 cannot imagine them to be 
anything else than physical lines of force; lines 
fitted to transfer the power onwards in consist- 
ency with its inevitable dual relation, and in 
conformity with that direction which ought, as 
I think, to be properly called polarity. And it 
further appears to me, that if we once adndt 
the magnetic relation of a vacuum, then all the 
l^nomena of paramagnetic and diamagnetic 
bodies; of differential polarity and individual^ 
polarity; of solutions, needles, crystals and 
moving conductors, are presented in a simple 
mutual relation, without any contradiction of 
fact or hypothesis, and in perfect harmoi^ 
with each other. 

3337. 1 wish to avoid prolonging this paper 
by a repetition of the considerations and rea- 
sons already advanced on femner occasionSi 
and therefore will very briefly call to mind fito 
idea I haVB put forth,1bat there ere 
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of foitee in tho space around amagnet; that the 
mutual d^)endence of the dualities, which ia 
essential in the isolated magnet, is thus sus- 
tained; and tibat bodies in this space produce 
paramagnetic or diamagnetic phenomena, ac- 
cording as they favour or oppose the degree of 
sustaining power which mere space possesses. 
That these bodies, or media as they may be 
called, have a magnetic relation like that of 
space, is easily shown by numerous experiment- 
al results; but as they have a further relation 
amongst themselves, dependent upon their rel- 
ative electro-conducting power, I think a little 
time may be usefully employed in considering 
how far the consequent results illustrate the 
probable condition of space where they are not 
present. Consider a magnetic pole N, Fig. 6, 
placed in relation to an equal 
magnetic pole S, so that their 
powers are mutually related and 
I sustained, and the space be- 
tween them, a, a, a, occupied 
by a vacuum, nitrogen, or some 
other gas at magnetic sero 
Fig. 6 (2770, &c.) : the force exerted 

by N on S, or reciprocally, is easily taken 
cognizance of by spirals, &c., as regards any 
change in direction or degree. Then consider 
the medium a, a, a to be ah copper or all mer- 
cury, still the forces are undisturbed: or con- 
sider it part mercury or copper, and part vac- 
uum or glass, divided either by a line running 
from S to N, or along a, a, a, or any other way, 
still the forces are undisturbed; any of these 
media act exactly like space, or so like it, we 
can scarcely trace a difference. Then consider 
the metal moving, either as a finely divided 
stream at a, a, a, or as a solid globe (of copper) 
C, Fig. 7, revolving rapidly round the line from 
N to S ; still it is exactly like the vacuum 
or indifferent gas or glass, and there is 
no effect as yet by which we might dis- 
( C J tinguish the material medium from the 
V. y mere space. But let the stream of metaJ- 

lie particles be converted into a continu- 

ous plate, and then we know it becomes 
Fig. 7 fiUedvdthabundant currents of electric- 
ity; or if we apply the wires of a galvanometo 
to the revolving copper globe C, at the axial 
and equatorial parts, we can then cause it to 
devdop (by permission of curr^ts) a new ef- 
fect, and the currents are sent out most abun^ 
dantiy by the conductors applied. If the co^ 
per ^obe C be rapidly revolved upon an a^ 
pegpeadieular to the line S N, so strong and in-i 
fiiiiatial a medium is it, magnetically €oneid^ 


ered, timt the two poles, N and B, tf to 
move, do move in the same direction as the 
near parts oi the globe; and are absoluMy eai^ 
ried away from each other, in opposition to 
thdr mutually attractive force, which tmids 
strongly all the while to draw them together. 
Now, how is it possible to conodve that the 
copper or mercury could have this power in the 
moving state, if it had no relation at ail to the 
magnetic force in the fixed state? or, that it 
should have like power in the compact state, 
and yet have no relation to the magnetic force 
in the divided and moving state? The mere ad- 
dition of motion ccmld do nothing, unless there 
were a prior static dependence of the magnet 
and the metal upon each other. We know vexy 
well that the actions in the moving cases hi’* 
volve the evolution, or a tendency to the evo- 
lution, of electric currents; but that knowledge 
is further proof that the metals are in prior 
lation to the magnetic forces; and as bodies, 
even down to aqueous solution, have these elec- 
tric currents set up in them under like circum- 
stances, we have full reason to believe that all 
bodies when in the magnetic field are in like 
static relation as the copper when not moving: 
and that when motion is superadded, they 
would all evolve electric currents, were it not 
for their bad electro-conducting powers. 

3338. lliese effects of motion are known to 
be identic^ with those of the moving wire (36, 
55), or those of voltaic induction (6, &c.); ai^ 
their intensity and power is very well ^own in 
the force of Elkington’s magneto-electric ap- 
paratus and Ruhmkorff’s induction coil. Tm$ 
is concerned in their production, and Professor 
Henry has shown us, in some degree, that when 
^e currents are moving in helices, the mag- 
nelic action across them is for a time cut off or 
deflected (1730). These actions are, in every 
case, sample; i.e., a line of force in a ^ven polar 
direction produces, or tends to produce, in a 
body moving across it, whether paramagnetio 
neutral, or diamagnetic (3146, 3162), a current 
in ihe like direction; which current must, -dB 1 
conceive, be dependent upon a previoiss like 
static state. Nothing in the slightest degree aii^ 
alogous to the supposed oppositely polar statea 
of paramagnetic and diamagnetic bodies has 
ever been discovered amongst them; and it haa 
never been said, or supposed, as farw I know^r 
that the two actions, Le., the ma^elto.and 
magneto-eteotric, are separate m their esBeii& 
al nature, or that they are not the oom^»tefit 
and acccurdant, and 1 must 
tionaof anelo^ / 
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3339. Tfaftt eoppc^^ furaeffaelual m 
BUigoetie medial when m fi^^ nasylue stair 
edidso tluia: Let N, Ftgp. 3^ be a magnetic pote, 
and C a thick disc or Shoit< cylinder of copper. 
If the copper revolve ever so rapidly on its ax^ 
isi there will be no productkm of eurrents in it; 
and the magnetic action of N 
on other magnets will be the 
same, as if the metal were qui- 
escent or even away. If N re- ' 
cede from C there are then cur- 
rents in C, though it be not 
moving; andthou^ the effect of N upon other 
magnets, as far as we know them, k unchanged; 
yet there is then a slight attraction between C 
and the N pole. II N be made to approach C, 
the reverse currents and actions occur. As N 
approaches or recedes more quickly or slowly, 
t^ currents produced, and consequent tem- 
porary magnetic state, are higher. A cylinder 
dectro-magnet will show these effects very wdl. 
The copper has all the time been still, no mo- 
tion has been purposely given to it; it has been 
affected by tl^^ approximation and recession of 
the pole, has pass^ from one state to another, 
whi^ states remain stationary as long as the 
pedes are quiescent, and it shows every charac- 
ter of a medium affected by the magnetic force. 
By expedients the currents in the copper may be 
sHowedor prevented ; but whether thqy beallow- 
ed or not, the state the copper medium arrives 
at is the same. If disallowed as the magnet 
i^^proaches, but allowed as it recedes, then the 
current due to the last change occurs, an effect 
easily shown with a magnet and helix; and this 
seems to prove very distinctly that the copper 
wthin tiie constant indtience of the magnet has 
a. .permanent, static, magnetic condition; and 
ts therefore a magnetic medium, having lines 
of lorce passing tl^oug^ it. If C be of bismuth 
instead of copper, tlm same currents in the 
saiae direction occur, though in a far smaller 
dagm; and, as it is believ^, only because of 
decency in its conducting power. 

1 ;8340.j^eie;ean be no doubt that ve^ 
iaih^vadin these jdienommia, of the nature 
of which we have Uttie of no knowledge; and 
Matteuedi will prob- 
ahl|r Iwil ibo devdi^pments and discoveries of 
giM iinpoitanoe^ He stated that copper, when 
inet^ didktod, pres^its very peishting phe^ 
luliQiena, to be eonsidBr^ as a 

h(^ but that when ajsgt^^ 
nearly all^ its <6aixm4?»etie character die-; 
^gp^ears. 

. J i|PShMW42deid 166^360. 


ner in which tbe meee dififo]wnf» ofeoheskoi or 
division can so affect the diamagoetie charac- 
ter. He finds, too, that in other rCspedto, as hi 
Arago’s rotation, particles of nmtter act m a 
manner not to be anticipated from what is at 
present known of them as masses; and it k to 
be hoped and expected that when these results 
are enlarged and developed, we shall be able tO 
form a bkter judgement of the true physical 
action of magnetism than at pr^nt. 

Places of No Magnetic AcHm 

3341. The essentkd relation and dependence 

of the two magnetic dualities is manifoBted, X 
think, ip^a very striking manner, by ^e results 
which occur when we attempt to isolate north- 
ness or southness, by concentrating either of 
them on one space or piece of mattenand look- 
ing for their presence by effects, eitherof tension 
or any other kind, whether oonnectea with po- 
larity or not. A soft iron bar, an inch square, 3 
or 4 inches long and rounded at the edges, had 
thirty-two convolutions of covered copper wire 
0.05 of an inch in diameter put round it, so 
that covering the middle part of the bar, chief- 
ly, it could be shifted if needful a little nearer 
to one end than the other; such a bar could 
be rendered magnetic by an electric current 
passed through the wire, and a degree of adjust- 
ment, in the strength of the N and S ^tremi- 
ties, could be effected by this motion of the 
iron in its helix. Having six of these, it was 
easy to arrange them with their like poles to- 
gether, so as to include a cubical space or cham- 
ber, Fig. 9; and in this space 1 worked by eveiy 
means at my disposal. Ac- 
cess to it waseasily obtain- 
ed by a previous removal 
of a portion of the solid 
an^es of the ends which 
were to be brought togeth- 
er, or by withdrawing the 
dectro-magnetsa little the 
one from others, and 
then a ray of fight could be 
passed into or across it; magnetic needier or 
crystals of bismuth could be suspended in it; $ 
ring helix oouldbeiiitroduced and rotated theif^ 
and the motions of anything within coiid m 
observed by the eye outride. ; v r 

3342. A small ma^etic imecffe hnbg 
mkidle of this spene gave no indicalioti ^f #9^ 
magnetic povw^ jnear the open edges 

idbmtione oecurred, but they WSie 
sotiung compared to the powerful indieatioiw 
gim outride tim chamber ; even when the W 
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was woka^ bk^im smif. A 
mlil^ was entirdy indiff^ent. A f^oe of ^ 
mh hmf^^ a jointed copper wire witibin 
chamber diowed no trace of ma^netie pow^^ 
whet^r examined by the little needle of in any 
ot^er manner. Iron filings on a card across the 
chamber were not affected in the middle 
part, but only near the partly open angles. A 
ring helix of many convolutions, havingite ter- 
minations passing out at opposite comers, was 
connected with a very sensitive galvanometer 
and rotated ; it showed no trace of inductive ao- 
tion^ Numerous othef experiments werci made, 
but with results altogether negative. Attempts 
(though desperate) were made to ascertain if 
any eleotro-ohemical conditions were induced 
there, but in vain. Every kind of trial that I 
could think of, hot merely by tests of a polar 
character, but of all sorts, were, instituted, but 
with the same negative result. 

3343. It was of course not to be expected that 
any polar, i.e., any dually related polar, action 
could be exerted in this place; but if the polar- 
ities can exist without mutual relation, we might 
surely expect some condition, some tonic or 
static state, in a chamber thus prepared and 
surrounded with a high intensity of magnetic 
power, acting in great concentmtion on one 
particular spot or substance. But it is not so; 
and the chamber c^ers a space destitute of 
magnetic action, and free, under the circum*^ 
stances, from magnetic influence. It is the com- 
plete analogue of the space presented within a 
dbep metallic vessel or globe,^ when charged 
with electricity (1174). There is then no elec- 
tricity within, because that necessary connex- 
ion and dependence of the dectrio duds, which 
is ^»sential to their nature, cannot be. In like 
manner, there is no appearance of magnetic 
force in tiie cubical chamber, because the du- 
als are not both there at once, and one cannot 
be present without the other. 

3344. are many ways of examining in 
a more or less perfect manner these neutral and 
hi^y instructive magnetic places. A cavity in 
the end of an electronpaagnetie core or a per* 
xhanent xnagnet will present similar phenom- 
ena, aiKl in some respects even more perfectly; 
f(3T thou^ a trace of power will perhaps appear 
attheimttomof the cavity, thesumoramount, 
as coihpared to the sum of power at the end of 

show ho# com]dete anat* 
Ogy this space and the inteior of i 

vssHd ehai^ witii positive dr neg^ 
ti^.deetsicity'is*' A cylinder of soft irohi 
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inches in leiigth and '1^ in diametdr, bad a 
chmnber 0.9 in ^Bkmeter smd 1 inch in distil 
formed in one extremity eoheentric witih 'the 
cylinder; and being^phu^ in a powerful hetik 
of thick copper wire, and associated Witib a 
Giove^B batt^ of ten pair of ptotes; was ready 
fca* experiment: a like chamber^ magnet can 
be prepared by putting a proper iron ring 
against the end of any electro- or ordinary mag- 
mti and will show the phencto^oa I am abo^ 
to descxibe. A piece of soft iron, not more than 
0 J of an inch In length or thickness, hdd at 
the end of a copper wire and brought near the 
outer edge of the excited magnet pole. Will be 
very strongly attracted; but it be applied to 
the bottom of the chamber it will present no 
such effect, but be quite indifferent. If applied 
about the sides of the chamber, it will indicate 
no effect until it approaches the mouth. If the 
magnet be placed horizontally, and a piece of 
cardboard be cut, so that it can enter the 
chamber and represent a horizontal section of 
its cavity; and, being sprinkled over with clean 
iron filings, is then put into its position and the 
magnet excited for a moment that it may de- 
velop its power over the chamber and filings 
and give them their indicative position; it will 
be found that only those near the mouth have 
been driven into a new position (about the out- 
side angles of the pole), and that four-fifths cff 
those upon the surface of the card within the 
chamber have been left unaffected, 

If the chamber be filled with iron filings, dosed 
with a card, placed in a vertical position with 
the aperture downward, and the magnet be 
then excited and the card removed, the filings 
will fall out; ae thqy come out they wifi be, 
caught away, and foitn a fine fringe round the 
external an^es of the pole, but not one will re^ 
main at the bottom of the chamber, or evdi 
anywhere within the chain W, exc^ near to 
its external edge. Yet, if a piece of iron long 
enough to readi out of tibe chamber, as n nail 
3, or 4 inches tong, toudi the of 
chamber, it is stron^y attracted and hdd thev^i 
and wfil support a weij^t of Several ounces^, 
thoi^ prevented firom toudung tibe dbiunb# 
an^hereeise by a card with a hde in it planed 
over themouth. ' • 

3345; If aernaU magnetic needle, Aboht M 
of an Inch long,' be towards tiiSe 

ed magnetv it is almost uzsinanSgeabte 
son of the fcu’ce exerted upon it ; 

it has entered ^ diamlw/tiiepiS^ ; 

(iminidies, aabd at tim bottom 
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3846. If, kifitead of the loote and chamber de^ 
eeribed, m iroa tube of sufficient thickness of 
metal (as part of a gun-^barrel) be emi^oyed, 
then like ejects occur. If the magnetic ne^e 
be introduced, it ceases to be act^ upon when 
about 1.5 inch within the tube. If the tube be 
more or less filled with iron filings, and then be 
excited and held vertical, they will all pour out 
and fall away, except those which are retained 
at the exterzial edges. Yet, if a long nail or iron 
rod be introduced, so as to be partly out of the 
cylinder, then it will be strongly attracted at 
the internal point, where it touches the iron of 
the tube core. 

3347. The realization of like effects by group- 
ing together the poles of ordinary magnets gives 
most interesting results. I have four very hard 
steel magnets, each 6 inches in length, 1 inch in 
.breadth, and 0.4 nearly in tluckness. When the 
four like poles are put together, Fig. 10, they 



form a flat square chamber in the same plane 
as that of the magnets. If a piece of stiff paper, 
the size of this chamber, be raised on a block 
0.2 of an inch high, then sprinkled over with 
iron filings, and the magnets afterwards ap- 
proached regularly until the square chamber is 
formed, a little tapping on the card will then 
arrange the filings in fines from the sides of the 
square chamber to the centre. The filings show 
at once the direction of the lines of force in this 
medium plane, and their greater abundance at 
middle of each pole than at the re-entering 
an^es; and if the filings be then removed and 
the indication of the course of the lines be fol- 
lowed out by a small magnetic needle, it will be 
found that the lines rise upwards from this 
prilane above, and descend from it below, and 
titen turn upon their course in the free 
isptce over and breath the arrangement to- 
warcb the S poles of the different magnets. The 
condition will be understood in a moment, by 
considering the spbondyloids of power belong- 
ing to each magnet (32^1}, bM the m^itier in 
which they are associated wh^ the four like 
poles come together. 

^3348. Whm the magnets are turned edges 
Utm fonn a vertical chamber 1 indk^ 
l^sndon]y0.4ofen}nd»meddlh, and now 


phenmniena like those just described occur, but 
only near the entrances to the chamber; as the 
little i^eedle proceeds into the enclosed space, 
the power of the magnets becomes less and less, 
and at the middle of the 
chamber scarcely a trace 
remains; that place being, 
like the closed chamber, 
formed with six poles 
(3341), or like the bottom 
of a chamber formed in the 
end of a magnetic pole, a 
neutral place, or place of no magnetic action. 

3349. The transition by degrees, from a point- 
ed conical pole to an enclosed chamber, is, from 
the results described, very evident! and so also 
is their connexion with those belo^ng to the 
numerous neutral places produced under ord- 
inary circumstances (3234, Figs. €, W, 11, 15). 
Not the slightest difficulty or hesita^on occurs 
when these results are read or con^dered by 
the principle of representative lines of force; 
all the variations in the strength of the mag- 
netic force and in the direction appear at once. 
But the great point is to observe how they all 
concur in showing the necessity of the com- 
plete and equivalent dual relation of the mag- 
netic forces. When that is diminished or inter- 
fered with in any degree, in the same propor- 
tion does the power as a whole become dimin- 
ished; until, at last, it absolutely disappears 
from a given place, though energies of the 
strongest kind are directing the force on to that 
spot, supposing that one of the dual elements 
could exist in any degree without, or independ- 
ent of, the other. 

3350. When formerly working with bismuth 

and miagnets, I described several results (2293, 
2487, 2491) due to the principle of neutral 
magnetic places, more or less developed. If a 
sphere or cube of bismuth be delicately sus- 
pended by a vertical suspension or on a torsion 
balance, and an N pole be brought towards it, 
Fig. 11^, the bismuth will be repelled and the 
suspension deflected: if a 
second N' pole be brought 
up, as in the figure, the 
bkmuth will be less repell- 
ed by N than before, will 
return towards it; and N' 
will also seem to attract it, ^2 

for on apfMroaching the bismuth will tend to go 
into the angle l(Hrmed by N and NMIa third 
pde, be brought up on the opposite side, 
tiie bismuth will seem to be attracted by 
itf and by thefirst pole, and wiU» in fact, retain 




Fig. 11 
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very eearl j into the position it would have if 
all the magnets were away* I thought at one 
time that magnetic structure^ given by the seo^ 
ond north pole N' to the ixEmuth, mi^xt pro^ 
duee the approximation of it to N, and if eo^ 
that this would be neutralized by the acticm of 
a like pole on the opposite side, and so the 
approximation of the bismuth (if due to suc^ a 
cause) be prevented. On the contrary, how- 
ever, such a pole increased it; and a momentis 
consideration, by showing that the three poles 
form a chamber of diminished or no action 
(3341, 3347), shows also that such ought to be 
the case. All the movements of the bismuth are 
the result of the tendency which it has to pass 
from stronger to weaker places of magnetic ac- 
tion (2418) ; and in the present case they show 
that weakened place, which in a higher degree 
would be a place of no magnetic force. 

The Moving Condiustor 

3351. 1 wish to make a few further remarks 
(3336, 3337) upon the value of the moving con- 
ductor, as a means of investigation in magnet- 
ical science. It will be su6Scient to refer to far- 
mer papers for a statement of the principles, 
the power, and the certainty of its indications 
(31^, 3172, 3176, 3270). At present, I de&dre 
to apply it in a direct form of experiment, to 
the supposed contrary polarities of iron and bis- 
muth (3309). 

3352. Four metallic spheres of copper, bis- 
muth, soft iron, and hard steel, 0.8 of an inch 
in diameter, have been prepared; each has a 
copper axis carrying a si3^1 wooden pulley, so 
that when in its supporting frame, rotation, 
more or less rapid, can be given to it by the 
band of a multiplying wheel; each alw has a 
thin copper ring driven tightly on to it at the 
equator, which, bemg grooved, serves to retain 
a galvanometer wire pressed against that part 
during the revolution of the globe; the other 
wire meanwhile being held against the capper 
axis. These globes, in their frame, could be 
placed one by one in the magnetic field of a 
powerful permanent Logeman magnet, so as to 
be subject to the magnetic force, Fig. IS; ^d 
then rioted, and the currents of electricity in- 
duced m carried to galvanometers* Two 
Sttdh mdtiinixnents were emplo 3 red : dne,« Buhm- 
hate% with fine wire (2661), the other with a 
fb jft k wke of only four revolutimis (3178). 'Hie 
la^ was tiieb^y but both gave good indica*' 
tions. Tbe pjosition of all things concerned was 
^TSiBeiwed undisturbed during the ^qaerunents, 
so that it wiU sot be necessaxy todomomtima 


to <tes6r3>e aistaooard ^eot, and afterivai^ 
rder other effects to it. IMb standard mhy he 
taken from the current indicated when the 
copper globe was in the magnetic field; and it 
was su^, when the upper part of the g^be 
moved westward, as to send the south ei^of 
the galvanometer needles to the west also : eight 
or ten revolutions of the globe woidd cause the 
needles to pass through 80** or 9(f . 

3353. The soft iron sphere was jhtced in the 
magnetic fidd; it was so good in (haraoter as to 
retain very slight traces of magnetism when 
taken out again. Being revolved, it ^ve a cur- 
rent of electridty, the same in direction as that 
of the standard or copper ball. It is easy to voh 
derstand that if the globe be moved parallel to 
itself, but away from the magnet, in a line per- 
pendicular to the magnetic axis (as into the 
dotted position, 3352, Fig. 1$), it will pass 
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Fig. 13 

through places of weaker magnetic action. Un- 
der such changes of place, the induced current 
was weaker or stronger, according to the dis- 
tance, but always in the same direction. As- 
suming that the rotating metal supplies a true 
indication of the polarity or direction of tiie 
magnetic force (3077), the results show that 
the polarity of the force which induces these 
currents, and which is the magnetic force (rf 
the dominant magnet, is the same both in the 
copper and in the iron. Other oases of the cur- 
rent from revolving iron may be referred to in 
the Expi BeSi (3162). 

3354. The bismvtk globe was placed in il^ 
mf^netio field. If mads to revolve much, with 
the ^vnnometer wire pressmg agamst tiie co^ 
per equator (3352)^ the latter became warm % 
friction, and a pennant thermo-cumnt was 
prodim^: tins has been ocmsidered on a former 
occasion (3168). Its ^eot is easily eMminaM 
by revolving the fi^obe a #ven number of times 
in oppcMdtodiieGtions^ observii^ tke two defieo- 
tions, adding them together, and tddhg tim 
luiif of the sum for the amount of induced curw 
rent in eitl^ one direction or theothcs; lot as 
the ihennoHSurrent Is ackled on the onc^aide 
mi subtracted: on the other, n psoofds 
^ves the misl^aiiiouni of (ho induced 
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oTitm times, &b tbemioHriiset is so 
sm^ asito make tibe galvaaome^ideSeotio^ 
little more in oiie direction than in ifae 
otWij WMn due attention was ghren, the to?* 
tatih^ of the bismuth sphere pranced .an ino 
duoed current in precisely the same direction 
SB those, obtained witii tbe copper and iroU; 
and so far, tiverefore^ it indicate precisely the 
same direction of polarity tot the magnetic 
fotce then acting upon and tn it. 

3355. The Aord ri^si^ere, having beempre** 
riously examined by a small needle and found 
to be unmagnetised, was placed in the mag^ 
netic fitid. It was then revolved, and gave an 
induced magneto^lectric current in the some 
direction as tiie former currents. Being removed 
and again ejlainined by the magnetic neSdle, it 
was found not to have received any sensibie 
charge of magnetism. 

3356. So these four metal globes indicate 
like polarity of the magnetic force, acting upon 
and within them, when examined thus by the 
magneto-electric current due to movement 
across the lines of force. By researches de- 
scribed elsewhere, it is known that all metals, 
and all bodies which are sufficiently electro- 
conductors, down even to aqueous fluids, give 
tb^ same direction of the magneto-electric cui^ 
rent: it is never reversed vdthout reversicm of 
^ pdarlty, and reversion of the polarity ol- 
VHxys reverses the current induced. 

3357. The hard steri sphere was now made a 

mftgngA^ and tiiough not of good shape toTetain 
magnetism, yet teoause of its hardness it was 
al^ to su^n being placed in the magnetfo 
jfield, In a position reverse of the polarity 
there, and*yet retained its own polarity; lor 
when takmi.out and examined by a magnetic 
needle, the polarity was found to be the same 
as before. Such being the case, it seemed to me 
tfaMctfais magnet n^t be employed to repre- 
sent, according to the view of those who eon- 
eeive that iron and bismuth are pobriaed in 
oppositodireettons in the magatitio held, bath; 
wonanf inasmuch as it could be pla^ 

in thefieldih of pcdarity, which 

theseammpposedmgieetivelyln^ajoq 

ina^nsi waa therefore placed in the 
magnetic tidd m a positicm oc^ormaUe to 
that of the dominairi magnet, with iimM 
pde towards the B^pcIe of the &o.; 

aadhdaegh(ri»tiad,it g^ induoed' thagneto-^ 
cicwtiac eai^ lilm that of the standairdraaad 
ohhm (8852, 3353)^Tlm dtmnnant 

distaam <3353) and^ 

to 


do, the same mmmi as hefme ; lew it; bp ita.eo^ 
ereitive -mtains perman^tbr that state 
of pdarity which the won could reeeivh only 
whilst: m the magnetic flcdd; bting 
now turned 180^ in a horizontal direction, >tiie 
globe magnet was revised as regarded the 
dominant magnet (the latter being, howwer^ 
stifl at a distance)^ and now the globe magaet 
gave a current the remm of ithe former, or of 
tiie standard current; and yet a very ccmsistent 
current m relation to its own polarity.^ > 

3358. The dominant magnet was.now.gradr 
ually brought up, and its effect on the reversed 
globe magnet obmrved^ The current from the 
btter Jb«^e less and less, and at ^ was in- 
verted, becoming like that of the standard our4 
rent; nor can that be wondered at,\when it b 
considered that the dominaidi magr^ was the 
largest supplied by Logeman to the Great Ex-^ 
hibition, and able to sustain a weimt of 430 
pounds, and the sphere magnet only )p.8 of an 
inch in diameter, and very imperfectiy hard- 
ened in the interior. But wh^ the dominant 
magnet was withdrawn a little, a place was 
soon found for the globe magnet, where its vo^ 
tation in either direction product no current 
at all. Outside of this place, the rotated sphere 
gave a current, the reverse of that of the stand- 
ard; whilst the iron and bismuth spbeijes in the 
same place, gave currents alike in kind and the 
same as that of the standard. In this regioo^ 
therefore (and it is like the whole of the mag- 
netic field of many inferior yet very power^ 
magnets) , if we r^resent bismuth by a magnet^ 
reverstiy polar, as huanuth is supposed to be^ 
we obtain induced magneto-electric currents, 
not Iflce^those of bismuth, .but the contmry; 
and if we turn the representative magnet round, 
so as to i^ve it the position in whidi it yieldB 
currents like those of the bismuth, then its po- 
larity contradicts, or is the reverse of tiie as- 
sume polarity of the bismuth. 

3359. Now until the pobriiy or (tirection 
tiie magi^c force wMch deteimlBeB the course 
of the induced magneto-electric cturents pro- 
duced in every moving conductor, is dbtin- 
gukhed arid>86parated from the pdarity orvditt 
reotion which causes movement amoi^ 

ies subjected to^tbeeame foroe^ how ean these 
ihenomena be accounted for by tim 
tion that^bebismutb siffi.erek 
bw cotiffitiou m ^the reversed gfobe^uwsgeelf 
Ti»xevm9imM&^ in facVthetseii^te 
Irinsiutii fimd tO' iron; then bkmi;#ireldd4m 
caUst he tik The dmet 

sewBM tto in 





& ciJih^;'tia«a'tfae magD^ 
t^utb aretliie How easily aB these efleets 

ptesml thte^ves in a consistent lannv k reed 
hy the principle of representative Ones of force! 
1%e reversed globe magnet at a distance froni 
the dominant, shows, in revohrmg, the ^ect of 
the lines of force within it (3116) ; as the meg^ 
net is api»t)ached, its external E^hondyloid of 
poww is compressed inwards (3238, Fig, IS), 
and at last the magnet is self-contained; then 
showingthe equalization of its own powers, and 
as yet the absence from within it of any of the 
powers of the chief magnet; so that it gives nb 
induced currents, though in a place where bis- 
muth and iron would give them freely. Within 
that distance the effect of the superior and 
overpowering force of the great magnet ap- 
pears (3358), which, though it can take partial 
possession of the little magnet, still, when re- 
moved, suffers the force of the latter to devel- 
op itself again, and present the same series of 
phenomena as before. 

3360. Van Rees admits, I believe, that the 
moving wire shows truly the presence, direc- 
tion, and nature of the magnetic force or forces; 
and it is very important to know that the set- 
ting of a magnetic needle, or crystal of bismuth 
and the production of a current of electricity 
in a moving conductor, are like correlative and 
consequent effects of the magnetic force; the 
power of producing one or the other being rig- 
idly the same. Philosophers should either agree 
or differ distinctly on this point; so that if 
they differ, they may distinguish clearly the 
{i^ysical separation of the phenomena; which 
if established, must lead to new and hn^rtant 
discoveries. The polarity direction which the 
moving conductor makes manifest, ■ whfetiier 
that conductor be one of the paramagnetic or 
diamagnetic bodies themselves, or whether it 
be a conductor moving amongst them, either 
by Itsrif or with them, is always Ihe same. The 
electric current produced never indicates a 
dhange in the direction of the polarity, from 
that bdonging to Hke first source or seat of the 
psmsBr, whether it be a magnet, a sOl^oid, <» 
other nature; the only difference being 
Inltostteng&'Of theetectric cunent produced, 
wWA diff^nce is directly referable 'to the 
diMstto^ndocting power (314«3i ‘3152, 3163). 

be the natural truth, how oau' the two 
tedee (rfi’incUcation ever give opposite results? 
U ornate results seem to appear* slnd only 
oeMeb^i it it that mode of induction whids 

seatns tO’^ inconsistent with 


ena in abundance are knoym to produced by 
bodies having Woe polarity (3316), and When 
excellent {physical reasons, foimded on differ^ 
ential action, offer themselves for their explica- 
tion. Theie Is sufficient reason to admit that 
the magnetic needle cannot be always a true 
direct indicator of the mnount or the direction 
of magnetic action (2868, 2870, 31^ 3293^. 
Should wenot therefore, in resped to the above 
phenomena, rather conclude, for the time, that 
the simple and uniform results of thO one xhode 
of action, are the true indication;; ^ahd'tl^ 
where, in the other mode, the phenomena arO 
reversed or douUed, a part of them a!re eom^ 
pound in their nature? I may,' in conclusion, re-- 
mark, that the effects of motion and those pro^ 
duced in the action of magnetism on Ught, are 
never reversed in any case, whatever the med- 
ium in whidi they are observed both point to 
one direction of polarity only, namely that of 
the dominant source of magn^Sm. 

3361. I wUi bring these imperfect; observa- 
tions to an end by a very brief statement of 
what I suppose to be the condition of a magnet; 
and by a ffisdaimer, as to anything like convic- 
tion on all points Of that which I set forth as a 
supposition tending to lead to inquiry. Con- 
templating a bar magnet by itself, I see in it a 
source of dual power. I believe its dualiti^ are 
essentially related to each other, and Cannot 
exist but by that rdatbn. I think that though 
related thiou^ the msagnet by Sustaining poW« 
er, they are not so rdated by discharging or in- 
ducing power, a power equal in amount to the 
coercitive or sustaining power. The relation ex- 
ternally appears to me 'to be through the space 
around the magnet; in which space a sphondy- 
loid of power is present consisting of dos^ 
curves of magnetic forde. That the space is mt 
magnetically dark (3305) appears to me by tto; 
that when bodi^ occiipy th^t space, having 
like relation by ibiown phenomena to the pow- 
er as tiie space )ias, ^ copper, mercury, &e., 
they produce n^agnetoielectric currents when 
moved. When bodies (media) occupy the space 
around the magUet, they modify its capabUily 
of transzx^tng ^ relaring the dual fprc^ of 
the magnCt, and as they increase or diminhdb 
that capability, are paramagnetic or diama(j^ 
netic in thdr nature; ^ving rise to the pi®- 
nokuena which come under the terin 
netie conduction (2797). The same maghel-ean 
hold different diarges, as the in6diiKm''-edD^ 
necthigits poles vaiieB;andBO<me, ftdly charged 
witha good'inediiiin'fia kon betwesnits poteen 
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in power .idien tbeiron is repiax^ by air, 
or space; or bismuth. Corresponding effects oo* 
cur with longer or shorter magnets (3290), or 
with magnets made thick by adding many side- 
ways together (3287). The medium about a 
magnet may be mixed in its nature, and then 
more dual power is disposed of through the 
better conductor than the worse, but the whde 
amount of power remains unchanged. The pow- 
ers and utility of the media, and of space itself, 
fail, if the dual force or polar action be inter- 
rupted. The ma^et could not exist without a 
surrounding medium or space, and would be 
extinguish^ if deprived of it, and is extin- 
guished, if the space be occupied adversely by 
the dual power of a dominant magnet of suf- 
ficient force. The polarity of each line of force 
is in the same direction throughout the whole 
of its closed course. Pointing in one direction or 
another, is a differential action due to the con- 
vergence or divergence of the lines of force upon 
the substance acted on, according as it is a bet- 
ter or a worse conductor of the ma^etic force. 


3362. But though such is my view, I put it 
forth with aH the reservation made on former 
occasions (3244, 3299). I do not pretend to ex- 
plain all points of difficulty. I have no clear 
idea of the physical condition constituting the 
charged magnetic state; i.e. the state of the 
source of magnetic power: or of the coercitiv- 
ity by which that state is either redsted in its 
attainment, or sustained in its permanent con- 
dition; for the hypotheses as yet put forth give 
no satisfaction to my mind. I profess rather to 
point out the difficulties in the way of the views, 
which are at present somewhat too easily ac- 
cepted, and to shake men’s minds from their 
habitual ‘trust in them; for, next to develop- 
ing and expounding, that appears! to me the 
most useful and effectual way of re^ly advanc- 
ing the subject:— it is better to be aware, or 
even to suspect, we are wrong, tWn to be 
unconsciously or easily led to accep|b an error 
as right. \ 

Royal InatUuUon, Dec. 20, 1854 


On Static Electrical Inductive Action^ 

To R. Phillips, Esq., F.R,S. 


Deab Phillips, 

Perhaps you may think the following expei^ 
iments worth notice; their value consists in 
their power to give a very precise and decided 



idea to ^ mind resg^ecting certain principles 
of inductive electrictd action> which I find are 
many accepted with a dasree of doubt or 
obe^rity (hat takes away mudb of tbmr bar 
oad MM. Pao. 1848, Voh XHL 


portance: they are the expression and proof of 
certain parts of my view of induction. Let A in 
the diagram represent an insulated pewter ice- 
pail ten and a half inches high and seven inches 
diameter, connected by a wire with a delicate 
gold-leaf electrometer E, and let C be a round 
brass ball insulated by a dry thread of white 
silk, three or four feet in length, so as to remove 
the influence of the hand holding it from the 
ice-pail below. Let A be perfectly discharged, 
then let C be charged at a distance by a ma- 
chine or Leyden jar, and introduced into A as 
in the figure. If C poutive, E also will di- 
verge positively; if C be taken away, E will 
collapse perfectiy, the apparatus being in good 
order. As C enters the vessel A the divergmioe 
of E will increase until C is about three indies 
below the edge of the vessel, and will remain 
quite steady and unchanged for any greater 
depression. This diows that at that distance 
the inductive action of C is entirely exerted 
upon the interior of A, and not in any degree 
c^ctly upon maternal objects. If C be made (6 
touch the bottom of A, aU its chmge is com^ 
municated to A; there is no longer any Judder- 
thre action betwemi C and A, and upon be- 
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ing withdiriiwn and examinedi is founil per- 
fectly discharged. 

These are ail well-known and recognised ac- 
tions, but being a little varied, the following 
conclusions may be drawn from them. If C 
merely suspended in A, it acts upon it by in- 
duction, evdving electricity of its own kind on 
the outside of A ; but if C touch A its electricity 
is then communicated to it, and the electricity 
that is afterwards upon the outside of A may 
be considered as that which was originally up- 
on the earner C. As this change, however, pro- 
duces no effect upon the leaves of the electrom- 
eter, it proves th&t the electricity indticed by C 
and the electricity in C are accurately equal in 
amount and power. 

Again, if C charged be held equidistant from 
the bottom and sides of A at one moment, and 
at another be held as close to the bottom as 
possible without discharging to A, still the di- 
vergence remains absolutely unchanged, show- 
ing that whether C acts at a considerable dis- 
tance or at the very smallest distance, the 
amount of its force is the same. So also if it be 



held eccentric and near to the side of the ice- 
pail in one place, so as to make the inductive 
action take place in lines expressing almost ev- 
ery degree of force in different directions, still 
the sum of their forces is the same constant 
quantity as that obtained before; for the leaves 
alter not. Nothing like expansion or coercLon 
of the electric force appears under these vary- 
ing circumstances. 

1 can now describe experiments with many 
coneentric metallic vess^ arranged as in the 
whoro four ice-paHs are represented 
i^fatted from each other by plates of rimllac 
<m wfaidi they respectivriy stand. With this 
egetem the charged carrier C acts {uecisely as 


wi& the vessel, so &e interv^ 
of many conducting plates eanses no diffeienca 
in the amount of inductive effect. If C tbudi 
the inside of vessel 4, stilt the leaves are 
changed . If 4 be taken out by a silk thread, tiie 
leaves perfectly collapse; if it be introduced 
again, they open out to same degree as bo* 
fore. If 4 and 3 be connected bya wire let down 
between them by a silk thread, the leaves re- 
main the same, and so they still remain if 3 and 

2 be connected by a similar wire; yet all the 
electricity ori^nally on the carrier and acting 
at a considerable distance, is now on the out- 
side of 2, and acting through only a small non-^ 
ducting space. If at last it be communicated to 
the outside of 1, still l^e Iwtres remain un- 
changed. 

Again, consider the charged carrier C in the 
centre of the system, the divergence of the 
electrometer measures its inductive influence; 
this divergence remains the same whether 1 be 
there alone, or whether all foinr vessels be there; 
whether these vessels be separate as to insula- 
tion, or whether 2, 3 and 4 be connected so as 
to represent a very thick metallic vessel, or 
whe^er all four vessels be connected. 

Again, if in place of the metallic vessels 2, 3, 
4, a thick vessel of shellac or of sulphur be in- 
troduced, or if any other variation in the char- 
acter of the substance^ within the vessel 1 be 
made, still not the slightest change is by that 
caused upon the divergence of the leaves. 

If in place of one carrier many carriers in dif- 
ferent positions are within the inner vessdi, 
there is no interference of one with the other; 
they act with the same amount of force out- 
wardly as if the electricity were spread uniform- 
ly over one carrier, however much the distribu- 
tion on each carrier may be disturbed by its 
neighbours. If the charge of one carrier be by 
contact given to vessel 4 and distributed over 
it, still the others act through and across it 
with the same final amount of force; and no 
state of charge given to any of the vessels 2, 

3 or 4, prevents a charged carrier introduced 
within 4 acting with precisely the same amount 
of force as if &ey were uncharged. If pieces of 
shellac, slung by white silk thread and excited, 
be introduce into the vessel, they act exactly 
as the metallic carriers, except that their charge 
cannot be communicated by contact me- 
tallic vessels. 

Thus a certain amount of eLectridty iMli^ 
wfthm the centre of the vessel A exerib exaeSy 
the same.power external^, it ac| by 

induction tibrough the c^tace between it and 
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or whfi<to it to traiisfated hf emaiaeiioti to 
Ay so as absiolutely to deilitFoy the previous in*- 
d^ion within. Also, as to the inductive ac* 
tion, whether the space between C and A be 
filled with air, or with shellac or sulphur, hay« 
hig above twice the specific inductive capacity 
of air; or contain many concentric shells of 
oondiicthig matter; or be nine-tenths filled wiUi 
conducting matter, or be metal on one side and 
AeUae on the other; or whatever other means 
be taken to vary the forces, either by variation 
of distance or substance, or actual chai^ of 
the matter in this space, still the amount of ac- 
tion is precisely the same. 

Hence if a b^y be charged, whether it be a 
particle or a mass; there is nothing about its 
action which can at all consist with the idea of 
exaltation or extinction; the amount of force is 
perfectly definite and undmngeable : or to those 
who in their minds represent the idea of the 
electric force by a fluid, there ought to be no 
notion of the compression or condensation of 
this fluid within itself, dr of its coercibility, as 
some understand that phrase. The only mode 
of affecting this fc^rce is by connecting it with 
force of the same kind, either in the same or 
the cohtaary direction. If we oppose to it force 
of the contrary kind, we may by discharge neu- 
tralise the original force, or we may wUhovt 
discharge connect them by the simple laws and 
principles of static induction; but away from 
induction, which is always of ihe same kind^ 
there is no other state of the power in a charged 
body; that is, there is no^state of static electric 
force corresponding to the terms of simuMed 
or disgvised or laterd electricity away from the 
ordinary principles oi inductive action; nor is 
there ahy nAm where the electricity is more lair 
eni or more disguised than when it exists upon 
th^ diarged conductor of an electrical mad^e 
and is ready to give a powerful spark to any 
body broui^t near it. 


fection of inductive action. Suppose :a thin 
charged metaUio globe two or three feet in di- 
ameter, insulated in the middle of a chamber, 
and then suppose the sp^ within this 4 ^Qbe. 
occupied by myriads of little vesicles or parti- 
cles charged alike with electricity (or differeisb^, 
ly), but eadh insulated from its neighbour and 
the globe ; their inductive power wcwld be such 
that the outside of the globe would be charged 
with a force equal to the sum of all their forces, 
and any part of this globe (not charged of it- 
self) would give as long and powerful a spark 
to a body brought near it as if the electricity of 
all the^p^icles near and distant were on the 
surface of the globe itself. If we pam from this, 
consideration to the case of a cloud , then, though 
we cannot altogether compare the eternal sur- 
face of the cloud to the metallic sur^ce of the 
globe, yet the previous inductive effects upon 
the earth and its buildings are the same; and 
when a charged cloud is over the earth, although 
its electricity may be diffused over every one 
of its particles, and no important part of the 
indvotric charge be accumulated upon its un- 
der surface, yet the induction upon the earth 
will be as strong as if all that portion of force 
which is directed towards the earth were upon 
that surface; and the state of the eartlji and its 
tendency to discharge to the cloud will also be 
as strong in the former as in the latter case. As 
to whether lightning-discharge begins first at 
the cloud or at tiie earth, that is a matter far 
more diflicult to decide than is uaually sup- 
posed;^ theoretical notions would lead me to 
expect that in most cases, perhaps in ail, it be^ 
gins at the earth. I am, 

My dear Phillips, ever yours, 

M. FARABAr 

Royal lustUuHonf February 4, 1843 
1 SwpeHmmtal Besearehss, Par. 1370, 1410, 1404. 


A Speculai^ Touching ^ileettie Ctmduction and 
Nature o/ Matter^ 

To Tatlob, Sso* 


' ■' DsoabSib, 

Friday I opened the weeW^ evenliiis- 

the above 

title; and of pubtoh- 

^ Voi: xxzv; 


the matter further, but as it mvolves 
ecmrideratkm aiMi aj^lioatiou Of a fewof ti^use 
mito knowte^, 

tboi^tian aeeppntof itsimtuF6«andilQtoi3l^ 
Biot be^naceepti^ teyv^, 
at tto servei aa 





opioioa and vkfm^ as far aa ^b^ araaif preimt 
fenjwd. 

Tha.view of tjbe atomic constitutioaof mat- 
ter which I think is most prevalent, is that 
which CQUffldem the atom as a jSomething ma^ 
terial having a certain volume, upon which 
those powers were impressed at the creation, 
which have given it, from that time to the pies- 
ent, the capability of constituting, when many 
atmns are congregated together into groups, 
the different substances whose effects and jH'op- 
erties we observe. These, though grouped and 
held together by their powers, do not touch 
eaxsh other, but have intervening space, other- 
wise pressure or cold could not make a body 
contract into a smaller bulk, nor heat or ten- 
sion make it larger; in liquids these atoms or 
particles are free to move about one another, 
and in vapours or gases they are also present, 
but removed very much farther apart, though 
still rdiated to each other by their powers* 

The atomic doctrine is greatly used one way 
or another in this, our day, for the interpretar 
tion of phenomena, especially those of crystal- 
lography and chemistry, and is not so carefully 
distinguished from the facts, but that it often 
appears to him who stands in the position of 
student, as a statement of the facts themselves 
though it is at best but an assumption; of the 
truth of which we can assert nothing, whatever 
we may say or think of its probability. The 
word atom, which can never be used without 
involving much that is purely hypothetical, is 
often ivUnded to be used to express a simple 
fact; but good as the intention is, I have not 
yet found a mind that did habitu^y separate 
it from its accompanying temptations; and 
there can be no doubt that the words definite 
proportions, equivalents, primes, &c., which 
did and do express fully all ihe facta of what is 
usually called the atomic theory in chemistry, 
were dismissed because they were not 
sive enough, and did not say all that was in the 
inind of him who used the word atom in their 
stead; they did not express the hypothec as 
as the fact. 

] But it k always safe and philosophic to dis- 
tingukh, as much ss k in our power, fact from 
; the e^qserience of past ages k suffidenk 
US the wkdcxn of such a course; and 
eonsdering tke constant tendency .of the .mind 
te xest bn an assumption, and, when It answers 
wfmy piresent purpose, to forget that it k m 
we ou^it to ransmber.thai it, m 
itieh cases,, ji^omes n piejudice,' and inevit^ 


as a wke phUcaopher, has most^ 
trating the secrets of nature, and guessi^ by 
hypotbesk athermoik working, wiU 
careful, for hk own safe progress a^ 
of others, to dktingukh that knowledge ? 
oonskts id assumption,, by winch I mean tiiie?: 
ory and bypothens, from that which is 
knowledge of facts mi laws; never raking f&S 
former to the dignity or authority of the^M^r 
nor confusing the latter mm's than k ipevitajide . 
with the former. 

light and electricity are two great and searidH 
ing investigators of the moleqular struqtiweiof 
bodies, and it was whilst considering tbeprot^' 
able nature of conduction and in^ation k 
bodies not decomposable by the .electricity to , 
which they were subject, and the relation, of: 
electricity to space contemplated as void qf 
that which by the atomkts k called ma^ter^ 
that conriderations something like those which 
follow were presented to my mind. 

If the view of the constitution of matter si*; 
ready referred to be assumed to be correct, and 
I may be allowed to speak of the particles of 
matter and of the space between them (in ww^, 
ter, or in the vapour of water for instance) as^ 
two different things, then space must be tslmn 
as the only continuous pari, for the partides. 
are considered as separated by space from eadi. 
other. Space will permeate aU masses of nmtter 
in every direction like a net, except ihat in 
place of meshes it will form ceUs, isolating 
atom from its neighbours, and itsdf only 
continuous. , ; 

Then take the case of n piece of 4EMIao» 
non-conductor, and it would ajmear at 
from such a view of its atomic constitiiti^ 
that space is an insulator, for if it were a con- 
ductor theshdlac could not insulate, whatever 
might be the relation as to conducting pekve: 
of its material atoms ; the space woi# be tffee a 
fine metailie web penetrating it in evjSiry dkee- 
tion, just as we may imagine of a iieSp of 
ceous sand having all its pores filled Witii 
ter; or as We may consider of a stibk of bladr ' 
wax, which, though it cbnlnhis aninfihrty of 
tides of conducting charcbal diffu^ 
every part of it^ cannot oonduet, because a 
non-oonductissEg body (a resin) .interveasg apd 
s^NirateB tbekn one from anotbsi^likebheie^ 
powd space in the lac. 

NexttalmjtiieGaaeof axisstal, pla^nwicy 
potassimii, constituted, according 
ie theory^ in the saane mamm.- TbaiaejM i|l 
oonductor; Jnit hew can thk b^ 
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be a c(m<toc$tdr7 for it is> the only <mtiaiu)us 
part of the Metat^ bM the atoms not only do 
not toii<^ (by fhe theory), but as we i^iall see 
presently, must be assumed to be a coasidex^ 
able way apart. Space therefore must be a con** 
duotor, or Mse the metals could not conduct, 
but would be in the situation of the black seal- 
ing-wax referred to a little while ago. 

But if space be a conductor, how then can 
shellac, sulphur, Ac. insulate? for space per- 
meates them in every direction. Or if space be 
an insulator, how can a metal or other similar 
body conduct? 

It would seem^ therefore, that in accepting 
the Ordinary atomic theory, space may be 
proved to be a non-conductor in non-conduct- 
ing bodies, and a conductor inr Conducting boci- 
ies, but the reasoning ends in this, a subversion 
of that theory altogether; for if space be an kr- 
S^tor it cannot exist in conducting bodies, 
and if it be a conductor it cannot exist in insu- 
lating bodies. Any ground of reasoning vhich 
tends to such conclusions as these must in it- 
self be false. 

In connexion with such conclusions we may 
consider Shortly what are the probabilities that 
present themselves to the mind, if the exten- 
sion of the atrnnic theory which chemists have 
imagined, be applied in conjunction with the 
conducting powers of metals. If the specific 
gravity of the metals be divided by the atomic 
numbers, it gives us the number of atoms, up- 
on the hypotfaei^, in equal bulks of the metals.^ 
In the fc^owing table the first column of fig- 
ures expresses nearly the number of atoms in, 
and the second column of figures the conduct- 
ing power of, equal volumes of the metals 
named. 


Atoms 


Conduoting 

power 

1.00 

gold 

6.00 

1.00 

silver 

4.66 

1.12 

lead 

0.52 

1.30 

tin 

1.00 

2.20 

platinum 

1.64 

2,27 

zinc 

1.80 

2.87 

copper 

6.33 

2.90 

iron 

1.00 


So h^ ircm, which contains the greati»t 
nstmbi^ of atoto In a given bulk, is t^ worst 
eOnduetar excepting one; gold, which oontatns 
the fewest, is nearly the best condUGtm*^ Not 
these conditions are in inverse propbr- 
ti(^foreopper,iKdihsh eontainenearly asnmn^ 
ati^.as iron, oonduets better stiU than gdd# 
|Vrtth above tie times tiie power of ItOfL 


Lead, which contains more atoms than gold, 
has only about one-twelfth of its conducting 
power; lead, which is much heavier than tin 
and much lighter than i^timim, has only half 
the conducting power of either of these metals. 
And all this hai^ns amongst substances which 
we are bound to consider, at present, as ele- 
mentary or simple. Whichever way we ccmsid- 
er the particles of matter and the space be- 
tween them, and examine the assumed consti- 
tution of matter by this table, the results are 
full of perplexity. 

Now let us take the case of potassium, a 
compact metallic substance with excellent con- 
ducting pow^s, its oxide or hydrate a non-con- 
ductor; it will supply us with some facts hav- 
ing very important bearings on the aipumed 
atomic construction of matter. \ 

When potassium is oxidized an atom of it 
combines with an atom of oxygen , to foip an 
atom of potassa, and an atom of potassa com- 
bines with an atom of water, consisting or two 
atoms of oxygen and hydrogen, to form an at- 
om of hydrate of potassa, so that an atom of 
hydrate of potassa contains four elementary 
atoms. The specific gravity of potassium is 
0.865, and its atomic weight 40; the specific 
gravity of cast hydrate of potassa, in such state 
of purity as I could obtain it, I found tp be 
nearly 2, its atomic weight 57. From these, 
which may be taken as facts, the following 
strange conclusions flow. A piece of potassium 
contains less potassium than an equal piece of 
the potash formed by it and oxygen. We may 
cast into potassium oxygen atom for atom, and 
then again both oxygen and hydrogen in a two- 
fold number of atoms, and yet, with all these 
additions, the matter shall become less and 
less, until it is not two-thirds of its original vol- 
ume. If a given bulk of potassium contains 45 
atoms, the same bulk of hydrate of potassa 
contains 70 atoms nearly of the metal potamvmt 
and besides that, 210 atoms more of oxygen 
and hydrogen. In dealing with assumptions I 
must assume a little more for the sake of making 
any kind of statement; let me therefore assume 
that in the hydrate of potassa the atoms are all 
of one size and nearly touching each other, and 
that in a cubic inch of tibat substance there are 
2800 elementary atoms of potassium, oxygen 
and hydrogen; take away 2100 atoms of oxy- 
1 ^ ai^ h^^rogen, and the700atmnsof potas- 
ium r^nakdng will swell into mmre than a cub- 
k inch and a , and if we diminish the num^* 
bm until only those oontabable in a cubic inch 
remain, we shaH have 430, m thereabout* So.a 
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apace which can cxmtam 2800 atoms, and 
amongst th^ 700 of potassium itself, is found 
to be entirely filled by 430 atoms of potaasiam 
as they enst in the ordinary state of that meb- 
al. Smely then, under the suppositions of the 
atomic theory, the atoms of potassium must be 
very far apart in the metal, i.e., there mxist be 
much more of space than of matter in ^at 
body: yet it is an excellent conductor, and so 
space must be a conductor; but then what be** 
comes of shellac, sulphur, and all the insulat- 
ors? for space must also by the theory exist in 
them. 


Again, the volume which will contain 430 
atoms of potassium, and nothing else, whilst in 
the state of metal, will, when that potassium is 
converted into nitre, contain very nearly the 
same number of atoms of potassium, i.e., 416, 
and also then seven times as many, or 2912 
atoms of nitrogen and oxygen besides. In car- 
bonate of potassa the space which will contain 
only the 430 atoms of potassium as metal, be- 
ing entirely filled by it, will, after the conver- 
sion, contain 256 atoms more of potassium, 
making 686 atoms of that metal, and, in addi- 
tion 2744 atoms of oxygen and carbon. 

These and similar considerations might be 
extended through compounds of sodium and 
other bodies with results equally striking, and 
indeed still more so, when the relations of one 
substance, as oxygen or sulphur, with difierent 
bodies are brought into comparison. 

I am not ignorant that the mind is most pow- 
erfully drawn by the phenomena of crystalli- 
sation, chemistry and physics generally, to the 
acknowledgement of centres of force. I feel my- 
self constrained, for the present hypotheticid- 
ly, to admit them, and cannot do without them, 
but I feel great difficulty in the concepti<m of 
atoms of matter which in solids, fiuids and va- 
pours are supposed to be more or less apart 
from each other, with intervening space not 
occupied by atoms, and perceive great contra*^ 
dictions in the conclusions which flow from 


such a view. 

If we must assume at all, as indeed ina branch 
of knowledge like the present we can hardly 
help the safest course fq)peaFB to be to 
as&nune as little as possible, and in that respect 
the atoms of Boscovich appear to me to have a 
great advantage over the more usual' notion. 
His atoms, if 1 undierstand aright, axe mere 
centres of forces or powers, not particles of 
matter, m which the powers themadves jeride; 
If, in the ordinary view of atoxzks, we call the 

of matter away Irdm 


the syston of powi^cr fbreMhlil^ 
m, then in Bosoovidi’s the^n dimppeaniyOr 
is a miore mathematical pointy whilst m the ni* 
ual notion it is a little uncbangeabte, impend 
treble piece of matter, andm k an atmosphiass 
of force grouped around it , 

In many of the hypothetical uses made of 
atoms, as in crystallography, chemistry, msgr 
netism, &c., this difference in the assumption 
makes little or no alteration in the result!^ but 
in other cases, as of dectric conduction, thena- 
ture of light, the manner in which bodies eemor 
bine to pi^uce compounds, theeffectsof forces, 
as heat or dectricity, upon matter, the differ- 
ence will be very great. 

Thus, referring back to potassium, in whidi 
as a metal the atoms must, as we have seen, be, 
according to the usual view, very far apart 
from each other, how can we for a mom^t 
imagine that its conducting property bdongs 
to it, any otherwise than as a consequence of 
the properties of the space, or as I have called 
it above, the m? so also its othCr properties in 
regard to light or magnetism, or solidity, or 
hardness, or specific gravity, must belong th it, 
in consequence of the properties or forces fd 
the m, not those of the a, which, without the 
forces, m conedved of as having no powerSi. 
But then surely the m is the mo^ of the potas- 
sium, for , where is there the least ground (ex- 
cept in a gratuitous assumptkm) for imagining 
a difference in kind between the nature that 
ig>ace midway between the centres of two ocn- 
tiguouB atoms and any other spot between these 
centres? a difference in degree, or even in the 
nature of the power consistent with the law of 
continuity, I can admit, but the difference be^ 
tween a supposed little hard particle and the 
powers around it 1 cannot imagine. 

To my mind, therefore, the a or nuoteus van* 
idms, and tiie substance consists of the powers 
or m; and indeed what notion can we foim id 
the nucleus independent of its powem?.al!l our 
perception and knowledge of the atema, l^Ml 
even our Bmey , is limited to ideas of its powers : 
what though remains on which to h^ tim 
imagmationof aaaindependeiri^of 
edg^ forces? A nand just entering ^ tiie tiib- 
}eet may cofitider H difficult to timde of tha 
powers of matter independent of # nepeirato 
sometiiing to be called tie mofter, but it is 
tahiy far more difficult, and indeed i mp esi # d ^ 
to thiyt of or inmgiiM timt 
of the powers. Now the pomm W Imw arid 
recognise in every pbehomendii 
tion, tiio abstnud 





of tbi^t of m wri 
JgootaEtt^; whidk Ivor can^t coneesve^ and for 
tiielo Is no philosopldcai necessity? 

Befe^ ododuding these' speealations I wSl 
to a'fear of the important differences be- 
tween the assumption Of atoms consistingmere- 
1^ Of entree of fobce, like those of Bosoovich, 
ond that other assumption of molecules of 
Sometiiing specially material^ having powers 
at&u^ed in and around them. 

With the latter atoms a mass of matter con- 
sht»‘ of atoms and int^vening space, with the 
hjltm&f atoms matter is everywhere present, 
find th^e is no mtervening space unoccupied 
by it. In gases the atoms touch each other just 
as truly as in solids. In this respect the atoms 
of water touch each other whether that sub- 
stance be in the form of ice, water or steam; 
,pp mere interv^oing space is present. Doubt- 
Im the centres of force vary in their distance 
one from another, but that which is truly the 
iQ^tter of one atom toimhes the matter of its 
i^ghbours. 

B^ce matter will be eorUinuotii throughout, 
and in considering a mass of it we have not to 
suppose a distinction between its atoms and 
any intervening space. The powers around the 
centres give diese centies the properties of at- 
oms of matter; and these powers again, when 
many centres by their conjoint forces are group- 
ed into a mass, give to every part of that mass 
the properties matter. In such a view all the 
contradiction resulting from the consideration 
of dectiio insulation and conduction disappears. 

The atoms may be conceived of as hi^y 
dastk, instead of being supposed excessively 
hM and unalterabie in f6rm; the mere com- 
pfSsincm of a bladder of air between the hands 
can alter thwsixe a little; and the experiments 
of <?agt]iiid de la Tdur carry bn tins change in 
slaeimtMifte difference onetime abd 

anotiber xnay be made Several hundred timeeu 
Sueh' is'slao the ease when a schd or a fluid 
body ii bcnvbrted into vap^. 

Wi^ rei^urd ahb to the sSops of the atoms, 
aMraccsidizigtoIhe orcUbmy asm^npticn, ito 
d^lnilbaiidui^terabto^^^ anoth^ view 

must now ^be talsea of atom by itsSlf 
beb^hceiveil of US s|^erical, or spheroid^* 
aif orrad)^ direo- 

the ibntt beitbcoght of as a^do- 
dMsfaeAfOn; tet any one^would be sunomidsd 
by aiid bbar aii^st bh dBAntmt 

ihm ttbmi be^Sonoeived to be a bea- 
IhaS^iidikh is ordhuudiy 
to abfti the Sem 


to the dup)Bili 0 n and fcbdive&teittity d the 
foFooB. The power arranged In and around a 
centre mi^t be uniform in anUngenient and 
ihtensity In every direction outwards frcan 
that centre, and tiien a seotion d equal 
intenfflty of force through the radii would be a 
Inhere; or the law of decrease of force from the 
c^tre outwards^might vary in different diieof 
tions, and then the section of equal mtensity 
might be an oblate or oblong spheroid, or have 
other forms; or the forces might be disposed so 
as to make the atom polar; or they might circu- 
late around it equatorially or otherwise, after 
thS manner of imagined magnetic atoms. In 
biet nothingtcan be supposed of the dis]^tidn 
of forces in or about a solid nucleus of patter, 
which cannot be equaUy conceived mth re- 
spect to a centre. T 

^ In the view of matter now sustained W the 
lesser assumption, matter and the ato^ of 
matter would be mutually penetrable. ^ re^ 
gards the mutual penetrabiUty of matter, one 
would think that the facts respecting potas- 
sium and its compounds, already descried, 
would be enough to prove that point to a mind 
which accepts a fact for a fact, and is not ob- 
structed in its judgement by preconceived no- 
tions. With respect to the mutual penetraMty 
of the atoms, it seems to me to present in ibany 
points of view a more beautiful, yet equally 
probable and philosophic idea of the ocmstitu- 
tion of bodies than the other hypotheses, espe- 
cially in the case of chemical combination. If 
we suppose an atom of oxygen and an atom of 
potassium about to combine and produce pot- 
ash, Hie hypothesis of solid unchangeable im- 
penetrable atoms i^aces these two particles 
side by side in a position easily, because me- 
chanically, imagined, and not unfrequently 
reprssentod; but if tl^ two atoms be centres 
of poweritt^y will mutually penetrate to: the 
very centres, tibus forming one atomi or mole- 
cule with powers, either uniformly around it or 
arranged as the resultant of the powers of the 
two constituent atoms; and the manner m 
wfaidt two or niaiiy c^tres of force may la Hus 
wny Gbmbine, and afterwards, undeif the 
minion of stronger forces, sepaiate , may 
in some degree be ilimkated by ihe beautffd 
ease of the eo^tmction of two sea waves^c^^ 
fereht vdoeities iato hue, thdr didon 
for a time, imd final sqparaH(m 
Wtoat waves, coneidmed, X Hthac, attflm 
idoetiaf of IheMt^ 

ta dbas not el conme foiiow:, vM 


w ill' 


dtpeM atMW 

powers of eadi atom. .'■; 

-The view now steted of Ihe oonstatiitimi of 
ibattw wodd sem to invdve neoeasai^ the 
oondodon that matter fills all space, <», at 
Imst, all space to which gravitation extends 
<i!icla^ng the sun and its system); for gravi> 
taticm is a propmty of matter dependent cm a 
certain force, and it is this force whidi consti- 
tutes the matter. In that view matter is not 
merely mutus^ypeuetrable, tot ea<^ atom ex- 
tends, BO to say, throughout the whole of the 
solar system, yet always retaining its own cen- 
tre of force. This, at first sight, seems to fall in 
very harmoniouriy with Mossotti’s mathemat- 
ical investigatacms and reference of the phe- 
nomena of el«d>ricity, cohesion, gravitation, 
&e., to one force in matter; and also again with 


eld adegt^^^^mslie^ ehimot'ndl'silMtt'^ M • 
ni^.‘’^Batit kim my intMStihftitoMiattt’ 
kto scidh eotaddiaratiens as tiieBe,-orvjhat*lliS 
hearings of ttfis hypotheBis woidd 
thecoy of lig^t andtfaestmposed edmr; Myt^' 
riire has be»i rather to bt^ certain' facts dthk 
deotrieal oohdtiction and drmnical cmnbia*‘' 
tion to bear stronidy vitoS regaapfisil; 

the natme'of atotor and' matter, nnd so td^iu- 
sist in distinguiBhing in natural' phiiosophy osGr 
real knowled^,iie., the knowiedgs of facts and 
laws; from -^t, whieb, though it hss tibie fmsa 
of knowledge, may, from its mdbding sowotb 
that is mere assumption, be the vky i wv et sS . 

1 aan, my dear Sir, yours, dto, 

Mioaum FsBahaT . 

Royei Inatitution, Jamtary 2S, 1844 
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On the Diamagnetic Conditions of Flame and Oases^ 

To Richard Tatlob, Ebq. 


Mt dbab Sir, 

I lately received a paper from Professor Zan- 
tedeschi, published by him, and containing an 
account of the discovery, by P, Bancalari, of 
the magnetism (diamagnetism) of aflame, and 
of the further experiments of Zantedeschi, by 
vdiich he confirms the result, and shovns that 
flame is repelled from the axial line joining two 
magnetic poles. I send you the paper that you 
may, if you estimate its importance as highly 
as I do, reprint it in the Philosophical Magoh 
tint; and i send also with it these further ex- 
perimental confirmations and extensions of my 
own. As M. Zantedeschi has published his re- 
sults, I have felt myself at liberty to work'tm 
file subject, Which of course interested me very 
closely. Probably what I may describe will 
o^y oom^ in confirmation of that which has 
l^n done already in Italy or elsewhere;'and if 
sb, I hope to stand excused; for a- second wit^ 
iiesB to an important fact is by no meanseuper^ 
and may in the present case help td 
inke dtiseCs to enter activdy rntio the up line 
of itevesidgatibn presented by sfiam^gnetic bcd- 
ieS'tefibraUy. 

1 sbcm teirtfied the chief restilt of tho diamag- 
dffecticai (rf And Scarcely tea^ 

tmM have to obseive the e^ 

As I suppose I have obtained muf^ mOre 


iU' 

striking evidence tton that Tefeired to ib 280 - 
tedescU’s paper, I will describe 'the shapw’aaid 
arrangement of the eesential parts of my 
ratuB. The dectr)>magnet uato wm theiitoW^ 
ful one described in theFa^TCfimentei AeanmeftO 
(2247). The two terminid fneoes of inoi'fmm- 
ii^ the virtual magnetic poles wero eajdi'lJT 
inch square and six inches long; tot the^oMk 
were shaped to a form approstoing thst ol* 
Otoe, of which the sidee have an an^wftdi^ 
100*, and the axis Pf which is hmstotal aD^& 
the upper surfaee cf -tiie pieces of ironV-Tlie 
apex of toch end was rhuhded; neariy’atiehfih 
oi an of the otoe bekg in tias wayilM^ 
moved. When thrae tkminatitos tuw briniii^ 
near to ecuh other, they ^ve a pdwerMiriiiiii 
in themagnetic field, the asi^ IhiBPf 

netto fomk of ebtosehoriabntal, and to’Attto 
d nearly With the uppeksurface of tl# 
have found ‘tois fomWheee(fii)gly>a^MXih^|8^ . 
oto ins greet variety^edia^fSktolrik:* 

When the fiatme of taper WakiheldMMi' 

the axitd fine, but'on one idde drdhe'^eiltiMl^ 

atout' emeHildrd of toe flame rifling abevw!^ 
levd of'toeupper stofiiee <d'toe’polto,'>ttitoait 
as'toe^magjiritod(ntoWiatoi toeflitoiiftoi^^ 
feeted; todhflcededtoaiifi tobaxiidl&ejaM^ 
equattoia%, Utatoit’toek^Sh : 

as if a gentle wind was eamo^ itg#ifli Mfci * : 
fromttoupri^tporftitottoeffeetwUtoeiiM 
toeiaitasit toe majptolnto'WMM^ . 
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The effect was not insisiiitaneous, but rose 
gradually to a maximum. Itceased very quickly 
when tlm magnetism was removed. The pro- 
gressive increase is due to the gradual produc- 
tion of currents in the air about the magnetic 
fieldf which tend to be, and are, formed on the 
assumption of the magnetic conditions in the 
presence of the flame. 

When the flame was placed so as to rise truly 
across the magnetic axis, the effect of the mag- 
netism was to compress the flame between the 
points of the poles, making it recede in the di- 
rection of the axial line from the poles towards 
the middle transverse plane, and also to short- 
en the top of the flame. At the same time the 
top and sides of the compressed part burnt 
more vividly, because of two streams of air 
which set in from the poles on each sidedirectly 
against the flame, and then passed out with it in 
the equatorial direction. But there was at the 
same time a repulsion or recession of the parts 
of the flame from the axial line; for those por- 
tions which were below did not ascend so quickly 
as before, and in ascending they also passed 
off in an inclined and equatorial direction. 

On raising the flame a little more, the effect 
of the magnetic force was to increase the in- 
tensity of the results just described, and the 
flame actually became of a flsh-tail shape, dis- 
posed across the magnetic axis. 

If the flame was raised until about two-thirds 
of it were above the level of the axial line, and 
the poles approached so near to each other 
(about 0.3 of an inch) that they began to cool 
and compress the part of the flame at the axial 
line, yet without interfering with its rising free- 
ly between them; then, on rendering the mag- 
net active, the flame became more and more 
compressed and shortened; and as the effects 
proceeded to a maximum, the top at last de- 
scended, and the flame no more rose between 
the magnetic poles, but spread out right and 
left on each side of the axial line, producing a 
double flame with two long tongues..ThiB flame 
was very bright along the upper extended 
forked edge, being there invigorated by a cur- 
r^t pf air which descended from between the 
poles on to the flame at this part, and in fact 
drove it away in the equetorial direction. 

^ .When the magnet was thrown out of action, 
the Same resumed its ordinary upright form 
h^ween the poles, at once; b^g depressed 
and jctd&idded again the renewal of the mag- 
laatie action. 

aemali flame, only about one-third of 
aaiadhhigh, was placed between the pcSes, the 
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magnetic force instantly flattened it into an 
equatorial disc. 

If a ball of cotton about the size of a nut be 
bound up by wire, soaked in ether, and inflamed, 
it will give a flame six or seven inches high. 
This large flame rises freely and naturally be- 
tween the poles; but as soon as the magnet is 
rendered a^ive, it divides and passes off in two 
flames, the one on one side, and the other on 
the other side of the axial line. 

Such therefore is the general and very strik- 
ing effect which may be produced on a flame 
by magnetic action, the important discovery 
of which we owe to P. Bancalari. 

I verified *the results obtained by M. Zan- 
tedeschi with different flames, and found that 
those produced by alcohol, ether, coal-cas, hy- 
drogen, sulphur, phosphorus, and camphor were 
all affected in the same manner, though not 
apparently with equal strength. The brightest 
flames appeared to be most affected. \ 

The chief results may be shown in a manner 
in some respects still more striking and instruc- 
tive than those obtained with flame, by using 
a smoking taper. A taper made of wax, coloured 
green by verdigris, if suffered to burn up- 
right for a minute and then blown out, will us- 
ually leave a wick with a spark of fire on the 
top. The subdued combustion will however still 
go on, even for an hour or more, sending up a 
thin dense stream of smoke, which, in a quiet 
atmosphere, will rise vertically for six or eight 
inches; and in a moving atmosphere will show 
every change of its motion, both as to direction 
and intensity. When the taper is held beneath 
the poles, so that the stream of smoke passes a 
little on one side of the axial line, the stream is 
scarcely affected by the power of the magnet, 
the taper being three or four inches below the 
poles; but if the taper be raised, so that the 
coal is not more than an inch below the axial 
line, the stream of smoke is much more affect- 
ed, being bent outwards; and if it be brought 
still higher, there is a point at which the smoke 
leaves the taper-wick even in a horizontal di- 
rection, to go equatarially. If the taper be held 
so that the smoke-stream passes through the 
axial line, and then the distances be varied as 
before, there is little or no sensible effect when 
the wick is four inches below: but being raised, 
as soon as the warm part of the stream is be- 
tween the poles, it tends to divide; and when 
the ignited wick is about an inch below the ax- 
ial Une, the smoke rises vertically in one col- 
umn until about two-thirds of that distance is 
passed over, and then it divides, going rig^t 
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md lefti leaving the space between the poles 
dear. As the taper is dowly raised^ the divi^ 
.sion of the smoke descends, taking place lower 
down, until it occurs upon the wick, at the dis- 
tance of 0.4 or 0.6 of an inch below the axial 
line. If the taper be raised still more, the mag- 
netic effect is so great as not only to divide the 
stream, but to make it descend on each side of 
the igmted wick, producing a form resembling 
that of the letter W ; and at the same time the 
top of the burning wick is greatly brightened 
by the stream of air that is impelled down- 
wards upon it. In these experiments the mag- 
netic poles should be about 0.25 of an inch 
apart. 

A burning piece of amadou, or the end of a 
splinter of wood, produced the same effect. 

By means of a like small spark and stream 
of smoke, I have even rendered evident the 
power of an ordinary magnet. The magnet was 
a good one, and the poles were close to each 
other and conical in form. 

Before leaving this description of the gener- 
al phenomenon and proceeding to a considera- 
tion of the principles of magnetic action con- 
cerned in it, I may say that a single pole of the 
magnet produces similar effects upon flame and 
smoke, but that they are much less striking 
and observable. 

Though the effect be so manifest in a flame, 
it is not, at first sight, evident what is the chief 
cause or causes of the result. The heat of the 
flame is the most apparent and probable con- 
dition; but there are other circumstances which 
may be equally or more influential. Chemical 
action is going on at the time: solid matter, 
which is known to be diamagnetic, exists in 
several of the flames used: and a great differ- 
ence exists between the matter of the flame 
and the surrounding air. Now any or all of 
these circumstances of temperature, chemical 
action, solidity of part of the matter, and dif- 
ferential composition in respect to thesurround- 
ing air, may concur in producing or influencing 
the result. 

I placed the wires of an electrometer, and 
also of a galvanometer, in various parts of the 
affected flame, but could not procure any indi- 
cations of the evolution of electricity by any 
action on the instruments. 

I examined the neighbourhood of the axial 
Bne as to the existence of any current in the 
air when there was no flame or heat there, us- 
ing the v isi ble fumes produced when little pel-* 
lets of paper dipped in strong solutions of am- 
Bmpia and muriatic acid were held near each 


oth^; and thou|^ I hmd that a stream ^ 
such smoke was feebly affected by the mag- 
netic power, yet I was satisfied th«pe was no 
current or motion in the common mr, as sudi, 
between the poles. The smoke itself was feebly 
diamagnetic; due, I believe, to the solid parti- 
cles in it. H 

But when flame or a glowing taper use^, 
strong currents are, under favourable circaun- 
stances, produced in the air. If the flame be be- 
tween the poles, these currents take their ceurae 
along the surface of the poles, which they leave 
at the opposite faces connected by the axid 
line, and passing parallel to the axial line, un- 
pinge on the opposite sides of the flame; and 
feeding the flame, they make part of it, aitd 
proceed out equatorially. If the flame be driv- 
en asunder by the force of these currents and 
r^reat, the currents follow it; and so, when the 
flame is forked, the air which is between the 
poles forms a current which sets from the poles 
downwards and sideways towards the fliame. I 
do not mean that the air in every case travels 
along the surface of the poles or along the axial 
lines, or even from between the poles; for in 
the case of the glowing taper, held half an mch 
or so beneath the axial line, it is the cool air 
which is next nearest to the taper, and (geneiv 
ally) between the taper and the axial line, that 
falls with most force upon it. In fact the move- 
ments of the parts of the air and flame are due 
to a differential action. We shall see presently 
that the air is diamagnetic as well as flame or 
hot smoke; i.e. that both tend, according to 
the general law which I have expressed in ihe 
Experimental Researchee (2267, &c.), to move 
from stronger to weaker places of magnetic 
force, but that hot air and flame are more so 
than cold or cooler air: so, wb^ flame and air, 
or air at different temperatures, exist at the 
same time within a space under the influence 
of magnetic forces, differing in intensity x>fmf 
tion, the hotter particles will tend to pass irasA 
stronger to weaker places of action, to be re- 
placed by the colder particles ; former thm- 

bre will have the effect of being repeffed; and 
the currents that are set up are produced by 
this action, combined with the medmnical force 
or current possessed by the flame in its 
nary relation to the atmosphere. 

It will be evident to you that I have ooflnd- 
ered flame only as a paxticular ease of a genend 
law. It is a most important andbeaidlM ob% 
and itihas given us the diaeovery of cBanaag^ 
netism in gaaeous bodies: but it isa oompica^ 
ed one, as I sbaH now proceed ahot^ bjt aak* 
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dyriiig i$ome df iis auditions and s^arating 
tlidr effects. 

For the purpose of examining the effect of 
heat alone in conducing to the diamagnetic 
dbndition of flame, a sm^di helix of fine platinum 
wire was attached to two stronger wires of cop- 
per, BO that the helix could be placed in any 
^ven position as regarded the magnetic poles, 
and at the same time be ignited at pleasure by 
a voltaic battery. In this manner it was suly 
stituted for the burning taper, and gave a beau- 
tiful highly-heated current of air, unchanged 
in its chemical condition. When the helix was 
placed directly under the axial line, the hot air 
rose up between the poles freely, being ren- 
dered evident above by a thermometer, or by 
burning the finger, or even scorching paper; 
but as soon as the magnet was rendered active, 
•tiEie hot air divided into a double stream, and 
was found ascending on the two sides of the ax- 
ial line; but a desomding current was formed 
between the poles, flowing downwards towards 
lihe helix and the hot air, which rose and passed 
off sideways from it. 

It is therefore perfectly manifest that hot air 
is diamagnetic in relation to, or more diamag- 
netic than, cold air; and, from this fact I con- 
cluded, that, by cooling the air below the nat- 
ural temperature, I should cause it to approach 
the magnetic axis, or appear to be magnetic in 
relation to ordinary air. I had a little appara- 
tus made, in which a vertical tube delivering 
air was passed through a vessel containing a 
frig^rific mixture; the latter being so clothed 
with flannel that the external air should not be 
eooled, and so invade the whole of the magnet- 
ic fidd. The central current of cold air was di- 
rected downwards a little on one side of the ax- 
ial line, and falling into a tube containing a del- 
icate air-thermometer, there showed its effect. 
On rendering the magnet active, this ^eot 
however cea^, and the thermometer rose; 
but on brmging the latter under the axial line 
it again fdi, showing that the cold current of 
air had been drawn inwards or attracted 
wards the . axial line, i.e., had been r^dered 
magnetic in rdation to air at common temper- 
atures, or less diamagnetie than it. Bie lower 
tempemtiire wsaO^ F. Tim d!ect was but smaU 
still it was distisHSt 

Tim effect of heat upon in so gmtty in- 

crauting its diamagnetic condition, is very re- 
msalmble. It is not; 1 tiunk, at all prdbable 
merc ^^bf ekpaiuting the air & the 
theeliang^ in its con^hm, beeaime 
bMifWoldteM 


of expanded air would be less sCntible in its 
diam^etic effects than an equal bulk of dens- 
er air; just as one would anticipate that a vao^ 
uum Would present no magnetic or diamagnet- 
ic effects whatever, but be at the zero point be- 
tween the two classes of bodies {ExperimenUd 
Researches, 2423, 2424). It is certainly true, 
that if the air were a body belonging to the 
magnetic class, then its expansion, being equiv- 
alent to dilution, would make it seem diamag- 
netic in relation to ordinary air {Experimental 
Researches, 2367, 2438} ; but that, I think, is 
not likely to be the case, as will be seen by the 
results described further on in reference to oxy- 
gen and nitiogen. I 

If the power conferred by heat isl a direct 
consequence of, and proportionate to the tem- 
perature, then it gives a very remarkable char- 
acter to gases and vapours, which, as we shall 
see hereafter, possess it in common. In my for- 
mer experiments {Experimental Res^ches, 
2359, 2397), I heated various diamagnetic bod- 
ies, but could not perceive that their degree of 
magnetic force was at all increased or affected 
by the temperature given to them. I have again 
submitted small cylinders of copper and silver 
to the action of a single pole, at common tem- 
peratures and at a red heat, with the same re- 
sult. If there was any effect of increased tem- 
perature, it was that of a very slight increase 
in the ditiUnagnetic force, but I am not sure of 
the result. At present, therefore, the gaseous 
and vaporous bodies seem to be strikingly dis- 
tinguished by the powerful effect whidi heat 
has in increasing their diamagnetic condition. 

As all the experiments, whether on flame, 
smoke, or air, seemed to show that air had a 
distinct magnetic relation, which, though high- 
ly affected by temperature, still belonged to it 
at all temperatures; so it was a probable con- 
elusion that other gaseous or vaporous bodies 
would be diamagnetic or magnetic, and that 
they would differ from each other even at cSdm- 
mon or equal temperatures. I proceeded there- 
fore to examine them, delivering streams of 
each into the air, in the first instance, by fit ap- 
paratus and arrangements, and exanuning the 
eouiee taken by these streams in passing aciroias 
the magnetic field, the xhagnetic force b^oig 
either induced or not at the tune. 

In ddivering the various streams, I soihe^ 
times Mlroduc^ tine gases into a globe with 
mouth and alsoatubularspout^ and tbenpoured 
the: gas out of the spout, upwards or dowtH 
wards, aecordiiigasit liras lighterorheavte*ihfm 
air. At other times, as with muriatic add 
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ami&oDiay I delivBred th6 streams {kou the 
mouth of the retort. But as it is very important 
not to dduge the magnetic field with a quan- 
tity of invisible gas, 1 devised the following ar- 
rangement, which answered well for all the 
gases not soluble in water. A Woulf s bottle 
was chosen haying three apertures at the top, 
a, and c; a wide tube was fixed into aperture 
a, descending within the bottle to the bottom, 
and being open above and below; by this any 
water could be poured into the bottle and em- 
plo 3 ^ to displace the gas previously within it. 
Aperture b was closed by a stopper. Aperture c 
had an external tube, with a stop-cock fixed in 
it to conduct the gas to any place desired. To 
expel the gas and send it forward, a cistern of 
water was placed above the bottle, and its cock 
so plugged by a splinter of wood that when full 
open it delivered only twelve cubic inches of 
fluid in a minute. This stream of water being 
directed into aperture a, and the cock of tube c 
open, twelve cubic inches of any gas within the 
Woulf s bottle was delivered in a minute of 
time; and this I found an excellent proportion 
for our magnet and apparatus. 

With respect to the delivery of this gas at 
the magnetic poles, a piece of glass tube bent in- 
to this shape H was held by a clamp on the 

stage of the ma^et, so that it could easily be 
slipped backward and forward, or to one side, 
and its vertical part be placed an 3 rwhere be- 
low the axial line. The aperture at this end was 
about the one-eighth of an inch internal diam- 
eter. In the horizontal part near the angle was 
placed a piece of bibulous paper, moistened with 
strong solution of muriatic acid (when necessa- 
ry) • The horizontal part of the tube was connec- 
ted and disconnected in a moment, when neces- 
sary, with the tube c of the gas-bottle, by a short 
piece of vulcanized rubber tube. If the gas to be 
employed as a stream were heavier than the sur- 
rounding medium, then the glass tube, instead 
of having the form delineated above, was so 
bent as to deliver its stream downwards and 
over the axial line. In this manner currents of 
diSment gases could be delivered, perfectly 
fi^teady and under perfect command. 

The next point was to detect and trace the 
course of these streams. A little ammonia va- 
pour, delivered near the magnetic field, did 
thi s in some degree, but was not satisfactory; 
for, in the first place, the little cloud of muriate 
of ammonia partides formed is itself diamag- 
netic; and further, the tranquil condition of 
th e air in the magnetic field was th^ too much 
distiuhed.Catch-tubes were th^oieiar^^ 


eonsisfing of tubes of thin glass about ihe 
size and length of a finger, opaa at both ends, 
and fixed upon little stands so that they could 
be adjusted either over or under the magnetic 
poles at pleasure. When they were over the 
poles, I generally bad three at once; one over 
the axial line and one at each side. "V^en they 
were under the poles, the lower end was turned 
up a little for purpose of facilitating obserr 
vation there. 

The gas delivered at the poles, as already de- 
scribed, contained a little muriatic acid (ob- 
tained from the solution in the paper), but not 
miough to render it visible. To make it inani^ 
fest up which catch-tube it passed, a little piece 
of bibulous paper, folded and bound round and 
suspended by a copper wire, was dipped in the 
solution of ammonia and hung in each of the 
tubes. It was then evident at once, by the vis^ 
ible fume formed at the top of one of the tubes, 
whether the gas delivered below passed up the 
one or the other tube, and which: and yet the 
gas was perfectly clear and transparent as it 
passed by the place of magnetic action. 

In addition to these arrangments, I built up 
a sheltering chamber about the magnetic poles 
and field, to preserve the air undisturbed. This 
was about six inches long by four inches in 
width and height, and was ea^y made of thin 
plates of mica, which were put together or tak- 
en down in a moment. The chamber was 
quently left more or less open at the top or bot? 
tom for the escape of gases, or the place of the 
catch-tubes. Its advantages were very great; 

Air. In the first place air was sent in under 
these arrangements, the stream being direct 
by the axial line. It made itself visible in the 
catch-tube above by the smoke produced; but 
whether the magnet was active or not, 4t6 
course was the same; showing that, so far, the 
apparatus worked well, and did not of iteelt 
cause any erroneous indications. 

Nitrogen. This gas was sent from below nwr 
wards, and passed directly by the axial line in- 
to the catch-tube above; but when the magz^ 
was made active, the stream was affected, and 
though not stopped in the middle icatcb 7 tufae, 
part appeared in the side tubes. The wa^ 
then arranged a little on one side of the axlfd 
line, so that, without the magnetic H 

still ascended and went up the middle cat^ 
tube; then, when the magnetic aetionf yiM 
brcmght on, it was clearly affected, mui a great 
portion of it was s^t to the side eatch4ub^ 
The nitrogen was, in fact, mauffe8tly;diuu?^ 
netic in r^^n to eonunon mr, when kiethai^ 
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at the same temperature; but as lour*fifths of 
the atmosphere consists of nitros^n, it seemed 
very evident, from the result, that nitrogen and 
oxygen must be very different from each other 
in their magnetic relations. 

Oxygen, A stream of oxygen was sent down 
through air between the poles. When there was 
no magnetic action it descended vertically, and 
when the magnetic action was on it appeared 
to do the same; at all events it did not pass off 
equatorially. But as there was reason, from the 
above experiments with nitrogen, to expect 
that oxygen would appear, not diamagnetic 
but magnetic in air; so the place of the stream 
was changed and made to be on one side of the 
axial line. In this case it fell perfectly well at 
first into a catch-tube placed beneath; but as 
soon as the magnet was rendered active, the 
stream was deflected, being drawn towards the 
axial line, and fell into another catch-tube 
placed there to receive it. So oxygen appears to 
be magnetic in common air. Whether it be 
really so, or only less diamagnetic than air (a 
mixture of oxygen and nitrogen), we shall be 
better able to consider hereafter. 

Hydrogen. This gas proved to be clearly and 
even strongly diamagnetic; for notwithstand- 
ing the powerful ascensi ve force which its stream 
has in the atmosphere, because of its small spe- 
cific gravity, still it was well deflected and sent 
equatorially. Considering the lightness of the 
gas, one might have expected that it would 
have been drawn towards the axial line, as a 
stream of rarefied air (if it could exist) would 
be. Its diamagnetic state, therefore, shows in a 
striking point of view l^at gases, like solids, 
have peculiar and distinctive degrees of dia- 
magnetic force. 

Carbonic acid. This gas made a beautiful ex- 
periment. The stream was delivered downwards 
a little on one side of the axial line; a catch- 
tube was placed a little farther out, so that the 
stream should fall clear of it as long as there 
was no activity in the magnet. But on render- 
ing the magnet efficient, the stream left its ver- 
tical direction, passed equatorially, and fell in- 
to the catch-tu^; and by looking horizontally, 
it could be seen flowing out at its lower extrem- 
ity Mke water, and falling away through the mr. 
Again, the magnet was thrown out of action, 
and a glass with lime-water placed beneath the 
lower end of the catch-tube; no carbonic acid 
appeared there, though the fluid in the glass 
was* continually stirred; but the instant the 
magnet was excited, the carbonic acid appeared 
k theoalch^ube, fell into the glass and made 


the lime-water turbid. This gas therefore is di- 
amagnetic in air. 

Carbonic oxide. This gas was carefully freed 
from carbonic acid before it was used. It was 
employed as a descending stream, and was ap- 
parently very diamagnetic: but it is to be re- 
marked, that a substance which is so nearly of 
the specific gravity of atmospheric air is easily 
dispersed right and left in it, and therefore that 
the facility of dispersion is not a correct indi- 
cation of the diamagnetic force. By introducing 
a little ammonia into the mica chamber, it was, 
however, easily seen that carbonic oxide was 
driven away equatorially with considerable 
power; and"! judge from the appearance, that 
it is more diamagnetic than carbonic acid. 

Nitrous oxide. This gas was moderately, but 
clearly, diamagnetic in air. Much interest be- 
longs to this and the other compounds of nitro- 
gen and oxygen, both because they conWn the 
same elements as air, and because of tl^e relar 
tions of nitrogen and oxygen separately. 

Nitric oxide. I tried this gas both as an up 
and down current, but could not determine its 
magnetic condition. What with the action of 
the oxygen of the air, the change of the nature 
of the substances, and the heat produced, there 
was so much incidental disturbance and so lit- 
tle effect due to magnetic influence, that I could 
not be sure of the result. On the whole it was 
very slightly diamagnetic ; but so little that the 
effect might be due to the smoke particles which 
served to render it visible. 

Nitrous add gas. Diflficult to observe, but I 
believe it is slightly magnetic in relation to air. 

OUfiani gas was diamagnetic, and well so. 
The Uttle difference in specific gravity of this 
gas and air even creates a difficulty in follow- 
ing the course of the olefiant gas, unless it be 
watched for on every side. 

Coal-yas. The coal-gas of London is lighter 
than air, being only about two-thirds in weight 
of the latter. It is very well diamagnetic, and 
gives exceedingly good and distinct results. 

Sulphurous add gas is diamagnetic in air. It 
was generated in a small tube containing liquid 
sulphurous acid; this being connected, in place 
of the gas bottle, with the delivery-tube and 
mouthpiece by the vulcanized rubber tube. The 
presence or absence of the gas in the catdi-tube 
was well shown by ammonia, and still better 
by litmus paper. 

Muriatic add. The retort in which it was 
generated was connected, as just described, 
with the delivery-tube. The gas was very de- 
(ddedly diamagnetse in air. 
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Hydriodic add was also diamagnotic in air. 
When there was an abundant stream of gaS| 
its entrance into and passage through the side 
catch-tube^ on rendering the magnet active, was 
striking. When there was less gas, the stream 
was dispersed equatorially in all dimctions, and 
less entered the tube. 

Fluo-dlicon* Diamagnetic in air. 

Arnrnonia. This gas was evolved from mate- 
rials in a retort, and tested in the catch-tube 
above by muriatic acid in the paper. It was 
well diamagnetic, corresponding in this respect 
with the character of its elements. It could also 
be very well indicated by reddened litmus pa- 
per held over the tubes. 

Chlorine was sent from the Woulf 's bottle ap- 
paratus, and proved to be decidedly diamag- 
netic in air. Either ammonia by its fumes, or 
litmus paper by its becoming bleached, served 
to indicate the entrance of the chlorine into 
the side catch-tube every time the magnet was 
rendered active. 

Iodine. A piece of glass tube was so shaped 
at its lower extremity as to form a chamber for 
the reception of iodine, which chamber had a 
prolonged mouth directed downwards so as to 
deliver the vapour formed within. On putting 
a little iodine into the chamber, then heating 
it, and especially the mouth part, by a spirit- 
lamp, and afterwards inclining the apparatus, 
abundance of the vapour of iodine was gener- 
ated as the substance flowed on to the hotter 
parts, and passed in a good stream from the 
mouth downwards. This purple stream was 
diamagnetic in air, and could be seen flowing 
right and left from the axial line, when not too 
dense. If very dense and heavy, its gravity was 
such as to make it break through the axial line, 
notwithstanding the action of the magnet; still 
it was manifest that iodine is diamagnetic to air. 

Bromine. A little bromine was put into the 
horizontal part of the delivery-tube, and then 
air passed over it by the apparatus already de- 
scribed. So much bromine rose into vapour as 
to make the air of a 37ellow colour, and caused 
it to fall well in a stream by the axial line. A 
little ammonia delivered near the magnetic 
fidd showed that this stream was diamagnetic, 
and hence it may fairly be presumed that the 
pure vapour of bromine would be diamagnetic 
also. 

Cymogen. Strongly diamagnetic in air. 

Taking air as the standard of comparison, it 
is v@ry striking to observe, that much as gases 
appear to differ one from another in the degree 
of thfiir diamagnetic condition, fhere are veiy 


few that are not more diamagnetic than it; 
when the investigation is carried forward Into 
the relation of the two chief constituents of mr^ 
oxygen and nitrogen, it is still more strikiiig to 
observe the very low condition of oxygen , which, 
in fact, is the cause of the comparatively low 
condition of air. Of all the vapours and gases 
yet tried, oxygen seems to be that which has 
the least diamagnetic force. It is as yet a ques- 
tion where it stands; for it may be as low as a 
vacuum, or may even pass to the magnetic side 
of it, and experiment does not as yet give an 
answer to the question. I believe it to be dia- 
magnetic; and this belief is strengthened by 
the action of heat upon it, to be described here- 
after; but it is exce^ingly low in the scale, and 
far below chlorine, iodine, and such like bodies. 

All the compounds of oxygen and nitrogen 
seem to show the influence of the presence of 
the oxygen. Nitrous acid seems to be less dia- 
magnetic than air. Nitric oxide mingled with 
nitrous acid and warm, is about as air. Nitrous 
oxide is clearly diamagnetic in air, though it 
contains more oxygen : but it also contains more 
nitrogen than air, and is also denser than it, so 
that there is more matter present; still I think 
the results are in favour of the idea that oxy^ 
gen is diamagnetic. By referring to the relation 
of carbonic oxide to carbonic acid, described 
further on, it will be seen that the addition of 
oxygen seems to make a body less diama^et- 
ic. But the truth may be, not that oxygen is 
really magnetic, but that a compound body 
possesses a speciflc diamagnetic force, whidi is 
not the sum of the forces of its particles. ^ 

It is very difficult to form more than a mere 
guess at the relative degree of diamagnetic 
force possessed by different gaseous bocMes wbon 
they are examined only in air, because of the 
many circumstances which tend to confuse the 
results. First, there is the invisibility of the gas 
which deprives us of the power of adjusting by 
sight so as to obtain the best effect ; then, there 
is the difference of gravity; for if a gas ascend 
or descend in a rapid stream, it may seem less 
deflected than another flowing more slowly, 
though it be more diamagnetic; and as to gtoes 
nearly of the speciflc gravity of air, whether 
more or less diamagnetic, they are almost enr 
tirely dispersed in different directions, so that 
little only ^ters the catch-tilbe. Anotl^r modr 
ifyii^ circumstance is the distance of the aper- 
ture delivering gas from the axial line, wh^, 
to obtain &e maximum ^ect, ought to tiary 
with the gravity of the gases arid thdbr diamat^ 
netie force. Agi^, it is important that the 
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iiefic field be not filled with the gae to be ex- 
ainined, and that generally speaking only a 
moderate stream be emploj^; which however 
must d^nd again upon the specific gravity. 

The only correct way therefore of comparing 
two gases together is to experiment with them 
one in the other. For the experiments made 
With gases, in gases or in air, are differential, 
and similar in their nature with those made on 
a former occasion with solutions (ExperirimUal 
Besearchest 2362, &c.); I therefore changed the 
surrounding meidium in a few experiments, 
substituting other gases for air; and first se- 
lected carbonic acid as a body easy to experi- 
ment with, and one that would, probably, be 
more powerfully than some other of the gases, 
diamagnetic (I speak as to the appearances or 
rdative results only) in air. 

I constructed a kind of tray or box, by fold- 
ing up a doubled sheet of waxed paper; thus 
m^ng a vessel 13 inches long, 5 inches wide, 
and 5 inches high. This was placed on the ends 
of the great magnet, and the terminal pieces of 
iron before described, placed in it. The box was 
covered over loosdy by plates of mica, and 
formed a long square chamber in which were 
contained the magnetic poles and field. Ail the 
former arrangements in respect of the magnet- 
ic fidd, the ddivery-tube, the catch-tubes, &c., 
Were then made; and lastly, the box was filled 
with carbonic acid by a tube, which entered it 
at one comer; and was, from time to time, sup- 
plied with a fresh porrion of gas, as the previ- 
ous contents became diluted with gases or air. 
Everything answered perfectly, and the fol- 
lowing results were easily obtmned. 

passed axially, being less diamagnetic 
timn carbonic acid gas. 

X>wygm passed to the magnetic axis, as was 
to be expected. 

Nitrogen went equatorially, being therefore 
diamagneric, even in carbonic acid. 

Hydrogen^ coat-gae, olefiant gae, mimatic acid 
and anrnoma passed equatorially in carbonic 
add, and were fairly diamagnetic in relation 
tbit. 

Carbonie oxide was very fairly diamagnetic 
in ‘Carbonic add gas. Sore the effect of oxygai 
seems to be very wdl illustrated. Equal vol- 
umes of carbonic oxide and carbonic add con- 
tain equal quantities of carbon; but the former 
contains only half as much oxygen as the lat- 
Yet it is more diamagnetic than the latter ; 
Ihbugh anadditimial volume and quan- 
<Kxygen, equal to^tfaat in the earbomc 
vMi^ isin^ie oaiboiilo add added and com- 


pressed into it, it does not add to, but aCtuaUy 
takes from, the diamagnetic force. ^ 

Nttroae oxide appears to be slightly diamag- 
netic in relation to carbonic acid; but nitric ox- 
ide gas was in the contrary relation and p^ed 
towards the axial line. 

Hence it seems that carbonic add, though 
more diamagnetic than air, is not far r^oved 
from it in that respect; and this position it 
probably holds because of the quantity of oxy- 
gen in it. The apparent place of nitrous oxide 
close to it appears, in a great measure, to de- 
pend on the same circumstance of oxygen en- 
tering largely into its composition. Still it is 
manifest'tkkt the action is not directly as the 
oxygen, for then common air would Ibe more 
diamagnetic than either of them. It seeiW rather 
that t]^ forces are modified, as in the mses al- 
so of iron and oxygen, and that each compound 
body has its peculiar but constant inteWty of 
action. \ 

In order to make similar experiments in light 
gases, the two terminal pieces of the magnet 
were raised, so that they might be covered by a 
French glass shade, which, with its stand, m^e 
a very good chamter about them. The pipe to 
supply and change the gaseous medium, and 
also that for bringing the gas under trial as a 
stream into the magnetic field, passed through 
holes made in the bottom of the stand. The dif- 
ferent gases to be compared with those em- 
ployed as media, were, except in the cases of 
ammonia and chlorine, mingled with a trace of 
muriatic acid, as before described. The gaseous 
media used were two, coal-gas and hydrogen. 
Whilst using coal-gas, I observed the direction 
of the currents of the other gases in it by bring- 
ing a little piece of paper, at the end of a wire 
and dipped in ammonia solution, near the 
stream. In the case of the hydrogen, I diffused 
a little ammonia through the whole of the gas 
in the first instance. 

Air passed towards the axial line in coal-gBS, 
but was not much affected. 

Oxygen had tile appearance of being strongly 
magnetic in coal-gas, passing with great im- 
petuosity to the magnetic axis, and dining 
about it; and if much muriate of ammonia 
fume wme purposdy formed at the time, it was 
carried by the oxyg^ to the magnetic ScM with 
such force as to hide the ^ds of the magnetic 
pdes. If then the magnetic action were cais- 
pemled for a momoat, tiiis doud descended by 
its gravity; but bdng quite bdow the poies, € 
tfaemagnetwereagain rendered active, the 
gm doud knmeiSatdy started up and tp^ 
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its fonner pl^. The attraction of iron 
to a ma^etic pole is not more striking than 
the appearance presented by the oxygen under 
these circiunstances. 

NiJttogen. Clearly diamagnetic in coal-gas. 

Olefiantf cuthonic ozide^ and carbonic add 
es were all slightly^ but more or less diamag* 
netio in the coal-gas. 

On substituting hydrogen as the surround- 
ing medium in place of coal-gas, more care was 
taken in the experiments. Each gas experiment- 
ed upon was tried in it twice at least; first in 
the hydrogen of a previous experiment, and 
then in a new atmosphere of hydrogen. 

Air. Air passes axially in hydrogen when 
there is very little smoke in it: when there is 
much smoke in the stream the latter is either in- 
different or tends to pass equatorially. I be- 
lieve that air and hydrogen cannot be far from 
each other. 

Nitrogen is strikingly diamagnetic in hydro- 
gen. 

Oxygen is as strikingly magnetic in relation 
to hydrogen. It presented the appearances al- 
ready described as occurring in coal-gas; but 
as the jet delivered the descending stream of 
oxygen a little on one side of the axial line, its 
centrifugal power, in relation to the axial line, 
was so balanced by the centripetal power pro- 
duced by the magnetic action that the stream 
at first revolved in a regular ring round the ax- 
ial line, and produced a cloud that continued 
to spin round it as long as the magnetic force 
was continued, but fell down to the bottom of 
the chamber when that force was removed. 

Nitrous oxide* This gas was clearly diamag- 
netic in the hydrogen, and gave rise to a very 
beautiful result in consequence of its following 
the oicygen; for at the beginning of the experi- 
ment, the little oxygen contained in the con- 
ducting tube passed axially; but the instant 
that was expelled, and the nitrous oxide issued 
forth, the stream changed its direction, imd 
passed off diamagnetically in the most stiiking 
manner. 

Nitric oxide. This gas passed anally in hy- 
drogen^ and therefore is magnetic in relation to 

Ammonia. Diamagnetic in hydrogen. 

€wd>onic oxide, carbonicadd, axidolefiairUgad^ 
as were diamagnetic in hydrogen; the last most 
sOi axid the carbonic acid apparently the least. 

ffhhrine was slightly disma^etic in hydro- 
gem It was clearly so; but the cloudy particles 
moi^t c<mduoe much to the small effect pro- 
duced 


Muriatic acid gae. I think it itas a litfle 
magnetic in the hydrogen. 

Not^thstanding theniany disturbingcauses 
which interfere withfirst and hasty experiments 
of this kind, and produce results which occas- 
ionally cross and cpntradiot each other, srill 
there are some very striking consideratums 
which arise in comparing the gases with each 
other at the same temperature. Foremost 
amongst these is the place of oxyg^; for of all 
the gaseous bodies yet tried it is the ieastdiar 
magnetic, and seems in this resp^t to stand 
far apart from the rest of them. The condition 
of nitrogen, as being highly diamagneric, is al- 
so important. The place of hydrogen, as b^g 
less diamagnetic than nitrogen, and of chlorine^ 
which, instead of approaching to oxygen, is 
above hydrogen, and also of iodine, which is 
probably far above chlorine, are marked cir^ 
cumstances. 

Air of course owes its place to the propoi^ 
tion and the individual diamagnetic character 
of the oxygen and nitrogen in it. The great dif- 
ference existing between these two bodies in re* 
i^ect of magnetic relation, and the striking ef- 
fect presented by oxygen in coal-gas and hy- 
drogen, bodies not far removed from nitrogen 
in diamagnetic force, made me think it might 
not be impossible to separate air into its two 
chief constituents by magnetic force alone. 1 
made an experiment for this purpose, but did 
not succeed; but I am not convinced that it 
cannot be done. For since we can actually dis- 
tinguish certain gases, and especially thei^ two 
by their magnetic properties, it does not seem 
impossible that suffici^ power might cause 
thrir separation from a state of mixture. 

In the course of these experiments I sub^ 
jected several of the gases to heat, to asc^etain 
whether they generally underwent the same ex* 
altation of their diamagnetic power which oc- 
curred with common air (2854). For thls puiv* 
pose a helix of platinum wire was placed in the 
mouth of the deliverii^ tube, whix^ itsdif was 
placed below the magnetic axis between 4be 
poles. The helix could be raised to any tempeiM 
ature by a little voltaic battery^ and any gas 
could be sent through it and upwards a^oss 
the magnetic fidd means of the Wodfa bet- 

tie apparatus already described. Itwas eagy to 
ascertain whether the gas Went i&eet^ ^ bsN 
tween the poles, or, when ihe magnet wvkb 
tive, left t^t direction and form^ two 
tbiiai side-stmams, diher by the wernddiod^im 
the finger^ or by a tharnmseope f oiined S 

spiral ocm^mid lamiimof 
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traced in a tube above. In every case the hot 
gas was diamagnetic in the air, and I think far 
more so than if the gas had l^n at common 
temperatures. The gases tried were as follows: 
oxygen, nitrogen, hydrogen, nitrous oxide, car- 
bc^c acid, muriatic add, ammonia, coal-^, 
olefiant gas. 

But as in these experiments the surrounding 
air would, of necessity, mingle with the gas first 
heated, and so form, in fact, a part of the heat- 
ed stream, I arranged the platinum helix so 
that I could heat it in a given gas, and thus 
compare the same gas at different tempera- 
tures with itself. 

A stream of hot oxygen in cold oxygen was 
powerfully diamagnetic. The effect and its de- 
gree may be judged of by the following circum- 
stances. When the platinum helix below the 
axial line was ignited, the effect of heat on the 
indicating compound spiral, placed in a tube 
over the axial line, was such as to cause its 
lower extremity to pass through one and a half 
revolutions, or 540"^: when the magnetic force 
was rendered active, the spiral returned through 
all these degrees to its l^st position, as if the 
ignited helix below had been lowered to the 
common temperature or taken away; and yet 
in respect to it, nothing had been changed. On 
rendering the magnet inactive, the current of 
hot oxygen instantly resumed its perpendicu- 
lar course and affected the thermoscope as be- 
fore. 

On experimenting with carbonic acid, it was 
found that hot carbonic acid was diamagnetic 
to Qold carbonic acid; and the effects were ap- 
parently as great in amount as in oxygen. 

On making the same arrangement in hydro- 
gen, I failed to obtain any result regarding the 
relaticui of the hot and cold gas, for this reason : 
that I could not, in any case, either with or 
without the magnetic action, ^tain any signs 
of heat on the thermoscopic spiral above, even 
when the platinum helix, not more than an 
mch bdow it, was nearly white hot. This effect 
is, I think, greatly dependent upon the rapid- 
ity with which hydrogen is heated and cooled 
in comparison with other gases, and also upon 
the vicinity of the cold masses of iron forming 
the magnetic poles, between which the hot gas 
has, to pass in its way upwards: and it is most 
probably connected with the fact observed by 
Mr. Grove of the difficulty of igniting a plat- 
inum wire in hydrogen. 

^When the i^ting helix was placed in coal- 
gak» it was foi^ that the hot gas was diamag- 
to that which was 4mld; as in aU t^ 


cases. Here, again, an effect like that which 
was observ^ in hydrogen occurred; for when 
there was no magnetic action, the ascending 
stream of hot coal-gas could cause the thermo- 
Bcopic spiral to revolve through only 280® or 
300®, in place of above 540®; through which it 
could pass when the surrounding gas was oxy- 
gen, air, or carbonic acid; and that even when 
the helix was at a higher temperature in the 
coal-gas than in any of these gases. 

The proof is clear then that oxygen, carbon- 
ic acid, and coal-gas, are more diamagnetic hot 
than cold. The same is the case with air; and as 
air consists of four-fifths nitrogen and only one- 
fifth oxygen, and yet shows an effect of this 
kind as strongly as oxygen, it is manijfest that 
nitrogen also has the same relation When hot 
and cold. \ 

Of the other gases also I have no\ doubt; 
though to be quite certain, they ough^ to be 
tried in atmospheres of their own sul^tance 
(2854), or else in gases more diamagnetic at 
common temperatures than they. The olefiant 
and coal-gases in air easily bore the elevation 
of the helix to a full red heat, without inflam- 
ing when out of the exit-tube: the hydrogen 
required that the helix should be at a lower tem- 
perature. Muriatic acid and ammonia showed 
the division of the one stream into twoi, very 
beautifully, on holding blue and red litmus pa- 
per above. 

There is another mode of observing the dia- 
magnetic condition of flame, and experiment- 
ing with the various gases, which is sometimes 
useful, and should always be understood, lest 
it inadvertently might lead to confusion. I have 
a pair of terminal magnetic poles which are 
pierced in a horizontal direction, that a ray of 
light may pass through them. The opposed faces 
of these vertical poles are not, as in the former 
case, the rounded ends of cones; but, though 
rounded at the edges, may be considered as 
flat over an extent of surface an inch in diam- 
eter. The pierced passages are in the form of 
cones, the truncation of which in this flat sur- 
face is rather more than half an inch in diam- 
eter. When these poles were in their place, and 
from 0.3 to 0.4 of an inch apart, a taper flame, 
burning freely between them, was for a few 
moments unseated by throwing the magnet 
into action; but then it suddenly changed its 
form, and extending itself axially, threw off 
two horizontal tongues, which entered the pas- 
sages in the poles; and thus it continued ais long 
as the magnetism continued, and no part ei it 
passed equatorially. 
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On using a large flame made with the cotton 
ball and ether, two arms could be thrown off 
from the flame by the force of the magnetism, 
which passed in an equatorial direction, as be- 
fore; and other two parts entered the passages 
in the magnetic poles, and actually issued out 
occasionally at their farther extremities. 

When the poles were about 0.25 of an inch 
apart, and the smoking taper was placed in the 
middle between them level with the centres of 
the passages, the effect was very good; for the 
smoke passed axially and issued out at the far- 
ther ends of the pole passages. 

Coal-gas delivered in the same place also 
passed axially, i.e., into the pole passages and 
parallel to the line joining them. 

A little consideration easily leads to the true 
cause of these effects, and shows that they are 
not inconsistent with the former results. The 
law of all these actions is that if a particle, 
placed amongst other particles be more dia- 
magnetic (or less magnetic) than they, and 
free to move, it will go from strong to weaker 
places of magnetic action; also, that particles 
less diamagnetic will go from weaker to strong- 
er places of action. Now with the poles just de- 
scribed, the line or lines of maximum force are 
not coincident with the axis of the holes pierced 
in the poles, but lie in a circle having a diam- 
eter, probably, a little larger than the diameter 
of the holes; and the lines within that circle 
will be of lesser power, diminishing in force 
towards the centre. A hot particle therefore 
within that circle will be driven inwards, and 
being urged by successive portions of matter 
driven also inwards, will find its way out at the 
other ends of the passages, and therefore seem 
to go in an axial direction; whilst a hot particle 
outside of that circle of lines of maximum force 
will be driven outwards, and so, with others, 
will form the two tongues of flame which pass 
off in the equatorial direction. By bringing the 
glowing taper to different parts, the circle of 
lines of maximum magnetic intensity can be 
very beautifully traced; and by placing the ta- 
per inside or outside of that circle, the smoke 
could be made to pass axially or equatorially at 
pleasure. 

I arranged an apparatus on this principle for 
trying the gases, but did not find it better than, 
or so good as, the one I have described. 

Such are the results I have obtained in veri- 
fying and extending the discovery made by P. 
Bancalari. I would have pursued them much 
further, but my present state of health will not 
permit it: I therefore send them to you with, 


probably, many imperfections. It ts now ahnoet 
proved that many gaseous bodies ate diamag- 
netic in their relations, and probably all wilt 1^ 
found to be so. I say almost proved; for it it 
not, as yet, proved in fact. That many, and 
most, gaseous bodies are subject to magnetic 
force is proved; but the aero is not yet ^tin- 
guished. Now, until it is distinguished, we can- 
not tell which gaseous bodies will rank as dia- 
magnetic and which as magnetic; and also, 
whether there may not be some standing at 
zero. There is evidently no natural impossibil- 
ity to some gases or vapours being magnetic, 
or that some should be neither magnetic nor 
diamagnetic. It is the province of experiment 
to decide such points; and the affirmative or 
negative may not be asserted before such proof 
is given, though it may, very philosophically, 
be believed. 

For myself I have always believed that the 
zero was represented by a vacuum, and that 
no body really stood with it. But though I have 
only guarded myself from asserting more than 
I knew, Zantedeschi (and I think also De la 
Rive), with some others, seem to think that I 
have asserted the gases are not subject to mag- 
netic action ; whereas I only wished to say that 
I could not find that they were, and perhaps 
were not: I will therefore quote a few of my 
words from the Experimental Researches, Speak- 
ing of the preparation of a liquid medium at 
zero, I say, ‘Thus sl fluid medium was obtain- 
ed, which practically, as far as I could perceive, 
had every magnetic character and effect of a 
gas, and even of a vacuum^ &c.” Experimental 
Researches, 2423. Again, at 2433 I say, “At 
one time I looked to air and gases as the bodies 
which, allowing attenuation of their substance 
without addition, would permit of the obser- 
vation of corresponding variations in their mag- 
netic properties, but now all such power by 
rarefaction appears to be taken away.’’ And 
further down at (2435), “Whether the nega- 
tive results obtained by the use of gases and 
vapours depend upon the smaller quantiiy of 
matter in a given volume, or whether they are 
the direct consequences of the altered physical 
condition of the substance, is a point of very 
great importance to the theory of magnetism. 
I have imagined in elucidation of the subject an 
experiment, &c., but expect to find great diffi- 
culty in carrying it into execution, &c.“ Hap- 
pily P. Bancalari’s discovery has now settled 
this matter for us in a most satisfactory man- 
ner. But where thb true zero is, or that every 
body is more or less removed from it on one 
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side or the other, is not, as yet, expeiimentaliy 
shown or proved. 

1 eannot conclude this letter without expressi^ 
ing a hope that since gases are shown to be 
magnetically affected, they will also shortly be 
fouj^, when under magnetic influence, to have 
the power of affecting light {ExperimerUd 
BeardieSf 2186, 2212) . Neither can I refrain from 
signalizing the very remarkable and direct re- 
lation between the forces of heat and magnet- 
iam which is presented in the experiments on 
flame, and heated air and gases. I did not find 
on a former occasion (Experimental ReaearcheSf 
2897) that solid diamagnetic bodies were sen- 
sibly affected by heat, but shall repeat the ex- 
periments and make more extensive ones, if 
the Italian philosophers have not already done 
so. In reference to the effect upon the diamag- 
Huetic gases, it may be observed, that, speaking 
generally, it is in the same direction as that of 
heat upon iron, nickel and cobalt; i.e., heat 
tends in the two sets of cases, either to tixe di- 
minution of magnetic force, or the increase of 


diamagnetic force; but the results are too €ew 
to allow of any general oondusion as yet. 

As air at different temperatures has different 
diamagnetic relations, and as the atmosphere 
is at different temperatures in the upper and 
lower strata, such conditions may have some 
general influence and effect upon its finid mo^ 
tion and action, subject as it is continually to 
the magnetic influence of the earth. 

I have for the sake of brevity frequently 
spoken in this letter of bodies as being magnet- 
ic or diamagnetic in relation one to another, 
but I trust that in all the cases no mistake of 
my meaning could arise from such use of the 
terms, of eddy vague notion arise respiting the 
clear distinction between the two clas^, espe- 
cially as my view of the true zero has l^n giv- 
en only a page or two back. \ 

I am, my dear Sim 
Yours, m,, 

M. FabAday 

Richard Taylor ^ Esq., 

Ed. Phil. Mag., dc., iStc. 
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cai^nic add gas facilitates formation of spark, 
1463 

carbonic add gas, brush in, 1461, 1476 
carbonic acid gas, glow in, 1534 
carbonie add gas, its magnetic characters, 2857 
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963 

cations, direction of thdr transfer, 962 
cations, or cathions, described, 665, 824 
cations, table of, 847 
centres of force, p. 853 
chamber of no magnetic action, 3341 
chamber of feeble magnetic action, 3344, 3347, 
3350 

characters of electricity, table of, 360 
characters of the electric current, constant, 1618, 
1627 

characters of voltaic electricity, 268 
characters of ordinary electricity, 284 
character^ magneto-electridty , 343 , 

characters of thermo-electricity, ^9 j 

characters of animal electricity, 851 1 

charge, free, 1684 \ 

charge is always induction, 1171, 1177, 1^, 1682 
charge on surface of conductors, why, 130a 
charge, influence of distance on, 1303 \ 

charge, influence of form on, 1302 \ 

charge, loss of, by convection, 1569 
charge, removed from good insulators, 1203 
charge of matter, absolute, 1169 
charge of air, 1173 
charge of air by brush, 1434, 1441 
charge of air by glow, 1526, 1587, 1543 
charge of inductive apparatus divided, 1208 
charge of oil of turpentine, 1 172 
charge of particles in air, 1564 
charge, residual, of a Leyden jar, 1249 
charge, chemical, for battery, good, 1137 
charge, chemical, for battery, weak and exhausted 
1042, 1143 

chemical action evolves electricity, 2030, 2039 
chemical action being changed, electricity changes 
with it, 2031, 2036, 2040 

chemical action, the, exciting the pile is oxidation, 
921 

chemical action the source of voltaic power, 1796, 
1884, 1875, 1956, 1982, 2029, 2053 
chemical action. See 'Voltaic pile, source of its 
power” 

chemical action superinduced by metals, 564 
chemical action superinduced by platina, 564, 
617,630 

chemical action tested by iodide of potassium, 
815 

chemical actions, distant, opposed to each other, 
891,910,1007 

chemical affinity influenced by mechanical forces, 
656 

chemical afi^iy transferable through metals, 91S 
chemical affinity statical or local, 852, 921, 947, 
959 

chemical aflinity carrent, 852, 918, 947, 996 
chemical and contact excitem^t compared, 1831, 
1836, 1844 

chemical theory of the voltaic pile, 1801, 1803^ 
2017,2029 
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^«*(wnical decompowtion by voltaic electridty, 
278,460,861 

t^mical dce(»npo6ition by common electricity, 
309,453 

chemical decomposition by the gymnotus current, 
1763 

chemical decomposition by magneto-electricity, 
346 

chemical decomposition by thermo-electricity, 
349 

chemical decomposition by animalelectricity, 355 

chemical decomposition. See ^'decomposition 
electro-chemical'' 

chemical and electrical forces identical, 877, 918, 
947,960,966, 1031 

chemical excitement, sufficiency of, 1845, 1863, 
1875, 1884, 1957, 1983, 2015, 2029, 2053 

chemical excitement affected by temperature, 
1913 


chloride of antimony not an electrolyte, 690 
chloride of lead, its electrolysis, 794, 815 
chloride of lead, electrolytic intensity for, 978 
chloride of silver, its electrolysis, 541, 813, 902 
chloride of silver, electrolytic intensity for, 979 
chloride of tin, its electrolysis, 789, 819 
chlorides in solution, their electrolysis, 766 
chlorides in fusion, their electrolysis, 789, 813 
circle of anions and cathions, 963 
circles, simple voltaic, 875 
circles, associated voltaic, 989 
circles voltaic without metallic contact, 2017 
circles voltaic with sulphuret of potassium, 1877, 
1881, 1907 

circuit, voltaic, relation of bodies in, 962 
circular polarization, magnetic, 2230 
circular polarization, magnetic, essentially dif- 
ferent to the natural, 2231 
classification of bodies in relation to magnetism, 
255 


classification of bodies in relation to the electric 
current, 823, 847 

cleanliness of metals and other solids, 633 
cleanliness of metal terminations, 1929 
clean platina, its characters, 633, 717 
clean platina, its power of effecting combination, 
690,605,617,632 

clean platina, its power of effecting combination. 

See "plates of platina" 
coal gas, brush in, 1460 
coal gas, dark discharge in, 1 556 
coal gas, positive and negative brush in, 1476 
coal gas, powtive and negative discharge in, 1515 
coal gas, spark in, 1422 
cobalt not magnetic, pp. 813, 816 
cohesion of mercury affected by the electric cur- 


rent, p. 811 

c efl id, its influence on magnerism of metal, pp. 813, 
816 

cold, its Bon^ffect on magnetic xieedles, p. 812 

on magnetic force of common electric- 


ii^,m . . 

ecdtoc^rs of gymnotns electricity, 1767 


collectors, magneto-electiio, 86 
combination effected by metals, 664, 608 
combination effected by solids, .564, 618 
combination effected by polep of platina, 666 
combination effected by platina, 564, 568y 671, 
590, 630 

combination effected by platina, as plates, 669 
combination effected by platina, as sponge, 609, 
636 

combination effected by platina, cause of, 590, 
616,626,656 

combination effected by platina, how, 630 
combination effected by platina, interferences 
with, 638, 652, 655 

combination effected by platina retarded by ole- 
fiant gas, 640 

combination effected by platina retarded by car- 
bonic oxide, 645, 652 

combination effected by platina retarded by sul- 
phuret of carbon, 650 

combination effected by platina retarded by ether, 
651 

combination effected by platina retarded by other 
substances, 649, 653, 654 
comparison of voltaic batteries, 1126, 1146 
condensation of steam does not produce electric- 
ity, 2083 

conditions, general, of voltaic decomposition, 669 
conditions, new, of electro-chemical decomposi- 
tion, 453 

conducting power measured by a magnet, 216 
conducting power of solid electrolytes, 419 
conducting power of water, constant, 984 
conduction, 418, 1320 
conduction, its nature, 1320, 1326, 1611 
conduction, of two kinds, 987 
conduction, preceded by induction, 1329, 1332, 
1338 

conduction and induction, connected, p. 827 > 

conduction and insulation, cases of the same kind, 
1320, 1326, 1336, 1338, 1661 
conduction, its relation to the intensity of the cur- 
rent conducted, 419 

conduction common to all bodies, 444, 449 
conduction by a vacuum, 1613 
conduction by lac, 1234, 1324 
conduction by sulphur, 1241, 1328 
conduction by gla^, 1239, 1324 
conduction by spermaceti, 1240, 1323 
conduction by gases, 1336 
conduction, magnetic, 2797, 2843 
conduction, magnecrystallic, 2836 
conduction, slow, 1233, 1245, 1328 
conduction affected by temperature, 445, 13^ > 
conduction by metals diminished by heat, 432,445 
conduction increased by heat, 432, 441, 445 
conduction of electricity and heat, relaftiim loj, 
416 

conduction, simple, can occur in electrolytes, 967, 
983 

conduction, simple, can occur in dectrdlytBSwi^ 
very feeble currents^ 970 ^ 


i 
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conduction by electrolytes without decomposition 
968, 1017, 1682 

conduction and decomposition associated in elec- 
trolytes, 413, 676, 854 
conduction facilitated in electrolytes, 1355 
conduction by w’atcr bad, 1159 
conduction by water improved by dissolved 
bodies, 984, 1355 

conduction, electrolytic, stopped, 380, 1358, 1705 
conduction of currents stopped by ice, 381 
conduction conferred by liquefaction, 394, 410 
conduction taken away by solidification, 394, 
1705 

conduction taken away by solidification, why, 910 
1705 

conduction, new law of, 380, 394, 410 
conduction, new law of, supposed exception to, 
691, 1340 

conduction, general results as to, 443 
conduction, speculation on, p. 850 
conducting pow'er of metals, p. 852 
conducting circles of solid conductors, 1867 
conducting circles, effect of heat on, 1942, 1956, 
1960 

conducting circles, active, containing sulphuret 
of potassium, 1877, 1907, 1881 
conducting circles, inactive, containing a fluid, 
1823 

conducting circles, inactive, containing sulphuret 
of potassium, 1824, 1838, 1839, 1862, 1864 
conducting circles, inactive, containing hydrated 
nitrous acid, 1843, 1848, 1862 
conducting circles, inactive, containing nitric acid, 
1849, 1862 

conducting circles, inactive, containing potassa, 
1853 

conductive discharge, 1320 
conductor, moving, 3351, 3360 
conductors, electrolytic, 474 
conductors, good, solid, 1820, 1822 
conductors, good, fluid, 1812, 1822 
conductors, good, sulphuret of potassium, 1812, 
1880 

conductors, good, nitrous acid and water, 1816 
conductors, good, nitric acid, 1817 
conductors, good, sulphuric acid, 1819 
conductors, magneto-electric, 86 
conductors, their nature does not affect the elec- 
tric brush, 1454 

conductors, size of, affects discharge, 1372 
conductors, form of, affects discharge, 1374, 
1425 

conductors, distribution of electricity on, 1368 
conductors, distribution of electricity on, affected 
by form, 1374 

conductors, distribution of electricity on, affected 
by distance, 1364, 1371 

conductors, distribution of electricity on, af- 
fected by air pressure, 1375 
conductors, distribution of electricity on, ir- 
regular with equal pressure, 1378 
conductors of magnetism, thrir effect, 2806, 2828 


conductors of magnetism, paramagnetic, 2807^ 

2814.2828 

conductors of magnetism, diamagnetic, 2807, 

2815. 2829 

cones, various, rubbed by water and steam, 2097 
conservation of force, 3325 
constancy of electric current, 1618 
constitution of electrolytes as to proportions, 679, 
697, 830, 1708 

constitution of electrolytes as to liquidity, 394, 
823 

constitution of matter, p. 851 

contact of metals, 1809, 1864, 1891, 2065 

contact of metals, inactive in the pile, 1829, 1833, 

1836. 1843. 1846. 1854. 1858 

contact of metals, active circles without, 2017 
contact of metals not necessary for electrolyzation, 
879 I 

contact of metals, its use in the voltaic battery, 
893 \ 

contact of metals not. necessary for spark^lS, 966 
contact theory of the voltaic pile, 1797, ISpO, 1802, 

1 829. 1833. 1859. 1870. 1889. 2065 \ 
contact theory of the voltaic pile, its assumptions, 

1809, 1835, 1844, 1860, 1870, 1888, 1992, 2006, 
2014,2060, 2066 

contact theory of the voltaic pile, thermo-electric 
evidence against, 2054 

contact not the source of voltaic power, 1796, 
1829, 1836, 1844, 1858, 1883, 1891, 1956, 1969, 

1982.2053.2065 

contact not the source of voltaic power. “vol- 
taic pile, source of its power'^ 
contact force, its anomalous character, 1862, 1864, 
1871, 1889, 1989, 2056 

contact force, improbable nature, 2053, 2062, 
2065, 2069, 2071, 2073 

contact and thermo-contact compared, 1830, 
1836,1844, 2054 

contact and chemical action compared, 1831, 
1836, 1844 

contact of solid conductors, 1809, 1829, 1836, 

1841. 1858. 1867. 1888. 2065 

contact of fluid conductors, 1810, 1835, 1844, 
1860 

conta(;t of fluid conductors inactive in the pile, 

1825. 1829. 1835. 1844. 1858 

contact of fluid conductors, assumptions respect- 
ing it, 1810, 1835, 1844, 1860, 1865, 1870, 1888, 
1982, 1992, 2006, 2014, 2060 
contiguous particles, their relation to induction, 
1165, 1679 

contiguous particles active in electrolysis, 1349, 
1703 

continuity of matter, p. 864 
convection, 1562, 1642 

convection or convective discharge. See ^^dis- 
charge convective” 
copper, a magnetic medium, 3339 
copper acted on by magnets, 2309, 2323, 2411 
copper acted on by magnets, peculiar actions, 
2310,2317,2326,2383 
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oc^per acted on by magneta, mnilBion, 2315, 
2336,2411 

copper block attracted and repelled, 2338 

copper, iron, and sulphur circle, 943 

copper in dilute nitric acid, 1986 

copper in sulphuret of potassium, 1897, 1909, 

1911. 1944.2036 

copper in sulphuret of potassium, its variations, 

1911.2036 

copper in sulphuret of potassium shows excite- 
ment is not in contact, 1901, 1912 
coruscations of lightning, 1464 
Coulomb’s electrometer, 1180 
Coulomb’s electrometer, precautions in its use, 
1182, 1186, 1206 

crystalline polarity of bismuth, 2457 
crystalline polarity of antimony, 2508 
crystalline polarity of arsenic, 2532 
crystalline polarity of various bodies, 2535 
crystalline polarity of salts, 2547 
crystalline polarity of calcareous spar, 2594 
crystalline polarity of sulphate of iron, 2615, 
2546,2554 

crystalline polarity of red ferro-prussiate of po- 
tassa, 2560 

crystalline particles in solution, their mutual re- 
lation, 2578 

crystals, induction through, 1689 

crystals, magnetic rotation of light in, 2177 

cube, large, electrified, 1173 

cubes of crystals, induction through, 1692, 1695 

current, chemical affinity, 852, 918, 947, 996 

current, electric, 1617 

current, electric, none without chemical action, 
1867,2038 

current, direction given to it by the earth, pp. 
805, 809 

current, defined, 282, 511 
current, nature of, 511, 667, 1617, 1627 
current, variously produced, 1618 
current, produced by chemical action, 879, 916, 
1741 

current, produced by animals, 351 
current, prt)duced by friction, 301, 307, 311 
current, produced by heat, 349 
ciurent, produced by discharge of static elec- 
tricity, 296, 307, 363 

current, produced by induction by other currents, 
6, 1089 

current, produced by induction by magnets, 36, 
88,344 

current, evolved in the moving earth, 181 
current, in the earth, 187 
current, natural standard of direction, 663 
current, none of one electricity, 1627, 1632, 1635 
current, two forces everywhere in it, 1627, 1632, 
1635, 1642 

current, one, and indivisible, 1627 
cunieut, an axis of power, 517, 1642 
current, constant in its characters, 1618, 1627 
current, inexhaustibility of, 1631 
current, its velocity in conduction, 1648 


(nirrent, its velocity In eleetrolytation, 1651 
current, regulated by a fine wire, 853, note 
current, affected by heat, 1637 
current, stopped by solidification, 381 
current, its section, 498, 504, 1634 
current, its section presents a constant force, 1684 
current, produces chemical phenomena, 1621 
current, produces heat, 1625 
current, its heating power uniform, 1630 
current, produces magnetism, 1653 
current, Porrett’s effects produced by, 1646 
current, induction of, 1, 6, 232, 241, 1101, 1048 
current, induction of, on itself, 1048 
current, induction of. See *4nduction of electric 
current” 

current, its inductive force lateral, 1108 
current, induced in different metals, 193, 213, 
201,211 

current, its transverse effects, 1653 
current, its transverse effects constant, 1655 
current, its transverse forces, 1658 
current, its transverse forces are in relation to 
contiguous particles, 1664 
current, its transverse forces, their polarity of 
character, 1665 

current and magnet, their relation remembered, 
38, note 

current and static effects, associated, p. 824 
currents in air by convection, 1572, 1681 
currents in metals by convection, 1603 
currents in oil of turpentine by convection, 1596, 
1698 

curved lines, induction in, 1215 
curved lines of magnetic force, 3323, 3336 
curves, magnetic, their relation to dynamic in- 
duction, 217, 232 

Daniell on the size of the voltaic metals, 1525 
dark discharge, 1444, 1544 
dark discharge. See “discharge, dark” 
dates of some facts and publications, 139, note 
after 

Davy’s theory of electro-chemical decomposition, 
482,500 

Davy’s electro-chemical views, 965 
Davy’s mercurial cones, convective phenomena, 
1603 

decomposing force alike in every section of the 
current, 501, 506 

decomposing force, variation of, on each particle, 
503 

decomposition and conduction associated in deo- 
trolytes, 413, 854 

decomposition, primary and secondary results d, 
742, 777 

decomposition by common electricity, 309, 454 
decomposition by common electricity, {»ecau- 
tions, 322 

decomposition by the gymnotus current, 1763 
decomposition, electro-chemical, 450, 669 
decomposition, electro-chemical, nomenelatnni 
of, 661 
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decom{K>sitioii, ^eetio-ohemioal, new tenns re- 
lating to^ 662 

decomposition, eleotro-chemical, its distinguish- 
ing character, 309 

decomposition, electro-chemical, by common elec- 
tricity, 309, 454 

decomposition, electro-chemical, by a sin^e pair 
of plates, 862, 897, 904, 931 
decomposition, electro-chemical, by the electric 
current, 1621 

decomposition, electro-chemical, without metal- 
lic contact, 882 

decomposition, electro-chemical, its cause, 891, 
904,910 

decomposition, electro-chemical, not due to di- 
rect attraction or repulsion of poles, 493, 497, 
536,542.546 

decomposition, electro-chemical, dependent on 
previous induction, 1345 

decomposition, elcctro-chemical, dependent on 
the electric current, 493, 510, 524, 854 
"decomposition, electro-chemical, dependent on 
intensity of current, 905 

decomposition, electro-chemical, dependent on 
chemical affinity of particles, 519, 525, 549 
decomposition, electro-chemical, resistance to, 
891,910, 1007 

decomposition, electro-chemical, intensity requi- 
site for, 966, 1354 

decomposition, electro-chemical, stopped by so- 
lidification, 380, 1358, 1705 
decomposition, electro-chemical, retarded by in- 
terpositions, 1007 

decomposition, electro-chemical, assisted by dis- 
solved bodies, 1355 

decomposition, electro-chemical, division of the 
electrolyte, 1347, 1623, 1704 
decomposition, electro-chemical, transference, 
519, 525, 538, 550, 1347, 1706 
decomposition, electro-chemical, why elements 
appear at the poles, 535 ^ 
dec^position, electro-chemical, uncombined 
bodies do not travel, 544, 546 
decomposition, electro-chemical, circular series of 
effects, 562, 962 

decompomtaon, eleotro^shemical, simultaneous, 
1156 

deoomporition, electro-chemical, definite, 329, 
372, 377, 504, 704, 722, 726, 732, 764, 783, 807, 
821,960 

decomposition, electro-chemical, definite, inde- 
pendent ^ variations of electrodes, 714, 722, 
807,832 

decon[q)odtion, eleetro^-ch^cal, necessary in- 
tensity of current, 911, 966, 13^, 1354 
decomporition, electro-dieimcal, influence of wa- 
ter in, 472 

deoomposition,electro-chemieal,inair,454,461 ,469 
decompositton, eleciaxMdiemi<^, some general 
conditions of, 669 

deeoiDiposition, etectro-chemicaly new conditions 
of. 458 


decomposition, electro-chemical, piimaay resultsi 
742 

decomposition, electro-chemical, secondary re- 
sults, 702, 742, 748, 777 

decomposition, electro-chemical, of acetates, 774 
decomposition, electro-chemical, acetic acid, 773 
decomposition, electro-chemical, ammonia, 748 
decomposition, electro-chemical, chloride of anti- 
mony, 690, 796 

decomposition, electro-chemical, chloride of lead, 
794,815 

decomposition, electro-chemical, chtoride of sil- 
ver, 541, 813, 979 

decomposition, electro-chemical, chlorides in so- 
lution, 766 

decomposition, electro-chemical, chlorides in fu- 
sion, 789,813 / 

decomposition, electro-chemical, fused! electro- 
lytes, 789 \ 

decomposition, electro-chemical, hydrio^c acid 
and iodides, 767, 787 \ 

decomposition, electro-chemical, hydrocyai^icacid 
and cyanides, 771 \ 

decomposition, electro-chemical, hydrofluonc acid 
and fluorides, 770 

decomposition, electro-chemical, iodide of lead, 
802,818 

decomposition, electro-chemical, iodide of potas- 
sium, 805 

decomposition, electro-chemical, muriatic add, 
758, 786 

decomposition, electro-chemical, nitre, 753 j 
decomposition, electro-chemical, nitric acid,' 752 
decomposition, electro-chemical, oxide of anti- 
mony, 801 

decomposition, electro-chemical, oxide of lead, 
797 

decomposition, electro-chemical, protochloride of 
tin, 789, 819 

decomposition, electro-chemical, protiodide of 
tin, 804 

decomposition, electro-chemical, sugar, gum, &c., 
776 

decomposition, electrochemical, of sulphate of 
magnesia, 495 

decomposition, electro-chemical, sulphuric add, 
767 

decomposition, electro-chemical, sulphurous add, 
765 

decomposition, dectro-chemical, tartaric acid, 775 
decomposition, electro-chemical, water, 704, 785, 
807 

decomposition, electro-chemical, theory of, 477^ 
1345 

decomposition, electro-chemical, theory of, by A. 

de la Hive, 489, 507, 514, 543 
decomposition, electro-chemical, theory of, Biot, 
486 

decomposition, electro-ehemical, theory of, Dayy, 
482,500 

decomposition, eleetro-ehemieal, theory of, 
thuBB,481,499,516 
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ddCompoBiUoni dectro*dwmioal, theory of, Ha- 
chette,491,513 

dfiC(Hapo8ition, electro-chemical, theory of, Rif- 
faultand Chompr6, 485, 507, 512 
decompoeitioB, electro-chemical, author’s theory, 
518, 524, 1345, 1623, 1703, 1706 
definite decomposing action of electricity, 329, 
372,377,504,704,783,821 
definite electro-chemical action, 822, 869, 960 
definite electro-chemical action, general principles 
of, 822, 862 

definite electro-chemical action, in chloride of 
lead, 815 

definite electroH^mical action, in chloride of sil- 
ver, 813 

definite electro-chemical action, in hydriodic acid, 
767, 787 

definite electro-chemical action, iodide of lead, 
802,818 

definite electro-chemical action, muriatic acid, 
758,786 

definite electro-chemical action, protochloride of 
tin, 819 

definite electro-chemical action, water, 732, 785, 
807 

definite inductive action, p. 848 
definite magnetic action of electricity, 216, 362, 
367,377 

degree in measuring electricity, proposal for, 736 
De la Rive on heat at the electrodes, 1637 
De la Rive, his theory of electro-chemical decom- 
position, 489, 507, 514, 543 
delineation of lines of magnetic force, 3234 
dielectrics, what, 1168 

dielectrics, their importance in electrical actions, 
1666 

dielectrics, their relation to static induction, 
1296 

dielectrics, their condition under induction, 1369, 
1679 

dielectrics, their specific electric actions, 1296, 
139$, 1423, 1454, 1503, 1560 
diamagnetism, 2243, 2417 
diamagnetic action, its nature, 2417, 2427 
diamagnetic body defined, 2149, 2790 
diamagnetic condition of flame and gases, pp. 
855,864 

diamagnetic condition of smoke, p. 865 
diiunagnetic curves, 2270 
diamagnetic force, relation to distance, p. 823 
diamagnetic motions, 2253, 2257, 2259, 2271 
diamagnetic order, 2284, 2^7, 2399 
diamagnetic pointing, 2258, 2282 
diamagnetic polarity, 2429 
diamagnetic polarity, its nature, 2497, 26^, 2820 
diamagnetic polarity examined by inductive our- 
> xea^ pz^uced, ^55, 2663 
diamagnetie polarity examined by effects of ap- 
proach and recession, 2640, 2665 
diami^Snetio polarity examined by effects of time, 
SWl 

polarity examined by <fivision, 2658 
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diamagnetic polarity examined by division into 
discs, 2659, 2661 

diamagnetic polarity examined by divisiem into 
wires, 2659, 2662 

diamagnetic polarity examined by shortening the 
cores, 2657 

diamagnetic polarity examined by helices, 2668 
diamagnetic polarity examined by velocity, 2681 
diamagnetic pohu'ity, supposed proofs doubtful, 
2689,3311,3320 

diamagnetic substances, 2275, 2279 
diamagnetic substances, list of, 2280, 2399 
diamagnetic substances acted on by magnets, 
2275 

diamagnetic substances, suspension of, 2248 
diamagnetic substances, suspension of, precau- 
tions, 2250 

diamagnetic substances, division of, 2283, 2302 
diamagnetic substances, antimony, 2295 
diamagnetic substances, bismuth, 2295 
diamagnetic substances, crystals, 2278 
diamagnetic substances, fluids, 2279 
diamagnetic substances, metals, 2291, 2295, 2425 
diamagnetic substances, phosphorus, 2277, 2284 
difference of positive and negative discharge, 
1465, 1480, 1485 

differences in the order of metals, 1877, 2010 
differences between magnets and helices, p. 804 
differential inductometer, 1307 
differential magnetic action, 2361, 2422, 2757, 
2405,3316 

dilution, its influence over exciting voltaic force, 
1969, 1982, 1993 

dilution changes the order of the metals, 1993, 
1969, 1999 

direction, axial and equatorial, 2252 
direction of electro-xnagnetic rotation, p. 798 
direction of new electro-magnetic motions, p. 799 
direction of gymnotus electricity, 1761, 1762, 
1763, 1764, 1772 

direction of ions in the circuit, 962 
direction of the electric current, 663 
direction of the magneto-electric current, 114, 116 
direction of the induced volta-electric current, 18, 
26, 1091 

discharge, electric, as balls of fire, 1641 
discharge, electric, of Leyden jar, 1300 
discharge, electric, of voltaic battery by hot air, 
271,274 

discharge, electric, of voltaic battery by points, 
272 

discharge, electric, velocity of, in metal, varied, 
1333 

discharge, electric, varieties of, 1319 
discharge, electric, toish, 1425. See ^^rush’’ 
discharge, electric, carrying, 1562. Sfe '^discharge, 
convective” 

discharge, electric, conductive, 1320. See 
dttction” 

discharge, electric, dark, 1444, 1544 
discharge, electric, disruptive, 1369, 1405 ;; 
discharge, electric, electrolytic, 134^ 1622. IfOi 



876 INDEX 


discharge, electric, glow, 1526. See *^glow*’ 
discharge, electric, pcusitive and negative, 1465 
discharge, electric, spark, 1406. See ^*spark, elec- 
tric” 

discharge, convective, 1442, 1562, 1601, 1623, 

1633. 1642 

discharge, convective, in insulating media, 1562, 
1672 

discharge, convective, in good conductors, 1603 
discharge, convective, with fluid terminations in 
air, 1581, 1589 

discharge, convective, with fluid terminations in 
liquid, 1597 

discWge, convective, from a ball, 1576, 1590 
discharge, convective, influence of points in, 1573 
discharge, convective, affected by mechanical 
causes, 1579 

discharge, convective, affected by flame, 1580 
discharge, convective, with glow, 1576 
discharge, convective, charge of a particle in air, 

. 1564 

discharge, convective, charge of a particle in oil 
of turpentine, 1570 

discharge, convective, charge of air by, 1442, 1592 
discharge convective, currents produced in air, 
1572, 1581, 3591 

discharge convective, currents produced in oil of 
turpentine, 1595, 1598 

discharge convective, direction of the currents, 
1599, 1645 

discharge convective, Porrett’s effects, 1646 
discharge convective, positive and negative, 1593, 

1600. 1643 

discharge convective, related to electrolytic dis- 
charge, 1622, 1633 
discharge, dark, 1444, 1544, 1560 
discharge, dark, with negative glow, 1544 
discharge, dark, between positive and negative 
glow, 1547 

discharge, dark, in air, 1548 
discharge, dark, muriatic acid gas, 1554 
discharge, dark, coal gas, 1556 
discharge, dark, hydrogen, 1558 
discharge, dark, nitrogen, 1559 
discharge, disruptive, 1405 
discharge, disruptive, preceded by induction, 1362 
discharge, disruptive, determined by one paxticle, 
1370, 1409 

discharge, disruptive, necessary intensity, 1409, 
1553 

discharge, disruptive, determining intensity con- 
stant, 1410 

discharge, disruptive, related to particular dielec- 
tric, 1503 

discharge, disruptive, facilitates like action, 1417, 
1435, 1453, 1553 

discharge, disruptive, its time, 1418, 1436, 1498, 
1641 

discharge, disruptive, varied by form of conduc- 
tors, 1302, 1372, 1374 

dischaiige, disruptive, varied by change in the di- 
^tric, 1395^1422, 1454 


discharge, disruptive, varied by rarefaction of air, 
1365, 1375, 1451 

discharge, disruptive, varied by temperature, 
1367, 1380 

discharge, disruptive, varied by distance of con- 
ductors, 1303, 1364, 1371 
discharge, disruptive, varied by size of conduc- 
tors, 1372 

discharge, disruptive, in liquids and solids, 1403 
discharge, disruptive, in different gases, 1381, 
1388, 1421 

discharge, disruptive, in different gases not alike, 
1395 

discharge, disruptive, in different gases specifle 
differences, 1399, 1422, 1687 
discharge, c^ruptive, positive and negative, 1393, 
1399, 1465, 1524 

discharge, disruptive, positive and negative, dis- 
tinctions, 1467, 1475, 1482 \ 

discharge, disruptive, positive and negative, dif- 
ferences, 1485, 1501 \ 

discharge, disruptive, positive and negative, rel- 
ative facility, 1496, 1520 \ 

discharge, disruptive, positive and negative, de- 
pendent on the dielectric, 1503 
discharge, disruptive, positive and negative, in 
different gases, 1506, 1510, 1518, 1687 
discharge, disruptive, positive and negative, of 
voltaic current, 1524 
discharge, disruptive, brush, 1425 
discharge, disruptive, collateral, 1412 
discharge, disruptive, dark, 1444, 1544, 1560 
discharge, disruptive, glow, 1526 
discharge, disruptive, spark, 1406 
discharge, disruptive, theory of, 1368, 1406, 1434 
discharge, electrolytic, 1164, 1343, 1621, 1703, 
1706 

discharge, electrolytic, previous induction, 1345, 
1351 

discharge, electrolytic, necessary intensity, 912, 
966, 1346, 1354 

discharge, electrolytic, division of the electrolyte, 
1347. 1704 

discharge, electrolytic, stopped by solidifying the 
electrolyte, 380, 1358, 1705 
discharge, electrolytic, facilitated by added bodies, 
1355 

discharge, electrol 3 rtic, in curved lines, 521, 1216, 
1351 

discharge, electrolytic, proves action of contigu- 
ous particles, 1349 

discharge, electrolytic, positive and negative, 1525 
discharge, electrolytic, velocity of electric current 
in, 1650 

diseWge, electrolytic, related to convective dis- 
charge, 1622 

discharge, electrolytic, theory of, 1844, 1622, 1704 
discharging train generally ui^, 292 
discs, metdlic, revolving in lines of force, 3159, 
3167 

discs of non-conductors, 3171 
disposition of magnetie force, 3305 
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disruptive disoharge, 1359, 1495. 5«6 ^'disoharge, 
disruptive’^ 

dissimulated electricity, 1684 
distance, differences with different bodies, p. 822 
distance, its influence in induction, 1303, 1364, 
1371 

distance over disruptive discharge, 1364, 1371 
distant chemical actions, connected and opposed, 
891,909 

distinction of magnetic and magneto-electric ac- 
tion, 138, 216,243,253 
diurnal variation, 2892, 2920 
division of a charge by inductive apparatus, 1208 
Dobereiner on combination effected by platina, 
609, 610 

dual forces, p. 817 

dual forces always equal and dependent, 3324 
dualities, magnetic, 3323, 3341 
Dulong and Thenard on combination by platina 
and solids, 609, 611 
dust, charge of its particles, 1567 

earth, its magnetism directs an electric current, 
p. 807 

earth, electro-magnetic motions produced by, p. 
809 

earth, natural magncto-electric induction in, 181, 
190, 192 

elasticity of gases, 626 
elasticity of gaseous particles, 658 
electric brush, 1425. See **brush, electric” 
electric condition of particles of matter, 862, 1669 
electric conduction, 1320. See * ^conduction” 
electric conduction, speculation on, p. 850 
electric current defined, 283, 611 
electric current, nature of, 511, 1017, 1627 
electric current. See “current, electric” 
electric current, induction of, 6, 232, 241, 1048, 
1 101 . See * induction of electric current” 
electric current, induction of, on itself, 1048 
electric current affected by terrestrial magnetism, 
pp. 807, 809 

electric current affects the molecular attraction of 
mercury, p. 811 

electric current under the influence of a magnet, 
p. 812 

electric current and a magnet, their relative po- 
sitions, p. 797 

electric current, direction given to it by the earth, 
p.805 . „ 

electric currents, their action on light, 2189, 2170 
electric discharge, 1319. See “discharge” 
electric force, nature of, 1667. See “forces” 
electric induction, 1162. See “induction” 
electric inductive capacity, 1252. See “specific 
inductive capacity” 

electric induction, static principles of, p. 848 
electric lines of force, 2149 
eleotric polarity, 1685. See “polarity, electric” 
electric spark, *1406. See “spark, electric’’ 
electric and magnetic forces, their relation, 118, 
1411, 1663, 1668.1709,1731 


eleetaic and nervous power of the gymnotus, 1789 
electric and nervous power of the gymnotus, con- 
vertible, 1790, 1792 
electric rotation of light, 2189, 2195 
electric rotation of light, law of, 2199 
electric rotation of light in fluick, 2201, 2183 
electric rotation of light in fluids, in iron tubes, 
2209 

electric rotation of light in rotating bodies, 2204 
electric rotation of light in various bodies, 2211 
electric spark from the gymnotus, 1766 
electrical excitation, 1737. See “excitation” 
electrical machine generally used, 290 
electrical battery generally used, 291 
electrical and chemical forces identical, 877, 917, 
947,960,965, 1031 

electricities, their identity, however excited, 265, 
360 

electricities, one or two, 516, 1667 
electricities, two, 1163 

electricities, two, their independent existence, 
1168 

electricities, two, their inseparability, 1168, 1177, 
1244 

electricities, two, never separated in the current, 
1628 

electricity, quantity of, in matter, 852, 861 
electricity, its distribution on conductors, 1368 
electricity, its distribution on conductors in- 
fluenced by form, 1302, 1374 
electricity, its distribution on conductors in- 
fluenced by distance, 1303, 1364, 1371 
electricity, its distribution on conductors in- 
fluenced by air’s pressure, 1375 
electricity, relation of a vacuum to, 1613 
electricity, dissimulated, 1684 
electricity, common and voltaic, measured, 361, 
860 

electricity, its definite decomposing action, 329, 
377,783, 1621 

electricity, its definite heating action, 1625 
electricity, its definite magnetic action, 216, 366 
electricity, animal, its characters, 351 
electricity, magneto-, its characters, 343 
electricity, ordinary, its characters, 284 
electricity, thermo-, its characters, 349 
electricity, voltaic, its characters, 268 
electricity from compressed air, 2129 
electricity from compressed air, due to moisture 
in it, 2130, 2132 

electricity from compressed air, double excite- 
ments, 2139 

electricity from compressed air with sulphur, 
2138, 2140 

electricity from compressed air with silica, 2138, 
2140 

electricity from compressed air with resin, 2138, 
2139 

electricity of the gymnotus, 1749, 1769. See "gyrii-^ 
notus” 

electricity of oxalate of lime, p. 813 
electricity evolved by friction of bodies, 2141 
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e]ie<»tnoii;y evolved by action, 2030, 

2039. See ^Voltaic pile, source of its power^' 
electricity evolved by chexmcai action varies with 
the action, 2031, 2036, 2040 
electricity from magnetism, 27, 36, 57, 83, 135, 140 
electricity from magnetism, on magnetization of 
soft iron by currents, 27, 34, 57, 113 
electricity from magnetism, on magnetization of 
soft iron by magnets, 36, 44 
electricity from magnetism, employing permanent 
magnets, 39, 84, 112 

electricity from magnetism, emplo 3 dng terres- 
trial magnetic force, 140, 150, 161 
electricity from magnetism, employing moving 
conductora, 55, 83, 132, 109, 149, 161, 171 
electricity from magnetism, employing moving 
conductors essential condition, 217 
electricity from magnetism by revolving plate, 
83, 149,240 

electricity from magnetism by revolving plate, a 
constant source of electricity, 89, 90, 154 
electricity from magnetism by revolving plate, 
law of, evolution, 114 

electricity from magnetism by revolving plate, 
direction of the current evolved, 91, 99, 110, 
116, 117 

electricity from magnetism by revolving plate, 
course of the currents in the plate, 123, 150 
electricity from magnetism by a revolving globe, 
137, 160 

electricity from magnetism by plates, 94, 101 
electricity from magnetism by a wire, 49, 55, 109, 
112, 137 

electricity from magnetism, conductors and mag- 
net may move together, 218 
electricity from magnetism, current produced in 
a single wire, 49, 55, 170 

electricity from magnetism, current produced a 
ready source of electricity, 46, note 
electricity from magnetism, current produced mo- 
mentary, 28, 30, 47 

electricity from magnetism, current produced 
permanent, 89, 154 

electricity from magnetism, current produced de- 
flects ^vanometer, 30, 39, 46 
electricity from magnetism, current produced 
makes magnets, 34 

electricity from magnetism, current produced, 
shock 56 

electricity from magnetism, current produced, 
flg)arkof,32 

electricity from magnetism, current produced 
traverses fluids, 23, 33 

idectricity from magnetism, current produced, 
iii djlri^on, 30, 38, 41i 52, 53, 54, 78, 91, 99, 
114,142,166,220,222 

eiectricilly ,lrom magnetisn^, effect of approxima- 
tionaimrmBsion, 18, 39, 50 
dectrldty imn magnetism, the essential condl- 
ti^2i7 

dectridty laagnetim, general expresrion of 

thed9^ta(256 


electricity from maffaetism, from magnets alo^, 
220 

electricity from steam and water, 2075, 2085, 
2090 

electricity from steam and water, apparatus de- 
scribed, 2076, 2087 

electricity from steam and water, how examined, 
2082 

electricity from steam and water, not due to 
evaporation or condensation, 2083, 2145 
electricity from steam and water not produced by 
steam alone, 2084, 2089, 2093 
electricity from steam and water has no relation 
to electricity of the atmosphere, 2145 
electricity from steam and water not chemical in 
its origin, 2106 

electricit;^ from steam and water affected by pres- 
sure of steam, 2086 I 

electricity from steam and water, soundvof the is- 
suing current, 2088 \ 

electricity from steam and water, activd or pas- 
sive jets, 2102, 2104 \ 

electricity from steam and water, place oi its ex- 
citation, 2103 ' 

electricity from steam and water, place of its col- 
lection, 2103 

electricity from steam and water positive or neg- 
ative at pleasure, 2108, 2117 
electricity from steam and water rendered null, 
2118 

electricity from steam and water due to friction of 
water, 2085, 2089, 2090, 2093, 2130, 213? 
electricity from steam and water, pure water re- 
quired, 2090, 2093 

electricity from steam and water, water always 
positive, 2107 

electricity from steam and water, effect of salts or 
acids, 2090, 2096, 2115, 2121 
electricity from steam and water, effect of am- 
monia, 2094 

electricity from steam and water, effect of alkaUes* 
2092,2094,2121,2126 

electricity from steam and water, effect of fixed 
oils, 2111, 2120, 2128, 2137 
electricity from steam and water, effect of vola- 
tile oils, 2108, 2123, 2136 

electricity from steam and water, effect of other 
bodies, 2113 

electricity from steam and water, substances 
rubbed by the water, 2097, 2099, 2122 
electricity from steam and water, substances 
rubbed by the water, all rendered negatiyei 
2107 

electricity from, steam and water, effect of 
stances rubbed by the water, all rendered jpos- 
itive, 2122 

electricity, light and magnetism, oases d non- 
action, 2216 

electricity, its possible relation to gravity, 2Sff3^^ 
2717 

efecflricity, its vebcity d conduction, p. 827 
electricity of the volteic pile, 875 . v , . 
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^leetrioity of the voltidQ its source^ 875 

electricity of the voltaic pile, its source, not . me- 
tallic contact, 887, 915 

electricity of the voltaic pile, its source, is in 
chemical action, 879, 916, 919, 1738, 1741 
electrics, charge of, 1171, 1247 
electro-chemical decomposition, 450, 661 
electro-chemical decomposition, nomenclature, 
661 

electro-chemical decomposition, general condi- 
tions of, 669 

electro-chemical decomposition, new conditions 
of, 453 

electro-chemical decomposition, influence of 
water in, 472 

electro-chemical decomposition, primary and sec- 
ondary results, 742 

electro-chemical decomposition, definite, 732, 783 
electro-chemical decomposition, theory of, 477 
electro-chemical decomposition. See also '^de- 
compontion, electro-chcmical” 
electro-chemical equivalents, 824, 833, 835, 855 
electro-chemical equivalents, table of, 847 
electro-chemical equivalents, how ascertained, 
837 

electro-chemical equivalents always consistent, 
835 

electro-chemical equivalents same as chemical 
equivalents, 836, 839 

electro-chemical equivalents able to determine 
atomic number, 851 

electro-chemical excitation, 878, 919, 1738 
electrode defined, 662 
electrodes affected by heat, 1637 
electrodes, varied in size, 714, 722 
electrodes, varied in nature, 807 
electrodes. See^*poles** 
electrolysis by the gymnotus current, 1763 
^ectrolysis, resistance to, 1007 
electrolyte denned, 664 
electrolyte exciting, sdiution of acid, 881 , 925 
electrolyte exciting alkali, 931, 941 
electrolyte exciting, water, 944, 945 
electrolyte exciting sulphuretted solution, 943 
electrolytes, their necessary constitution,669,823, 
829,858,921,1347, 1708 
electrdytes consist of single proportionals of ele- 
ments, 679, 697, 830, 1707 
electrolyies essential to voltaic pile, 921 
^cl 7 olytes essential to voltaic pile, why, 858, 
923 

i^ectrolytes conduct and decompose simultane- 
ously, 413 

electrolytes can conduct feeble currents without 
decomposition, 967 

electrolytes, as ordinary conductors, 970, 983, 

1344 .... 

^bctrolytes, solid, their insulating and conducting 
power, 419 

el^trolytes, real conductive power not affected 

./%dSsolW matters, 1856 

tiectrob^tesi needful conducting power, 1158 


electrolytes are good ecxsduetoni when fluid, 394, 
823 

electrolytes in inactive circles, 1823 
electrolytes being good conductors, 1812, 1822 
electrolytes being good conductors, sulphuret of 
potassium, 1812, 1880 

electrolytes being good conductors, nitrous acid, 
1816 

electrolytes being good conductors, nitric ac|id, 
1817 

electrolytes being good conductors, sulphuiicacid, 
1819 

elcctrolsrtes non-conductors when solid, 881, 394 
electrolytes non-conductors when solid, why, 910, 
1705 

electrolytes non-conductors when solid, the 
ception, 1032 

electrolytes, their particles polarize as wholes, 
1700 

electrolytes, polarized light sent across, 951 
electrolytes, relation of their moving elements to 
the passing current, 923, 1704 
electrolytes, their resistance to decomposition, 
891, 1007, 1705 

electrolytes and metal, their states in the voltaic 
pile, 946 

electrolytes, salts considered as, 698 
electrolytes, acids not of this duss, 681 
electrolytic action of the current, 478, 518, 1620 
electrolytic conductors, 474 
electrolytic discharge, 1343. See ^'discharge, 
electrolytic^^ 

electrolytic induction, 1164, 1343 
electrolytic intensity, 911, ^6, 983 
electrolytic intensity varies for different bodies, 
912,986, 1354 

electrolytic intensity of chloride of lead, 978 
electrolytic intensity of chloride of silver, 979 
electrolytic intensity of sulphate of soda, 975 
electrolytic intensity of water, 968, 981 
electrolytic intensity, its natural relation, 987)^ 
electrolyzation, 450, 661, 1164, 1347, 1704. 

''decomposition electro-chemical*' 
electrolyzation defined, 664 
electrolyzation facilitated, 394, 417, 549, 1355 
electrolyzation in a single circuit, 863, 879 
electrolyzation, intensity needful for, 919, 966 
electrolyzation of chloride of silver, Ml, 979 
electrolyzation sulphate of magnesia, 495 
electrolyzation and conduction associated, 413, 
676 

electro-magnet, the great, 2247 
electro-magnet, Woolwich helix, 2246 
electro-magnet, inductive effects in, 1060 
electro-magnetic induction definite, 216, 366 
electro-magnetic motions, new, pp. 795, 799, 809 
electro-magnetic motions, tan^ntial, p. 797 
electro-magnetic ring, De la Rive's, p. 800 ... 
electro-mastic rotation, pp. 797,809 > 

electro-magnetic rotation, its direction, 798 

eketro-magneti^ rotation, wire round pdk, 
p.797 
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deotro*inag&fitic rotation, pole round the wire, 
p.798 

electro-magnetic rotation, apparatus for, pp. 797, 
807 

electro-magnetic rotation, terrestrial, p. 810 
electrometer, Coulomb’s, described, 1180 
electrometer. Coulomb's, how used, 1183 
electrometer results, their comparative value, 
1808 

electro-tonic state, 60, 231, 242, 1114, 1661, 1729, 
3172 

electro-tonic state considered common to all 
metals, 66 

electro-tonic state considered common to all con- 
ductors, 76 

electro-tonic state is a state of tension, 71 
electro-tonic state is dependent on particles, 73 
elementary bodies probably ions, 849 
elements evolved by force of the current, 493, 520, 
624 

elements evolved at the poles, why, 535 
elements evolved, determined to either pole, 652, 
681,757 

elements evolved, transference of, 454, 538 
elements evolved, if not combined, do not travel, 
544, 546 

equatorial and axial, 2252 
equivalents, electro-chemical, 824, 833, 855 
equivalents, chemical and electro-chemical, the 
same, 836, 839 
ether, interference of, 651 
evaporation doc^s not produce electricity, 2083 
evolution of electricity, 1162, 1737 
evolution of one electric force impossible, 1175 
evolution of elements at the poles, why, 535 
evolution of heat by the gymnotus current, 1765 
evolution of electricity by chemical action, 2030, 
2039 

evolution of electricity varies with the action, 
2031,2036,2040 
excitation, electrical, 1737 
excitation by chemical action, 878, 916, 1739 
excitation by friction, 1744 
excitement, thermo and contact, compared, 1830, 
1836, 1844,2054 

excitement, chemical and contact compared, 1831, 
1836, 1844 

excitement, how affected by heat, 1913, 1922, 
1942, 1956, 1960, 1967 
excitement at the cathode, 2016, 2045, 2052 
exciting electrolytes being good conductors, 
1812 

exciting electrolytes being good conductors, sul- 
phuretof potassium, 1812, 1880 
exciting voltaic force influenced by first immer- 
sion, 1917 

exciting voltaie force influenced by investing 
fluid, 1918 

exciting voltaic force influenced by motion, 1919 
exiting voltaic force influenced by air, 1921 
exciting voltaic force influenced by place of met- 
al terminations, 1928 


exciting voltaic force influenced by cleaning of 
metals, 1929 

exciting voltaic force influenced by dilution, 1969, 
1982, 1993 

exciting voltaic force influenced by heat, 1913, 
1922, 1941, 1956, 1960, 1967 
exciting voltaic force influenced by heat, peculiar 
results, 1925, 1953, 1966, 1967 
exclusive induction, 1681 
experiments for the gymnotus proposed, 1792 

first immersion, its influence, 1917 
fish killed by a gymnotus, 1785 
fixed oils, their effect on the electricity of steam, 
&c., 211 1,2120, 2123, 2137 
flame favours convective discharge, 1580, 
flame, its diamagnetic condition, pp. 855j 865 
flame surrounding currents of air, p. 8671 
flowing water, electric currents in, 190 \ 

fluid terminations for convection, 1581 \ 

fluids, contact of, 1810, 1835, 1861, 1844 \ 
fluids, contact of, inactive in the pile, 182^, 1829, 
1835, 1844, 1858 \ 

fluids being good conductors, 1812, 1822 
fluids being good conductors, assumptions re- 
specting them, 1810, 1835, 1844, 1860, 1865, 
1870, 1888, 1982, 1992, 2006, 2014, 2060 
fluids, magnetic rotation of light in, 2183 
fluids and metals, thermo currents of, 1931 
fluids, their adhesion to metals, 1038 
fluids, their non-expansion in the magnetic field, 
2172 

fluoride of lead, hot, conducts well, 1340 
force, chemical, local, 947, 959, 1739 
force, chemical, circulating, 917, 947, 996, 1120 
force, electric nature of, 1163, 1667 
force, inductive, of currents, its nature, 60, 1113, 
1735 

force, its necessary conservation, 3326 
forces, electric, two, 1163 
forces, electric, inseparable, 1163, 1177, 1244, 
1627 

forces, electric and chemical, are the same, 877, 
916 

forces, electric and magnetic, relation of, 1411, 
1653, 1658, 1709 

forces, electric and magnetic, are they essentially 
different? 1663, 1731 

forces, exciting, of voltaic apparatus, 887, 916 
forces, exciting, of voltaic apparatus, exalted, 905, 
994,1138,1148 

forces of nature, their unity, 2702 
forces, polar, 1665 
forces of the current, direct, 1620 
forces of the current, lateral or transversCi 1653, 
1709 

form, its influence on induction, 1302, 1374 
form, its influence on discharge, 1372, 1374 
Fort Simpson, variations, 2914, 2968, tables 
Fox, bis terrestrial electric currents, 187 
friction, its effects in producing electricity, 
2142 
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friction of bodies against each other, electricity 
evolved, 2141 

friction electricity, its characters, 284 
friction, excitement by, 1744 
friction of water produces electricity, 2075, 2085, 
2090 

friction of water. See “electricity from steam and 
water “ 

friction of water against sulphur, 2097, 2098 
friction of water against metals, 2097, 2099, 2106 
friction of water against ivory, 2102, 2104, 2144 
fuse for electrical mining, p. 830 
Fusinieri, on combination effected by platina, 
613 

fusion, conduction consequent upon, 394, 402 

galvanometer, affected by common electricity, 
289,366 

galvanometer, a correct measure of electricity, 
367, note 

galvanometer of thick wire, 3124, 3179 
galvanometer of thick wire, influential circum- 
stances, 3124, 3179 

galvanometer of thick wire, value of its indica- 
tions, 3184 

galvanometer of thick wire, contacts, 3126 
gases or vapours do not excite electricity by fric- 
tion, 2145 

gases do not expand by magnetism, 2718, 2750, 
2756 

gases, no magnetic rotation of light in, 2186 
gases, their magnetic character, 2785, 2792 
gases affected magnetically by heat, 2855, p. 863 
gases, action of magnets on, 2400, 2432 
gases, their magnetic relation, pp. 858, 861 
gases, air, pp. 859, 862, 863 
gases, ammonia, pp. 861, 864 
gases, bromine vapour, p. 861 
gases, carbonic acid, pp. 860, 862 
gases, carbonic acid, hot, p. 864 
gases, carbonic oxide, pp. 860, 862 
gases, chlorine, p. 861 
gases, coal gas, pp. 860, 863 
gases, coal gas, hot, p. 864 
gases, cyanogen, p. 861 
gases, hydriodic acid, p. 861 
gases, hydrogen, pp. 860, 862, 864 
gases, hydrogen, hot, p. 864 
gases, iodine vapour, p. 861 
gases, muriatic acid, pp. 860, 864 
gases, nitrogen, pp. 859, 862, 863, 864 
gases, nitric oxide, p. 860 
gases, nitrous oxide, pp. 860, 862, 863 
gases, nitrous acid gas, p. 860 
gases, olefiant gas, pp. 860, 864 
gases, oxygen, pp. 860, 862, 863, 864 
gases, oxygen, hot, p. 864 
gases, sulphurous acid, p. 860 
gases in the magnetic field examined, 2723, 2728, 
2734, 2770 

giMiftft in the magnetic field examined by a ray of 
light, 2723 


gases in the magnetic field examined in close ves* 
sels, 2730, 2737, 2743, 2749 
gases in the magnetic field examined as bubbles, 
2758,2765 

gases in the magnetic field examined, hydrogen in 
air, 2740 

gases in the magnetic field examined, no currents, 
2754 

gases, their elasticity, 626, 657 
gases, their conducting power, 1336 
gases, their insulating power, 1381, 1507 
gases, their insulating power not alike, 1395, 1508 
gases, their specific inductive capacity, 1283, 1290 
gases, their specific inductive capacity alike in all, 
1292 

gases, their specific influence on brush and spark, 

1463. 1687 

gases, discharge, disruptive, through, 1381 
gases, brush in, 1454 
gases, spark in, 1421 

gases, positive and negative brushes in, 1475 
gases, positive and negative brushes in, their dif- 
ferences, 1476 

gases, positive and negative discharge in, 1393, 

1606. 1687 

gases, solubility of, in cases of electrolyzation, 717, 
728 

gases from water, spontaneous recombination of, 
666 

gases, mixtures of, affected by platina plates, 571 
gases, mixed, relation of their particles, 625 
general principles of definite electrolytic action, 
822 

general remarks on voltaic batteries, 1034, 1136 
general results as to conduction, 443 
general results as to induction, 1295 
glass, heavy, 2151, 2176, 2214 
glass, its conducting power, 1239 
glass, its specific inductive capacity, 1271 
glass, its attraction for air, 622 
glass, its attraction for water, 1254 
globe, revolving of Barlow, effects explained, 137, 
160 

globe, revolving of Barlow, is magnetic, 164 

globe magnet, its condition, 3331, 3357 

glow, 1405, 1526 

glow, produced, 1527 

glow, positive, 1527 

glow, negative, 1530 

glow, favoured by rarefaction of air, 1520 
glow, is a continuous charge of air, 1526, 1637, 
1543 

glow occurs in all gases, 1534 
glow accompanied by a wind, 1535 
glow, its nature, 1543 
glow, discharge, 1526 

^ow, brush and spark relation of, 1533, 1588, 1539, 
1542 

gravitating force, Newton’s conclusion, 3305, note 
gravitating force, its possible relation to dectrio- 
ity,2702, 2717 

Greenwich variations, 291 1, 3018 
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Grottliuss’ theory id electro-obemieal deoompoa- 
itioii,481,4d9,515 
growth of a brush, 1437 
growth of a spark, 1553 

gymnotus, mode of preserving it in travel, 1753 
gymnotus, electric force of the, 1749, 1769 
gymnotus, its electricity collected, 1757 
gymnotus, quantity of electricity, 1770, 1772, 1784 
gymnotus, Erection of its force, 1761, 17^, 1763, 
1764, 1772 

gymnotus affects the galvanometer, 1761 
gymnotus can make a magnet, 1762 
gymnotus can effect chemical decomposition, 1763 
gymnotus can evolve electric heat, 1765 
gymnotus, the spark from, 1766 
gymnotus, shock from, 1760, 1770, 1773 
gymnotus, its relation to the water around it, 1786 
gymnotus, curves of force around it, 1784 
gymnotus, its mode of shocking its prey, 1785 
gymnotus, conscious of its influence on other ani- 
mals, 1788 

l^mnotus, relation of nervous and electric power 
in it, 1789 

gymnotus, experiments on its electro-nervous 
system, 1792 

Hachette’s view of electro-chemical decomposi- 
tion, 491 

Hare’s voltaic trough, 1123, 1132 
Harris on induction in air, 1363 
heat affects the two electrodes, 1637 
heat increases the conducting power of some bod- 
ies, 432, 438, 1340 

heat, its conduction related to that of electricity, 
416 

heat, as a result of the electric current, 853, note, 
1625, 1630 

heat evolved by animal electricity, 353 
heat evolved by common electricity, 287 
heat evolved by magneto-electricity, 344 
heat evolved by thermo-electricity, ^9 
heat evolved by voltaic electricity, 276 
heat, its effect on the magnetism of gases, 2856, 
p.864 

heat, its effect on the magnetism of air, 2856, 2859, 
pp. 857, 864 

heat, its effect on the magnetism of carbonic acid, 
2857 

heat, its effect on the magnetism of nittogen, 2858 
heat, its effect on the magnetism of oxygen, 2861 
heatevolved by the gymnotus current, 1765 
heat, its influence on magnetism of iron, p. 814 
heat, its influence on magnetism of nickel, p. 814 
heat, its influence on magnetism of badstone, 
P.S15 

heat, its influence on magnetism of magnets, 

p.814 

heat, its effect on excitement, 1913, 1922, 1942, 
1956,1960,1357 

heat, its effect on exdtement, peculiar results, 
1925, 1953, 1966, 1967 

heat with metals adds, 1946, 1949, 1956, 1963 


heat with metals and alkalies, 1945, 1948, 1956, 

1962. 1966 

heat with metals and sulphuret of potassa, 1943, 

1953. 1956. 1961. 1966 
heavy glass, 2151, 2176, 2214 

heavy glass, action of magnets on, 2253, 2273 
heavy glass points equatorially, 2253, 2264 
heavy glass is repelled bodily, 2259, 2265, 2266 
heavy glass, rotation of light in it, 2152, 2171 
helices for electric action on light, 2190, 2213 
helices and magnets, p. 801 
helices and magnets, compared, pp. 802, 805 . 
helices and magnets, their differences, p. 804 
helix, inductive effects in, 1061, 1094 
Hobarton variations, 2896, 2948, 3027 
Humboldt on preservation of gymnoti, 1753 
hydriodic Acfd, its electrolyses, 767, 787 j 
hydrocyanic acid, its electrolyses, 771, 788 
hydrofluoric acid, not electrolysable, 770 \ 
hydrogen, brush in, 1459 \ 

hydrogen, positive and negative brush in, 1476 
hydrogen, positive and negative discharge m,1514 
hydrogen and oxygen combined by platina plates, 
570, 605 ' 

hydrogen and oxygen combined by spongy plat- 
ina, 609 

hypotheses of magnetic force, 3301, 3303 

ice, its conducting power, 419 
ice a non-conductor of voltaic currents, 381 
ice positive to rubbing air, &c., 2132 
Iceland crystal, induction across, 1695 
identity of electricities, 265, 360 
identity of chemical and electrical forces, 877, 917, 
947, 961, 1031 

ignition of wire by electric current, 853, note, 1630 
illumination of magnetic lines of force, 2146 
immersion, first, its influence, 1917 
improbable nature of contact force, 2053, 2062, 
2065,2069, 2071,2073 
improved voltaic battery, 1006, 1120 
inactive conducting circles of solids, 1867 
inactive conducting circles containing an electro*- 
lyte, 1823 

inactive conducting circles containing sulphuret of 
potassium, 1824, 1838, 1839, 1861, 1864 
inactive conducting circles containing hydrated 
nitrous acid, 1843, 1848, 1862 
inactive conducting circles containing nitric acid, 
1849, 1862 

inactive conducting circles containing potassa, 
1853 

increase of cells in voltaic battery, effect of, 990 
induced magneto-electric currents, 2327, 2526 
induced magneto-electrio current, th^ force, 
2514, note 

inducteous surfaces, 1483 
induction apparatus, 1187 
induction apparatus, fljdng the stem, 1190, 110^ 
1200 

induction apparatus, precautions, 1194t 110% 

1213, 1232, 1250 
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iadiiiHion apparatas^ femoval of charge, 1203 
induction apparatus, retention of charge, 1205. 
1207 

induction apparatus, a charge divided, 1208 
induction apparatus, pecuUai effects with, 1233 
induction, electric, p. 824 
induction dependent upon intervening particles, 
2240 

induction and conduction connected, p. 827 
induction of magneto-electric currents, 3087 
induction, specific, 1167, 1252, 1307 
induction, specific, the problem stated, 1252 
induction, specific, the problem solved, 1307 
induction, specific, of air, 1284 
Induction, specific, of air, invariable, 1287, 1288 
induction, specific, of gases, 1283, 1290 
induction, specific, of gases alike in all, 1292 
induction, specific, of shellac, 1256, 1269 
induction, specific, glass, 1271 
induction, specific, sulphur, 1275 
induction, specific, spermaceti, 1279 
induction, specific, certain fluid insulators, 1280 
induction, static, 1161 

induction, static, an action of contiguous par- 
ticle^ 1165, 1231, 1253, 1295, 1450, 1668, 1679 
induction, static, consists in a polarity of particles, 
1298, 1670, 1679 

induction, static, continues only iu insulators, 
1298, 1324, 1338 

induction, static, intensity of, sustained, 1302 
induction, static, influenced by the form of conduc- 
tors, 1302 

induction, static, influenced by the distance of 
conductors, 1303 

induction, static, influenced by the relation of the 
bounding surfaces, 1483 

induction, static, charge, a case of, 1171, 1177, 
1300 

induction, static, exclusive action, 1681 
induction, static, towards space, 1614 
induction static, across a vacuum, 1614 
induction, static through air, 1217, 1284 
induction, static through different gases, 1381, 
1395 

induction, static through crystals, 1689 
induction, static through lac, 1228, 1255, 1308 
induction, static through metals, 1329, 1332 
induction, static through all bodies, 1^1, 1334 
induction, static, its relation to other electrical 
actions, 1165, 1178 

induction, static, its relation to insulation, 1324, 
1362, 1368, 1678 

induction, static, its relation to conduction, 
1320 

induction, static, its relation to discharge, 1319, 
1323,1362 

induction, static, its relation to electrolyzation, 
1164, 1348 

Induction^ static, its relation to intensity, 1178, 
1862 

liulitctloii, static^ its relation to excitation, 1178, 

3.740 


induction, staHe, its xektion to disruptive dis* 
charge, 1362 

induction, static, its relation to charge, 1177, 
1299 

induction, static, an essential general elec^iie 
function, 1178, 1299 

induction, static, general results as to, 1295 
induction, static, theory of, 1165, 1231, 1295, 
1667, 1669 

induction, static in curved lines, 1166, 1215, 
1679 ' 

induction, static in curved lines, through air, 
1218, 1449 

induction, static in curved lines through other 
gases, 1226 

induction, static in curved lines through lac, 1228 
induction, static in curved lines through sulphur, 
1228 

induction, static in curved lines through oil of 
turpentine, 1227 

induction, static, principles, p. 848 
induction, static, definite, p. 849 
induction of electric currents, 6, 34, 232,241, 1048, 
1089. 1101, 1660, 1718 

induction of electric currents, on causing the prin^ 
cipal current, 10, 238, 1101 
induction of electric currents, on stopping the 
principal current, 10, 17, 238, 1087, 1100 
induction of electric currents by approximation, 
18,236 

induction of electric currents by increasing dis- 
tance, 19, 237 

induction of electric currents effective through 
conductors, 1719, 1721, 1735 
induction of electric currents effective through 
insulators, 1719, 1722, 1735 
induction of electric currents in different metals, 

193.202.211.213 

induction of electric currents in the moving earth, 
181 

induction of electric currents in flowing water, 190 
induction of electric currents in revolving plates* 
85, 240 

induction of electric currents, the induced current, 
its direction, 26, 232 

induction of electric currents, the induced currenti 
its duration, 19, 47, 89 

induction of electric currents, the induced current, 
traverses fluids, 20, 23 

induction of electric currents, the induced current, 
its intensity in different conductors, 183, 193, 

201.211.213 

induction of electric oiurrents, the induced cuixent^ 
not obtained by Leyden discharge, 24 
induction of eketrie currents, Amp^’s results, 
78,256, 379, note 

induction of a current on itself not due to raosoen- 
tum, 1077 

induction of a current on itself, induced enmnt 
separated, 1078, 1089 ^ 

induction of a current on itself, effect at 
contact, 1060, 1081, 1084, 1087 
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induetdon of « current on itself, eiect at making 
contact, 1101, 1106 

induction of a current on itself, effects produced, 
shock, 1060, 1064, 1079 

induction of a current on itself, effects produced, 
spark, 1060, 1064, 1080 

induction of a current on itself, effects produced, 
chemical decomposition, 1084 
induction of a current on itself, effects produced, 
ignition of wire, 1061, 1104 
induction of a current on itself, cause is in the con- 
ductor, 1069, 1070 

induction of a current on itself, general principles 
of the action, 1093, 1107 

induction of a current on itself, direction of the 
forces lateral, 1108 
induction, magnetic, 255, 1658, 1710 
induction, magnetic, by intermediate particles, 
1663, 1710, 1729, 1736 

induction, magnetic, through quiescent bodies, 
.. 1712,1719,1720,1735 
induction, magnetic, through moving bodies, 
1715, 1716, 1719 

induction, magnetic, and magneto-electric, dis- 
tinguished, 138, 215, 243, 253 
induction, magneto-electric, 27, 68, 81, 140, 193, 
1709. See ^‘Arago’s magnetic phenomena’^ 
induction, magnelectric, 58 
induction, electrolytic, 1164, 1345, 1702, 1740 
induction, volta-electric, 26 
inductive capacity, specific, 1167, 1252 
inductive force of currents lateral, 26, 1108 
inductive force of currents, its nature, 1113, 1660, 
1663, 1709 

inductive force, lines of, 1231 , 1297 1304 
inductive force, lines of, often curved, 1219, 1224, 
1230 

inductive force, lines of, exhibited by the brush, 
1449 

inductive force, lines of, their lateral relation, 
1231, 1297, 1304 

inductive force, lines of, their relation to mag- 
netism, 1411,1658,1709 
induetometer, differential, 1307, 1317 
inductric surfaces, 1483 

inexhaustible nature of the electric current, 1631 
inseparability of the two electric forces, 1 163, 1177, 
1244, 1628 

insulating power of different gases, 1388, 1395, 
1607 

insulation, 1320, 1359, 1361 
insulation, its nature, 1321 
insulation is sustiuned induction, 1324 
insulation, degree of induction sustained, 1362 
insularion dependent on the dielectrics, 1 368 
insulation dependent on the distance in air, 1303, 
1364, 1371 

insulation dependent on the density of air, 1365, 
1375 

insulation dependent on the induction, 1368 
insttlatioB depaident on the form of the conduc- 
tons, 1302, 1374 


insulation, as affected by temperature of air, 1367, 
1380 

insulation in different gases, 1381, 1388 
insulation in different gases differs, 1395 
insulation in liquids and solids, 1403 
insulation in metals, 1328, 1331, 1332 
insulation and conduction not essentially dif- 
ferent, 1320, 1326, 1336, 1338, 1561 
insulation, its relation to induction, 1324, 1362, 
1368, 1678 

insulation and conduction, connected, p. 827 
insulators, liquid, good, 1172 
insulators, solid, good, 1254 
insulators, the best conduct, 1233, 1241, 1245, 
1247, 1254 

insulators ^ted as to conduction, 1255 / 
insulators and conductors, relation of, 1828, 1334, 
1338 [ 

intensity, its influence in conduction, 41 i 
intensity, inductive, how represented, 1370 
intensity, relative, of magneto-elcctric currents, 
183,193,211,213 \ 

intensity of disruptive discharge constant^ 1410 
intensity, electrolytic, 912, 966, 983, 1354 
intensity necessary for electrolyzation, 911, 966 
intensity of the current of single circles, 904 
intensity of the current of single circles increased, 
906 

intensity of electricity in the voltaic battery, 990, 
993 

intensity of voltaic current increased, 906, 990 
intensity and quantity, p. 829 
interference with combining power of platina, 638, 
655 

interference with combining power of platina by 
olefiant gas, 640 

interference with combining power of platina, 
carbonic oxide, 645 

interference with combining power of platina, sul- 
phurct of carbon, 650 

interference with combining power of platina, 
ether, 651 

interpositions, their retarding effecta, 1018 

investing fluid, its influence, 1918 

iodides in solution, their electrolysis. 769 

iodides in fusion, their electrolysis, 802, 813 

iodide of lead, electrolyzed, 802, 818 

iodide of potassium, test of chemical action, 316 

ions, what, 665, 824, 838, 834, 849 

ions not transferable alone, 542, 547, 826 

ions, table of, 847 

iron, both magnetic and magneto-electric at once, 
138,254 

iron, copper and sulphur circles, 943 
iron, hot, is magnetic, 2344 
iron, copper, bismuth, have like polarity, 3164, 
3168,3356 

iron, influence of heat on its magnetism, p. 814 
iron in acids with heat, 1946, 1950, 1952, 1963 
iron in nitric acid, 2039 

iron in sulphuret of potassium^ 1824, 1909, 1943, 
1947,2049 
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iron, oxides of, in sulphuret of potassa, 2047 
ivory issue for steam and water inactive, 2102, 
2104,2144 

ivory, its peculiarity in frictional electricity, 2143 

Jenkin, his shock by one pair of plates, 1049 

Kemp, his amalgam of zinc, 999 
Knight^ Dr. Gowin, his magnet, 44 

lac, charge removed from, 1203 
lac, induction through, 1255 
lac, specific inductive capacity of, 1256, 1269 
lac, effects of its conducting power, 1234 
lac, its relation to conduction and insulation, 1324 
Lake Athabasca variations, 2913, 2968, tables 
lateral direction of inductive forces of currents, 
26, 1108 

lateral forces of the current, 1653, 1709 
law of conduction, new, 380, 394, 410 
law of the electric rotation of light, 1299 
law of inverse square of the distance, p. 822 
law of magnecrystallic action, 2479, 2464 
law of the magnetic rotation of light, 2155, 2160, 
2175,2200 

law of magneto>electrlc induction, 114 
law of volta-electric induction, 26 
lead, chloride of, electrolyzed, 794, 815 
lead, fluoride of, conducts well when heated, 1340 
lead, iodide of, electrolyzed, 802, 818 
lead, oxide of, electrolyzed, 797 
lead, its voltaic effects in sulphuret of potassium, 
1885, 1887 

load in diluted nitric acid, 1987, 2035 
lead, peroxide of, a good conductor, 1822 
lead, peroxide of, not excited by contact, 1869 
lead, peroxide of, its chemical exciting power and 
place, 2043 

Leyden jar, condition of its charge, 1682 
Ijeyden jar, its charge, nature of, 1300 
Leyden jar, its discharge, 1300 
licydcn jar, its residual charge, 1249 
light, polarized, passed across electrolytes, 951 
light, electric, 1405, 1445, 1560, note 
light, electric, spark, 1406, 1553 
light, electric, brush, 1425, 1444, 1445 
light, electric, glow, 1526 

light, electricity and magnetism, coses of non- 
action, 2216 

light, magnetization of, 2146, 2221 

light affected by electricity, 2189, 2221 

light affected by magnets, 2146, 2152, 2157 

light, magneto-rotation of, 2428 

light, magneto-rotation of gases, p. 866 

lightning, 1420, 1464, 1641 

lime, oxalate of, electricity of, p. 813 

lines of electric force, 2149 

lines of force, physical, 3303, p. 816 

lines of force, physical, of light, p. 817 

lines of force, physical, of eUjctricity, p. 818 

lines of force, physical, of magnetism, 3303 

lines of magnetic force, 2149, 3070, 3122, 3174 


lines of magnetic force, defined, 3071 
lines of magnetic force, their definite character, 
3073, 3103, 3109, 3121, 3129, 3165, 3199, 3232 
lines of magnetic force, distribution within a mag- 
net, 3084, 3116, 3120 

lines of magnetic force, distribution through space, 
3084,3099,3129 

lines of magnetic force, their physical character, 
3075 

Uncs of magnetic force, polarity of, 3072, 3154, 
3157 

lines of magnetic force, true representatives of 
nature, 3074, 3122, 3174 
lines of magnetic force, the unit, 3122 
lines of magnetic force are closed currents, 3117, 
3230 

lines of magnetic force delineated, 3234 
lines of magnetic force recognized, 3076 
lines of magnetic force recognized by induction of 
currents, 3077, 3083, 3123, 3159, 3177 
lines of magnetic force recognized by induction of 
currents, advantages, 3078, 3115, 3116, 3156, 
3176 

lines of magnetic force, recognized by induction of 
currents, thick wire galvanometer, 3123, 3178 
lines of magnetic force, magnet and wire revolving 
together, 3084, 3091, 3095 
lines of magnetic force, magnet and wire revolving 
separately, 3094, 3095, 3097, 3106 
lincsof magnetic force, magnet and wire revolving, 
effect of time, 3104, 3114, 3135 
lines of magnetic force, magnet and wire revolving, 
effect of distance, 3107, 3109, 3111 
lines of magnetic force, magnet and wire revolving, 
effect of velocity, 3108, 3114, 3135 
lines of magnetic force and wires of different thick- 
nesses, 3133, 3141, 3191, 3203 
lines of magnetic force and wires in different 
planes, 3140 

lines of magnetic force and wires of different sub- 
stances, 3143, 3152 

lines of magnetic force, effect of masses, 3137, 3150 
lines of magnetic force through hot and cold nick- 
el, 3240 

lines of magnetic force round an electric current, 
3239 

lines of magnetic force of associated magnets, co- 
alesce, 3226 

lines of magnetic force of associated magnets, co- 
alesce, no increase of force, 3227 
lines of magnetic force, their course through one 
or more magnets, 32^ 

lines of magnetic force, of opposed magnets, 
3233 

lines of magnetic force, their physical character, 
dependent relation of the polarities, 3323 
lines of terrestrial magnetic force, 2849 
lines of terrestrial magnetic force, their dispositaon 
in the atmosphere, 2865, 2919 
lines of terrestrial magnetic force, their quantity 
and intensity, 2870 
lines of inductive force, 1231, 1304 
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H&es of inductive force, ctften curved, 1219, 1224, 
1230 

lines of inductive force, as Ishown the brush, 
1449 

lines of inductive force, their lateral relation, 1231, 
1297, 1304 

lines of inductive force, their relation to magnet- 
ism, 1411, 1658, 1709 

liquefaction, conduction consequent upon, 380, 
394,410 

liquid bodies which are non-conductors, 405 
liquid conductors, good, 1812, 1822 
liquid conductors, contact force of anomalous, 
1862, 1888 

liquid conductiors, contact force of, assumptions 
respecting, 1810, 1836, 1844, 1860, 1866, 1870, 
1888, 1982, 1992, 2006, 2014, 2060 
local chemical affinity, 947, 959, 961, 1739 
tiOgeman magnet, p. 820 

^machine, electric, evolution of electricity by, 1748 
machine, magneto-electric, 135, 154, 158, 1118 
magnecrystallic action, 24M, 2479, 2550 
magneorystallic action, not attraction or repul- 
sion, 2551 

inagnecr 3 rstallic conduction, 2836 
magnecrystallic force, 2469, 2550, 2585, 2836 
magnecrystallic force, its law, 2479 
magnecrystallic force, its nature, 2562, 2576, 2624, 
2836 

magnecrystallic force, not measurable by vibra- 
tion, 2529 

magnecrystallic force, compared to radiant force, 
2591 

magnecrystallic polarity, 2454, 2550, 2624, 2639 
magnelectric induction, 68 
magnelectric, collectors or conductors, 86 
magnesia, sulphate, decomposed against water, 
494,533 

magnet, a measure of conducting power, 216 
magnet and current, their relation remembered, 
2®, note 

magnet and plate revolved together, 218 
magnet and cylinder revolved together, 219 
magnet revolved alone, 220, 223 
magnet and moving conductors, their general re- 
lation, 256 

magnet made by induced current, 13, 14 
magnet, efectricity from, 36, 220, 223 
magnet, its independent condition, 3331, 3336, 

3357.3361 

magnet, its external disposition of power, 3305, 

3832.3386.3361 

magnet, its internal constitution, 3117 
magnet, g^obiilar, Its condition, 3331, 3357 
magnet, tubular, its ehm^acter, 3346 
magnet, lines force within it, 3100, 3116, 3120 
iaagnet, lines of force around it, 8099, 3101, 8117 
magnet, its exaihinaikm by induced cunents, 
X^^,3215 

magnet, its examinatioxi by induced currents, 


magnet xnade by a gytmmtusi 1762 
magnet, its position in relation to the electric cur- 
rent, p. 797 

magnet and electric current, mutual influence of, 

p. 812 

magnet, influence of heat on, pp. 814, 815 
magnet not affected by cold, p. 812 
magnet and magnetic helices, p. 801 
magnet and magnetic helices, compared, pp. 802, 
805 

magnet and magnetic helices, their difference, p. 
804 

magnets, variable and invariable, 3224 
magnets, definite amount of their power, 3121, 
8216 

magnets, definite amount of their power when 
associated with other magnets, 3218 [ 
magnets, their action on light, 2146, 2152, 2157, 
2170,2609 \ 

magnets, their action on heavy glass, 2253, 2273 
magnets, their action on heavy glass repel it, 2259, 
2265,2266 \ 

magnets, their action on metals, &c., 22^, 2295, 
2309, 2333 

magnete, their action on air and gases, 2400, 2432 
magnets, their action on antimony, 2391, 2306, 
2508 

magnets their action on arsenic, 2383, 2532 
magnets, their action on bismuth, 2392, 2306, 
2457 

magnets, their action on a bismuth sphere, 2298, 
3354 

magnets, their action on cerium, 2373 
magnets, their action on chromium, 2374 
magnets, their action on cobalt, 2351, 2358 
magnets, their action on copper, 2537 
magnets, their action on earths, 2395 
magnets, their action on gold, 2540 
magnets, their action on iridium, 2386, 2542 
magnets, their action on hot iron, 2344 
magnets, their action on compounds of iron, 2349 
magnets, their action on sulphate of iron, 2546, 
2554, 2615 

magnets, their action on lead, 2378, 2539 
magnets, their action on magnetic salts, 2352 
magnets, their action on magnetic solutions, 2357, 
2361 

magnets, their action on manganese, 2372 . 
magnets, their action on nickel, 2346, 2350, 2358 
magnets, their action on nitrogen, 2770, 2783, 
2854,2858 

magnets, their action on osmium, 2385 
magnets, their action on oxygen, 2770, 2780, 2798, 
2861, 2966, p. 860 

magnets, their action on palladium, 2382 
magnets, their action on platinum, 2379 
magnets, their action on rhodium, 2387, 2542 
magnets, their action on silver, 2390 
magnets, their action on sodium, 2393 ^ 
magnets, their action on tellurium, 2541 
magnets, their action on tin, 2538 
ma^ts, their action on titanium, 2871,2536 * 
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nmenets, t^ieiraetioaoiitangsteii»23B9 
magDdtft, tbeir action on aine, 2535 
xnaipsctfily their action on compounds of magnetic 
metals, 2349, 2379 

inli.gnetB, tlieir action on cold metals, 2348 
magnetic action, new, 2243, 2343, 2417 
malgnetic action at different distances, p. 822 
magnetic action, differential, 2365, 2405, 2438, 
2757 

magnetic action, terrestrial, 2447 
magnetic action by contiguous particles, 2443 
magnetic action on copper, &c., 2309, 2^ 
magnetic action, places of none, 3341 
magnetic action, places of feeble force, 3344, 3347, 
3350 

magnetic action, places of feeble force, bismuth 
there, 3350 

magnetic assumptions, 3317, 3301, 331 1, 3326 
magnetic attractions and repulsions, p. ^1 
magnetic relations of the metals, pp. 813, 815 
magnetic bodies, but few, 255 
magnetic curves, their inductive relation, 217, 232 
magnetic effects of voltaic electricity, 277 
magnetic effects of common electricity, 288, 367 
magnetic effects of magneto-electricity, 27, 83, 
345 

magnetic effects of thermo-electricity, 349 
magnetic effects of animal electricity, 354 
magnetic and electric forces, their relation, 118, 
1411,1653, 1658, 1709, 1731 
magnetic chamber of no force, 3341 
magnetic condition of gases, pp. 858, 861 
magnetic condition of all matter, 2226, 2243, 
2286 

magnetic conduction, 2797, 2843 
magnetic conduction, polarity, 2818. 2835, 3166, 
3307 

magnetic conductors, their action in the magnetic 
held, 2810, 2828, 2839, 3313 
magnetic curves delineated, 3234 
magnetic dualities, 3323, 3341 
magnetic dualities, related in curved lines, 3336 
magnetic dualities, not related through the mag- 
net, 3332 

magnetic field, condition of metals in, 3172 
magnetic field, disturbed by conduction, 2806, 
2831 

magnetic field of equal force, 2463, 2465 
msignetic force, observations on, p. 819 
magnetic force, its disposition, 3305 
tnaipietic force, its relation to light, 2221 
magnetic force, its physical nature, 3301, 8303 
magnetic force, turned in various directions, 3328 
magnetic force, no loss by distance, 3111 
magnetic force, lines of , 3300 
magnetic force, reasons for considering it anew, 

^ ... 
magnetic foioes active through intermediate 

p^des, 1668, 1710, 1729, 1735 
magnetic forces erf the current, 1668 
miignetic forces of the current, veiy constant, 

1664 


magnetic d^ection by common decttfdty, 289^ 
296 

magnetic phenomena of Arago explalaed^ 81 
magnetic induction. See 'induction, magnetic*” 
magnetic induction through qtdescent boc^s, 
1712, 1719, 1720, 1735 

magnetic induction through moving bodies, 1715, 
1719 

magnetic and magneto-electric action cUstin- 
guished, 138,215,243,253 . 
magnetic forces, dual, 3323 
magnetic forces, are always equal, 3324 ; . 

magnetic forces, essentially connected, 3327, 3331, 
3341 

magnetic forces, never destroyed, 3325, 3330 
magnetic forces, their conservation, 3325 
magnetic forces, definite in amount, 3328 
magnetic forces, never appear separated, 3329, 
3341 

magnetic forces, not compensated through the 
magnet, 3332, 3335 

magnetic forces, are in curved lines, 3336 
magnetic forces examined by induced currents, 
3177 

magnetic forces examined by induced currents, 
galvanometer employed, 3178 
magnetic forces examined by induced currents, 
galvanometer employed, value of its indica- 
tions, 3184, 3133 

magnetic forces examined by induced currents, 
metallic loops employed, 3184 
magnetic forces examined by induced currents, 
those of the earth, 3192 

magnetic forces examined by induced currents, 
those of the earth by moving rings, 3212 
magnetic forces examined by induced currents, 
those of the earth by moving rectangles, Ac., 
3192 

magnetic forces examined by induced currents, 
those of the earth by moving rectan^s, Ac., 
of different sizes, 3195, 3211 
magnetic forces examined by induced currents, 
those of the earth by moving rectangles, Ac., of 
different substances, 3231 
magnetic forces examined by induced currents, 
those of the earth by moving rectangles, Ac*, of 
different thicknesses, 3201, 3203, 3208, 3231 
magnetic forces examined by induced currents, 
those of the earth by moving rectangles, Ac*, at 
(Merent velocities, 31 96, 3200, 3202 
magnetic forces examined by induced currents, 
those of the earth by moving rectangles of dif- 
ferent forms, 3198 

magnetic forces examined by induosd correpts, 
those the earth, by moving rectangles of sevr 
eral convolutions, 3206 
magnetic hypotheses, 3301, 3303 
magnetic lines of force, 2149* See 'Hiies of msg- 
netic force.” 

magnetic lines of foroe, their relation to 
2146,2223 : r 

magnetic lines of force of the earth, 2449, 2849. i 
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magnetic lines of force in the atmosphere, 2847 
magnetic media, their actions, 3313, 3337, p. 820 
magnetic media, point as if polar, 3313 
magnetic media, point either equatorially or ax- 
ially, 3315 

magnetic media at rest and in motion, 3160, 3337, 
3351 

magnetic needle not a perfect measure of earth’s 
force, 2871 

magnetic order of bodies, 2424 
magnetic philosophy, points of, 3300 
magnetic pointing east and west, 2258, 2269, 2282 
magnetic polarity, 3304, 3307, 3360 
magnetic polarity, various meanings and inter- 
pretations, 3307 
magnetic polarity defined, 3154 
magnetic polarity, its nature, 2832, 3154 
magnetic polarity not always shown by attrac- 
tions and repulsions, 3155 
magnetic polarity is shown by the induced cur- 
rents, 3156, 3158, 3164 

magnetic polarity in a field of equal force, 3157 
magnetic polarity in a field of equal force not 
shown by a magnetic needle, 3157 
magnetic polarity shown by revolving discs, 3159 
magnetic polarity shown by revolving spheres, 
3360 

magnetic polarity alike in iron, copper, bismuth 
dec., 3164, 3356 

magnetic polarity, true reverse cases, 3321, 3357 
magnetic polarity of copper, 3352 
magnetic polarity of iron, 3353 
magnetic polarity of bismuth, 3354, 3309 
magnetic polarity of bismuth, not reverse of a 
magnet, 3358 

magnetic polarity of hard steel, 3355 
magnetic polarity of hard magnet, 3357 
magnetic polarity of differing solutions, 3316 
magnetic poles, pp. 799, 804 
magnetic poles, their revolution round wires, 
pp. 798, 809 

magnetic poles, differences between them and he- 
lix poles, p. ^ 

magnetic poles, their relations to an electric cur- 
rent, p. 797 

magnetic poles, association of like, 3347 
magnetic poles pierced, p. 864 
magnetic pole chambers, 3341 
magnetic repulsion without polarity, 2274 
magnetic revulsion, 2315, 2336, 2514, 2516, 2684 
magnetic rotation of light, its law, 2155, 2160, 
2175,2200 

magnetic rotation of light, its peculiarities, 2231 
magnetic rotation of light related to time, 2170 
magnetic rotation of light increases witii the dia- 
magnetic, 2163 

magnetic rotation of light increases with the in- 
tensity of the magnetic force, 2164 
magnetic rotation of light occurs with various 
bodies, 2165, 2173 

magnetic rotation of light not affected by motion, 

2m 


magnetic rotation of light not affected by inteN 
vention of extra-diamagnetic bodies, 2167 
magnetic rotation of light is affected by the inter- 
vention of iron, 2168 

magnetic rotation of light in bodies generally, 
2173,2189,2215,2609 

magnetic rotation of light crystalline bodies, 
2177,2237 

magnetic rotation of light fluid bodies, 2183, 2194 
magnetic rotation of light not in gases, 2186, 2212, 
2237 

magnetic rotation of light in rotating bodies, 2187, 
2235 

magnetic rotation of light in heavy glass, 2152, 
2171 

magnetic scale, centi^ade, p. 821 , 

magnet'lc'scale of bodies, p. 821 
magnetic solutions, relative actions of ,^357, 2361 , 
3313 \ 

magnetic state requires time for its affiumption, 
3319 \ 

magnetic storms, 2958 \ 

magnetic variations of the earth, 2847 \ 
magnetism, tested for, 2290 
magnetism does not change volume of bodies, 
2752 

magnetism does not expand gases, 2718, 2750, 
2756 

magnetism, its zero, p. 865 
magnetism, electricity and light, cases ‘of non- 
action, 2216 

magnetism, atmospheric, 2796, 2847, 2997 
magnetism, on the theory of, p. 795 
magnetism of the earth directs an electric cur- 
rent, p. 805 

magnetism, electricity evolved by, 27 
magnetism, its relation to the lines of inductive 
force, 1411, 1658, 1709 
magnetism, l)odies classed in relation to, 255 
magnetization of light, 2146, 2221 
magneto-electric currents, their intensity, 183, 
193,211,213 

magneto-electric currents, their direction, 114, 
116 

magneto-electric traverse fluids, 33 
magneto-electric momentary, 30 
magneto-electric permanent, 89 
magneto-electric currents in all conductors, 193, 
213 

magneto-electric currents, induced, 2327, 3087 
magneto-electric induction, nature of its action, 
2696 

magneto-electric induction, 27, 58 
magneto-electric induction, terrestrial, 140, 181 
magneto-electric induction, law of, 114 
magneto-electric induction. See ^^Arago’s mag- 
netic phenomena” 

magneto-electric machines, 135, 154, 158 
magneto-electric machines, inductive effects in 
their wires, 1118 

magneto-electricity, its general characters oon- 
^dexed, 343, 
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magneto-electricity identical with other electrid'^ 
ties, 360 

magneto-electricity, its tension, 343 
magneto-electridty, evolution of heat, 344 
magneto-electricity, magnetic force, 346 
magneto-electricity, chemical force, 346 
magneto-electricity, spark, 348 
magneto-electricity, physiological effects, 347 
magneto-electricity. See '^induction, magnetic** 
man is diamagnetic, 2281 
manganese, its magnetic condition, 2372 
manganese not magnetic, p. 816 
manganese, peroxide of, a good conductor, 1822 
manganese, peroxide of, its exciting power and 
place, 2042 

Marianini on source of power in the pile, 1800, 1804 
matter, all is magnetic 2243, 2286 
matter, a new magnetic condition of, 2227, 2242, 
2274,2286,2417 

matter, its relation to magnetism, 2226, 2286, 2443 
matter, its relation to magnetism and light, 2224 
matter, atoms of, 869, 1703 
matter, new condition of, 60, 231, 242, 1114, 1661, 
1729 

matter, quantity of electricity in, 862, 861, 873, 
1662 

matter, absolute charge of, 1169 
matter, speculation on its nature, p. 850 
matter, mutual penetrability of its parts, pp. 852, 
864 

matter, its continuity, p. 854 
matter, its atoms, pp. 861, 863 
measures of electricity, galvanometer, 367, note 
measures of electricity, voltameter, 704, 736, 739 
measures of electricity, metal precipitated, 740, 842 
measure of specific inductive capacity, 1307, 1690 
measurement of common and voltaic electricities, 
361,860,1652 

measurement of electricity, degree, 736, 738 
measurement of electricity by voltameter, 704, 
736,739 

measurement of electricity by galvanometer, 367, 


note 

measurement of electricity by metal precipitated, 


740,842 . 

mechanical forces affect chemical affinity, 656 
media, their relative magnetic action, 2405, 2414, 
3313 

media, their magnetic relation, 3313, p. 820 
media, magnetic, considered, 3313, 3337 
mercurial terminations for convection, 1681 
mercury, its molecular attraction affected by the 
electric current, p. 811 

mercury, periodide of, an exception to the law of 
conduction, 69, 1341 
mercury, perchloride of, 692, 1341 
metallic contact, active circles without, 2017 
metallic contact not necessary for electrolyzation. 


metallic contact not essential to the voltaic cur- 
rent. 879^887, 915 

me^c^itoct, its use in the pile, 898, 896 


metallic poles, 557 

metallic spheres in the magneric field, 3352 
metal and electrolyte, their state, 946 
metals, adhesion of fluids to, 1038 
metals, their power of inducing combinations, 
564,608 

metals, their power of inducing combinations in- 
terfered with, 638 

metals, static induction in, 1329, 1332 
metals, different, currents induced in, 193, 211 
metals, generally secondary results of electrolysis, 
746 * 

metals transfer chemical force, 918 
metals, transference of, 539, 546 
metals insulate in a certain degree, 1328 
metals, convective currents in, 1603 
metals, but few magnetic, 255 
metals, their atoms and conducting powers, p.852 
metals rubbed by water and steam, 2097, 2099, 
2106 

metals, contact of, 1809, 1864, 1891, 2065 
metals, contact of, inactive in the pile, 1829, 1833, 
1836, 1844, 1846, 1854, 1858 
metals, their order, differences in, 1877, 2010 
metals, their order in different fluids, 2012 
metals, their order inverted by heat, 1966, 1967 
metals, their order inverted in different electro- 
lytes, 1877,2010 

metals, their order inverted by dilution, 1969, 
1993, 1999 

metals, their thermo-electric order, 2061 
metals in potassa, 1932, 1945, 1948 
metals in sulphuret of potasaum, 1880, 1908, 
1943,2036 

metals in sulphuret of potassium show excitement 
is not due to contact, 1833, 1887, 1895, 1901, 
1902, 1903, 1904, 1907, 1912 
metals in sulphuret of potassium, antimony, 1902 
metals in sulphuret of potassium, bismuth, 1894, 
1906 

metals in sulphuret of potassium, cadmium, 1904 
metals in sulphuret of potassium, copper, 1897, 
1909, 1911, 1944 

metals in sulphuret of potassium, iron, 1824, 1909, 
1943, 1947,2049 

metals in sulphuret of potassium, lead, 1888, 1909 
metals in sulphuret of potassium, nickel, 1836^ 
1909 

metals in sulphuret of potassium, silver, 190% 
1909, 1911 

metals in sulphuret of potassium, tin, 1882 
metals in sulphuret of potassium, zinc, 1906 
metals and fluid, thermo currents of, 1931 
metals and potassa, thermo currents of, 1932, 1933 
metals and acids, thermo currents of, 1934, 1939 
metals and acids, with heat, 1946, 1949, 1963, 1956 
metals and alkalies with heat, 1945, 1948, 1956» 

1962. 1966 

metals, sulphuret of potassa with heat, 1943, 1963, 

1956.1961.1966 

Biatalsin vdtatodrdeS) peculiar heat 0% 

1922, 1926, 1968, 1966, 1967 
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xnetalB acted on by magpoets, 2287 
metak, tdieir condition in tbe magnetic field, 3352 
metals, their magnetic order, 2399 
metals, different under induction, 3145, 3152, 
3164 

metals, magneto-electric currents induced in, 
2294,2309,2327,2340 

metals, magneto-electric currents induced in, 
their feebk intensity, 3123 
meteds, diamagnetic, 2291, 2295, 2425 
metals, diamagnetic, heat^, 2397 
metals, magnetic, 2288, 2292, 2425 
metals, magnetic, cooled, 2398 
mining by electricity — the fuse, p. 830 
model of relation of magnetism and electricity, 116 
molecular inductive action, 1164, 1669 
motion, its influence in voltaic excitement, 1919 
motions, newelectro-magnetical, pp. 795, 799, 809 
motion essentail to magneto-electrio induction, 
39,217,256 

motion across magnetic curves, 217 
motion of conductor and magnet, relative, 114 
motion of conductor and magnet, relative, not 
necessary, 218 

moving conductors, 3076, 3159, 3351, 3360 
moving magnet is electric, 220 
moving magnetic media, 3159, 3337, 3351 
moving wire, its value as an examiner, 3176 
moving wire, its magnetic indications, p. 818 
moving wire, results, 3338 
muriatic acid gas, its high insulating power, 1395 
muriatic acid gas, brush in, 1462 
muriatic acid gas, dark discharge in, 1554 
muriatic acid gas, glow in, 1534 
muriatic acid gas, positive and negative brush in, 
1476 

muriatic acid gas, spark in, 1422, 1463 
muriatic acid gas, spark in, has no dark interval, 
1463,1555 

muriatic acid decomposed by common electricity, 
314 

muriatic acid, its electrolysis (primaiy), 758, 786 
muriatic acid, order of metals in, 2012, 2016 
mutual magnetic action of bodies, 2814 

nascent state, its relation to combination, 658, 717 
natural standard of direction for current, 663 
natural relation of electrolytic intensity, 987H 
nature of the electric current, 1617„. 
nature of the electric force or forces, 1667 
nature of matter, p, 850 
needles, magnetic, not affected by cold, p. 812 
negative current, none, 1627, 1682 
negative discharge, 1465, 1484 
negative discharge^ as spark, 1467» 1482 
negative dischargs, as bru^, 1466, 1502 
negative spark or brush, 1484, 1602 
negative electricity of bodies rubbed by water, 
-2107,213,1 

negative and positive discharge, 1465, 1482, 1525 
negative and poEdtive discharge in diffmnt gases, 
1393 


nmrous and electric power of a gymnotus, 1789 
nervous and electric power of a gymnotus con- 
vertible, 1790i 1792 

new electrical ccmdition of matter, 60, 231, 242, 
1114,1661,1729 

new law of conduction, 380, 394, 410 . 
new electro-magnetical motions, pp. 795, 799, 809 
Newton’s conclusion as to gravitating toce, 
3305, note 

new magnetic actions, 2248, 2343, 2417 
new magnetic condition of matter, 2227, 2242, 
2274, 2286 

nickel, its magnetism at different temperatures, 
2346,3240 

nickel, its influence of heat on its magnetism, p,814 
nickel in sulphuret of potassium, 183^, 1909 
nitric defd in inactive circles, 1849 | 

nitric acid, order of metals in, 2012 1 
nitric acid, its character as an electrolyte, 2004 
nitric acid and nitrous acid as cond^tors, 1817 
nitric acid and peroxides, 2042, 2043 \ 
nitric acid formed by spark in air, 324 \ 
nitric acid favours excitation of current^ 906, 1138 
nitric acid favours transmission of currcht, 1020 
nitric acid is best for excitation of battery, 1137 
nitric acid, nature of its electrolysis, 752 
nitrogen, its magnetic character, 2770, 2783, 2854, 
2858 

nitrogen determined to either pole, 554, 748, 752 
nitrogen a secondary result of electrolysis, 746, 
748 

nitrogen, brush in, 1458 ! 

nitrogen, dark discharge in, 1559 
nitrogen, glow in, 1534 
nitrogen, spark in, 1422, 1463 
nitrogen, positive and negative brush in, 1476 
nitrogen, positive and negative discharge in, 1512 
nitrogen, its influence on lightning, 1464 
nitrous acid a bad conductor, 1815 
nitrous acid, with water, an excellent conductor, 
1816 

nitrous acid in inactive cirdes, 1843, 1862 
nomenclature, 662, 1483 

non-conduction by solid electrolytes, 381, 1358, 
1705 

non-expansion of gases in the magnetic field, 2718, 
2760,2766 

non-expansion of fluids in the magnetic field, 2172 
note on electrical excitation, 1737 
nuclei, their action, 623, 657 

observations on the magnetic force, p. 819 
oil, its effect on the electricity of steam, 2111, 
2123,2137 

olefiant gas, interference of, 640, 652 
order, electric of rubbed bodies, 2141 
order of metals, tkermo-eleotric, 2061 
^er of metals in different fluids, 2012, 2016 
order of metals, inversions of, in different fluids, 
1877,2010, 

order of metals, inveiaiona of^ by dilution, 1969, 
1993,1999 
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order of metals» inversions of, by heat, 1963, 1964 
ordinary electrieity, its tension, 285 
ordinary electricity, its evolution of beat, 287 
ordinary electricity, its magnetic force, 288, 362 
ordinary electricity, its chemical force, 309, 454 
ordinary electricity, its chemical force, precau- 
tions, 322 

ordinary electricity, its spark, 333 
ordinary electricity, its physiological effect, 332 
ordinary electricity, identity with other electrici- 
ties, 360 

origin of the force of the voltaic pile, 878, 916, 919 
origin of the voltaic force, 1796 
origin of the voltaic force. See ^Voltaic pile, source 
of its power^' 

oxalate of lime, electricity of, p. 813 
oxide of lead electrolyzed, 797 
oxides, conducting, not excited by contact, 1840, 
1847 

oxides, conducting, in sulphuret of potassa, ex- 
citing power of, 2045, 2046 
oxygen, its magnetic character, 2770, 2780, 2793, 
2861, 2966, p. 860 
oxygen, bubble, magnetic, 2766 
oxygen, brush in, 1457 
oxygen, positive and negative brush in, 1476 
oxygen, positive and negative discharge in, 1513 
oxygen, solubility of, in cases of electrolyzation, 
717,728 

oxygen, spark in, 1422 

oxygen, and hydrogen combined by platina plates, 
570,605,630 

oxygen and hydrogen combined by spongy plat- 
ina, 609, 636 

oxygen and hydrogen combined by other metals, 
608 

paramagnetic bodies defined, 2790 
particles, their nascent state, 658 
particles in air, how charged, 1564 
particles, neighbouring, their relation to each 
other, 619, 624, 657 

particles, contiguous, active in induction, 1165, 
1677 

particles of a dielectric, their inductive condition, 
1369, 1410, 1669 

particles, polarity of, when under induction, 1298, 
1676 

particles, how polarized, 1669, 1679 
particles, how polarized, in any direction, 1689 
particles, how polarized, as whole or elements, 
1699 

particles, how polarized, in electrolytes, 1702 

particles, crystalline, 1689 

partides, contiguous, active in electrolysis, 1349, 

1702 

particles, their action in electrolyzation, 520, 1343, 

1703 

particles, their local chemical action, 961 , 1 739 
particles, their relation to electric action, 7 S 
pattides, their electric action, 1669, 1679, 1740 
the electric spark, 1407 


penetrability of matter, pp. 852, 854 
peroxide of manganese a good conductor, 1822 
peroxide of manganese, its chemical exdting pow- 
er and place, 2041 

peroxide of lead a good conductor, 1822 
peroxide of lead, its chemical and exciting power 
and place, 2043 

perpetual motion, if bismuth reversely polarized, 
3320 

phenomena, electric, of the gynmotus, 1760, 1768 
phosphoric acid not an electrolyte, 682 
phosphorus, diamagnetic, 2277, 2284 
physical lines of force, p. 817 
physical lines of magnetic force, 3300. See 'lines 
of magnetic force” 

physiological effects of voltaic electricity, 279 
physiological effects of common electricity, 332 
physiological effects of magneto-electricity, 66, 
347 

physiological effects of thermo-electricity, 349 
physiological effects of animal electricity, 357 
pile, voltaic, electricity of, 875 
pile, voltaic, 1796. See “voltaic pile, source of its 
power” 

pile. See “battery, voltaic” 
place of metal terminations, the effect, 1928 
places of force, 3306 
places of no magnetic action, 3341 
plates of platina effect combination, 568, 571, 590, 
630 

plates of platina prepared by electricity, 570, 585, 
588 

plates of platina prepared by friction, 591 
plates of platina prepared by heat, 595 
plates of platina prepared by chemical cleansing, 
599, 605 

plates of platina, clean, their general properties, 
633, 717 

plates of platina, their power preserved, 576 
plates of platina, their power preserved in water, 

580 

plates of platina, their power diminished by action, 

581 

plates of platina, their power diminished by ex- 
posure to air, 636 

plates of platina, their power affected by washing 
in water, 582 

plates of platina, their power affected by heat, 
584, 597 

plates of platina their power affected by presence 
of certain gases, 638, 655 

plates of platina, their power, cause of, 590, 616, 
630 

plates of platina, tl^ory of their action, Dobe- 
reiner’s, 610 

plates of platina, theory of their action, Dulong 
and Thenard’s, 611 

plates of platina, theory of their action, Fueinieri’s, 
613 

plates of platina, theeny of their action, author’s, 
619,626,630,656 
plates of voltaic battery foul, 1 145 
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892 

plates of voltaic batteiy, new and old, 1146 
plates of voltaic battery, immersion of, 1003, 1160 
plates of voltaic battery, vicinity of, 1148 
plates of voltaic battery, number of, 989, 1151 
plates of voltaic battery, large or small, 1 154 
platina, clean, its characters, 633, 717 
platina attracts matter from the air, 634 
platina, spongy, its state, 637 
platina, clean, its power of effecting combination, 
564,590,605,617,630 

platina, clean, its power of effecting combination 
interfered with, 638 

platina, clean, its action retarded by olefiant gas, 
640,652 

platina, clean, its action retarded by carbonic ox- 
ide, 645, 652 

platina, clean, its power of effecting combination. 
See “combination,** “plates of platina,** and 
“interference’* 

platina, clean, its action retarded by poles, recom- 
bination effected by, 567, 588 
platinum wire red-hot in water and steam-jet, 
2100 

plumbago, its relations to metals, &c., in muriatic 
acid, 2016 

plumbago poles for chlorides, 794 
pointing, magnetic, east and west, 2258, 2269 
points of magnetic philosophy, on, 3300 
points, favour convective discharge, 1573 
points, 6uid for convection, 1581 
Poisson’s theory of electric induction, 1305 
polar forces, their character, 1665 
polar decomposition by common electricity, 312, 
321,469 

polarity, meaning intended, 1304, 1685 
polarity of particles under induction, 1298, 1676 
polarity, electric, 1670, 1685 
polarity, electric, its direction, 1688, 1703 
polarity, electric, its variation, 1687 
polarity, electric, its degree, 1686 
polarity, electric, in crystals, 1689 
polarity, electric, in molecules or atoms, 1699 
polarity, electric, in electrolytes, 1702 
polarity, magnetic, 3154, 3307. See “magnetic 
polarity” 

polarity, of bismuth, 3309 
polarity, diamagnetic, 2429 
polarity, diamagnetic, its nature, 2497, 2640, 2820 
polarity, magnecrystallic, 2454, 2550 
polarity, magnecrystallic, its nature, 2639 
polarity of magnetic conduction, 2818, 2835, 3166 
polarizi^ light across electrolytes, 951 
poles, electric, their nature, 461, 498, 556, 662 
poles, electric, appearance of evolved bodies at, 
accounted for, ^5 

poles, electric, one element to either, 552, 681, 757 
poles, electric, of air, 455, 461, 559 
poles, electric, of water, 494, 558 
poles, electric, of metal, 557 
poles of platina, recombination effected by, 567, 
588 

poles of plumbago, 794 


poles, magnetic, their revolutions round wires, 
pp. 798, 809 

poles, magnetic, difference between them and he- 
lix poles, 804 

poles, magnetic, their relations to an electric cur- 
rent, p. 797 

poles, magnetic, distinguished, 44, note 
Porrett’s peculiar effects, 1646 
positive current none, 1627, 1632 
positive discharge, 1465, 1480 
positive discharge, as spark, 1467, 1482 
positive discharge, as brush, 1467, 1476 
positive spark or brush, 1484, 1502 
positive and negative, convective discharge, 1600 
positive and negative disruptive discharge, 1465, 
148^, 1485, 1525 j 

positive and negative disruptive disenarge in dif- 
ferent gases, 1393 \ 

positive and negative voltaic discharge, 1524 
positive and negative electrolytic discharge, 1525 
positive electricity of rubbing water, 2107, 2131 
potassa a fluid conductor, 1819 \ 

potassa in inactive circles, 1853 \ 

potassa, order of metals in, 2012 
potassa and metals, 1945, 1948, 1932 
potassa and metals, thermo currents of, 1932 
potassa acetate, nature of its electrolysis, 749 
potassium, its atomic state, pp. 852, 853 
potassium, its extraordinary penetrability, pp. 
853, 854 

potassium, nature of its atoms, p. 852 
potassium, sulphuret of, a good conductor, 1812, 
1880. See “sulphuret of potassium” 
potassium, iodide of, electrolyzed, 805 
powders and air, electricity from, 2138 
power, its creation assumed by contact, 2071 
power of the voltaic pile, its source, 1796 
power of the voltaic pile, its source. See “voltaic 
pile, source of its power” 
power of voltaic batteries estimated, 1126 
powers, their stats of tension in the pile, 949 
practical results with the voltaic battery, 1136 
precautions, 1838, 1848, 1916, 1971 
pressure of air retains electricity, explained, 1377, 
1398 

pressure of steam, its influence on evolved elec- 
tricity, 2086 

primary electrolytical results, 742 
principles, general, of definite electrolytic action, 
822 

proportionals in electrolytes, single, 679, 697 

quantity and intensity, p. 829 
quantity of electricity in matter, 852, 861, 873, 
1652 

quantity of electricity in voltaic battery, 990 
quill issue for steam and water inactive, 2102 

rarefaction of air facilitates discharge, why, 1375 
recombination, spontaneous, of gases from water, 
566 
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rectangles and rings, revolving, 3192, 3212 
relation, by measure, of electricities, 361 
relation of magnets and moving conductors, 256 
relation of magnetic induction to intervening bod- 
ies, 1662, 1728 

relation of a current and magnet, to remember, 
38, note 

relation of electric and magnetic forces, 118, 1411, 
1653, 1658, 1709, 1731 

relation of conductors and insulators, 1321, 1326, 
1334, 1338 

relation of conduction and induction, 1320, 1337 
relation of induction and disruptive discharge, 
1362 

relation of induction and electrolysation, 1164, 
1343 

relation of induction and excitation, 1178, 1740 
relation of induction and charge, 1171 , 1 177, 1300 
relation of insulation and induction, 1324, 1362, 
1368, 1678 

relation, lateral, of lines of inductive force, 1231, 
1297, 1304 

relation of a vacuum to electricity, 1613 
relation of spark, brush, and glow, 1533, 1539, 1542 
relation of gases to positive and negative dis- 
charge, 1510 

relation of neighbouring particles to each other, 
619, 624 

ndation of elements in decomposing electrolytes, 
923, 1702 

relation of elements in exciting electrolytes, 921 
relation of acids and bases voltaically, 927, 933 
relation of natural forces, 2146, 2221 , 2238 
remarks on the active battery, 1034, 1136 
repulsion, magnetic, without polarity, 2274 
residual charge of a I^eyden jar, 1249 
resin and air, electricity from, 2138, 2139 
resistance to electrolysis, 891 , 904, 91 1 , 1007 
resistance of an electrolyte to decomposition, 1007 
results of electrolysis, primary or secondary, 742, 
777 

results, practical, with the voltaic battery, 1136 
results, general, as to induction, 1295, 1669 
retention of electricity by pressure of the atmos- 
phere explained, 1377, 1398 
revolution of a magnet and a wire, p. 797 
revolving plate. See “Arago’s phenomena” 
revolving globe, Barlow’s, effect explained, 137, 
160, 169 

revolving glol)e, magnetic, 164 
revolving globe, direction of currents in, 161, 166 
revulsion, magnetic, 2315, 2336, 2514, 2516, 2684 
Riffault’s and Chompr4’s theory of electro- 
chemical decomposition, 485, 507, 512 
ring, electro-magnetic, De la Rive’s, p. 800 
rock crystal, induction across, 1692 
room, insulated and electrified, 1173 
rotation of a ray of light by magnetism, 2154 
rotation, electro-magnetic, discovered, pp. 797 , 809 
rotation, electro-magnetic, its direction, p. 798 
rotation, electro-magnetio, wire round the pole, 
p.797 


rotation, electro-magnetic, pole round the Wire, 
p.798 

rotation, electro-magnetic, apparatus for, pp. 797, 
807 

rotation, electro-magnetic, terrestrial, p. 810 
rotation of the earth a cause of magneto-electric 
induction, 181 

salts considered as electrolytes, 698 
scale, centigrade, of magnetic bodies, p. 821 
scale of electrolytic intensities, 912 
secondary electrolytical results, 702, 742, 748, 777 
secondary electrolytical results become measures 
of the electric current, 843 
sections of the current, 498, 1634 
sections of the current, decomposing force alike 
in all, 501, 1621 

sections of lines of inductive action, 1369 
sections of lines of inductive action, amount of 
force constant, 1369 

shellac rubbed by water and steam is negative, 
2098 

shock of the gymnotus, 1760, 1770, 1773, &c. 
shock, strong, with one voltaic pair, 1049 
silica and air, electricity from, 2138, 2140 
silver in muriatic acid, 2036 
silver in sulphuret of potassium, 1903, 1911 
silver in sulphuret of potassium shows excitement 
is not due to contact, 1903 
silver in sulphuret of potassium, its variations, 1911 
silver, chloride of, its electrolyzation, 541 , 813, 902 
silver, chloride of, electrolytic intensity for, 979 
silver, 6uli)hurot of, hot, conducts well, 433 
simple voltaic circles, 875 
simple voltaic circles, decomposition effected by, 
897,904, 931 

Singapore variations, 3058, 3069, tables, 
single and many pairs of plates, relation of, 990 
single voltaic circuits, 875 
single voltaic circuits without metallic contact, 
879 

single voltaic circuits with metallic contact, 893. 
single voltaic circuits, their force exalted, 906 
single voltaic circuits give strong shocks, 1049 
single voltaic circuits give a bright spark, 1050 
single voltaic currents without metallic contact, 
2017 

smoke, its diamagnetic condition, pp. 856, 865 
soap-bubbles of gases, magnetized, 2758, 2765 
solid conductors for contact, 1820, 1822 
solid conductors, peroxide of manganese, 1822 
solid conductors, peroxide of lead, 1822, 1869 
solid conductors, no excitement by contact, 1840, 
1841, 1867 

solid conductors, hypothetical assumptions, xe- 
specling, 1809, 1844, 1870, 1888, 1982, 2014 
solid electrolytes are non-conductors, 394, 402, 
1358 

solid electrolytes are non-conductors, why, 910, 
1705 

solids, their power of inducing combination, 564, 
618 
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Bolids, iheir power of induciiig combination in- 
terfered with, 638 

fl(^ubiiity of gases in cases of electrolyzation, 717, 
728 

sound of steam exciting electricity, 2088 
source of electricity in the voltaic pile, 875 
source of electricity in the voltaic pile is chemical 
action, 879, 916, 919, 1741 
source of power in the voltaic pile, 1796 
source of power in the voltaic pile. See 'Voltaic 
pile” 

space, is it a conductor? p. 852 
space in matter, its relation, pp. 851 , 852 
space, its magnetic relations, 2400, 2787 
spark, 1360, 1406 

spark, electric, its conditions, 1360, 1406, 1553 
spark, electric, its path, 1407 
spark, electric, its light, 1553 
spark, electric, its insensible duration of time, 
1438 

spark, electric, its accompanying dark parts, 1547, 
1632 

spark, electric, its determination, 1370, 1409 
spark is affect^ by the dielectrics, 1395, 1421 
spark is affected by the size of conductor, 1372 
spark is affected by the form of conductor, 1302, 
1374 

spark is affected by the rarefaction of air, 1375 
spark, atmospheric or lightning, 1464, 1641 
spark, negative, 1393, 1467, 1482, 1484, 1502 
^q)ark, positive, 1393, 1448, 1467, 1482, 1484, 1502 
spark, ragged, 1420, 1448 
spark, when not straight, why, 1568 
spark, variation in its length, 1381 
spark, tendency to its repetition, 1392 
spark, facilitates discharge, 1417, 1553 
spark, passes into brush, 1448 
spark, preceded by induction, 1362 
spark, forms nitric acid in air, 324 
spark, in gases, 1388, 1421 
spark, in air, 1422 
spark, in nitrogen, 1422, 1468 
spark, in oxygen, 1422 
spark, in hydrogen, 1422 
spark, in carbonic acid, 1422, 1463 
spark, in muriatic add gas, 1422, 1463 
spark, in coal gas, 1422 
spark, in liquids, 1424 
spark, precautions, 958, 1074 
spark, voltaic, without metallic contact, 915, 956 
spark from single voltaic pair, 1050 
spark from common and voltaic electricity assim- 
ilated, 334 

spark, first magneto-electric, 32 

sg>ark of vdtaic electridty, 280 

spark of common electridty, 333 

spark of magneto-electricity, 348 

spark of themo-electricity , 349 

l^kof aninuddectridty^ 358 

spark, brush and glow related, 1533, 1539, 1542 

. Spark before contact, 1806 

sparkfrom the gymnotus, 1766 


sparks, their expected coalition, 1412 
specific induction. See "induction, spedfic, 1252’’ 
specific inductive capacity, 1252 
specific inductive capacity, apparatus for, 1187 
specific inductive capacity of lac, 1256, 1270, 1308 
specific inductive capacity of sulphur, 1275, 1310 
specific inductive capacity of air, 1284 
specific inductive capacity of gases, 1283, 1290 
specific inductive capacity of glass, 1271 
speculation on conduction, and nature of matter, 
p.850 

spermaceti, its conducting power, 1240, 1323 
spermaceti, its relation to conduction and insula- 
tion, 1322 

sphere magnet, direct and reverse, 3357 
spheres, metallic, at the magnet, 3352 
spheres, tftetallic, at the magnet, thd polarity of 
copper, 3352 I 

spheres, metallic, at the magnet, th^polarity of 
iron, 3353 \ 

spheres, metallic, at the magnet, the polarity 
bismuth, 3354 \ 

spheres, metaUic, at the magnet, the polarity of 
hard steel, 3355 \ 

spheres, metallic, at the magnet, the polarity of a 
hard magnet, 3357 

standard of direction in the current, 663 
state, electrotonic, 60, 231, 242, 1114, 1661, 1729 
static condition of bodies generally, 3318 
static and current effects, associated, p. 824 
static induction. See "induction, static” 
steam electricity, 2075 

steam electricity. See "electricity from steam and 
water” 

steam alone does not produce electricity, 2084 
steel ring magnet, 3334 
steel magnet reversed, 3357 
steel magnet reversed not as bismuth, 3358 
storms, magnetic, 2958 
Sturgeon, 1^ form of Arago's experiment, 249 
Sturgeon, use of amalgamated zinc by, 8^, 999 
St. Helena variations, 3045, 3069, tables 
St. Petersburgh variations, 2915, 2968, tables, 
3009 

substances rubbed by water and steam, 2097, 
2099 

substances rubbed by water and steam, sulphur, 
2098,2097 

substances rubbed by water and steam, shellac, 

2098 

substances rubbed by water and steam, wood, 
2097,2099 

substances rubbed by water and steam, ^ass, 

2099 

substances rubbed by water and steam, metaki, 
2097, 2099 

sufficiency of chemical action, 1845, 1863, 187fi, 
1884, 1957, 1983, 2015, 2029, 2053 
sulphate of iron, its magnetic relations, 2546, 
2554,2615 

sulphate of soda, decomposed by eommon deo- 
tricity,317 
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scdpliate of soda, deottolytic intensity for, 975 
sulphur determined to either pole, 662, 681, 767 
sulphur, its conducting power, 1241, 1245 
sulphur, its specific inductive capacity, 1275 
sulphur, copper and iron, circle, 943 
sulphur and air, electricity from, 2138, 2140 
sulphur rubbed by water and steam is negative, 
2098 

sulphuret of carbon, interference of, 650 
svilphuret of silver, hot, conducts well, 433 
sulphuret of potassa solution, 1805, 1812, 1835, 
1880 

sulphuret of potassa solution an excellent con- 
ductor, 1813, 1880 

sulphuret of potassa solution a good exciting 
electrolyte, 1880 

sulphuret of potassa solution in inactive circles, 
1824, 1829, 1835, 1842, 1861, 1864 
sulphuret of potassa solution in active circles. 
1877, 1881, 1907 

sulphuret of potassa solution and metals with 
heat, 1943, 1953, 1956, 1961, 1966 
sulphuret of potassa solution, order of metals in, 
2012 

sulphuret of potassa solution and metaJS) 1880, 

1908. 1943. 2036 

sulphuret of potassa solution and metals shows 
excitement is not in contact, 1907 
sulphuret of potassa solution and antimony, 1902 
sulphuret of potassa solution, bismuth, 1894 
sulphuret of potassa solution, cadmium, 1904 
sulphuret of potassa solution, copper, 1897, 1909, 

1911.1944.2036 

sulphuret of potassa solution, iron, 1824, 1909, 
1943,1947,2049 

sulphuret of potassa solution, lead, 1885 
sulphuret of potassa solution, nickel, 1836, 1909 
sulphuret of potassa solution, silver, 1903, 1911, 
2036 

sulphuret of potassa solution, tin, 1882 
sulphuret of potassa solution, zinc, 1906 
sulphuret of potassa solution, gray sulphuret of 
copper, 1900 

sulphuret of potassa solution, peroxide of lead, 
2045 

sulphuret of potassa solution, peroxide of man- 
ganese, 2042 

sulphuret of potassa solution, protoxides, 2046 
Sulphurets, solid, not excited by contact, 1840, 
1867, 1868 

sulphuretted solution excites the pile, 943 
sulphuric acid a fluid conductor, 1819 
sulphuric acid, order of metals in, 2012 
sulphurie acid, conduction by, 409, 681 
sulphuric acid, magneto-electric induction on, 
200,213 

suli^uric add in voltaic pile, its use, 925 
sulphuric acid not an electrolyte, 681 
sulphuric acid, its transference, 525 
Sulphuric add, its decomposition, 681, 757 
sulphurous add, its decomposition, 7^ 
dmnac7 of conditionsof oonduction, 443 


summary of molecular inductive theory, 1669 

table of discharge in gases, 1388 
table of electric effects, 360 
table of electro-chemical equivalents, 847 
table of electrolytes affected by fusion, 402 
table of insulation in gases, 1388 
table of ions, anions, and cathions, 847 
table of order of metals in different liquids, 2012, 
2016 ^ 
table of voltaic pairs without metallic contact, 
2020 

table of inactive contact conducting dreuits, 
1867 

table of bodies rubbed by steam and water, 2099 
table of exciting bodies rubbed together, 2141 
table of non-magnetic substances, pp. 813, 815 
tangential electro-magnetic motions, p. 797 
tartaric acid, nature of its electrolysis, 776 
telegraph wires, insulated in the air, pp. 825, 826, 
827 

telegraph wires, insulated, subaqueous, charged 
with electricity, p. 826 

telegraph wires, Insulated, subaqueous, their con- 
duction, p. 825 

telegraph wires, insulated, subaqueous, their in- 
duction, p. 825 

telegraph wires, insulated, subterraneous, p. 826 
telegraph wires, insulated, subterraneous, their 
charge, p. 826 

telegraph wires, insulated, subterraneous, their 
lateral induction, pp. 827, 829 
telegraph wires, insulated, subterraneous, their 
conduction, pp. 827, 828 

telegraph wires, insulated, subterraneous, their 
conduction, time of the current, pp. 826, 828 
telegraph wires, insulated, subterraneous, their 
conduction, simultaneous waves, p. 826 
temperature, its influence over exciting voltaic 
force, 1913, 1922, 1941 
tension, inductive, how represented, 1370 
tension of voltaic electricity, 268 
tension of common electricity, 285 
tension of thermo-electricity, 349 
tension of magneto-electricity, 343 
tension of aninud electricity, 352 
tension of zinc and electroly to in the voltaic pile, 
949 

terrestrial electric currents, 167 
terrestrial magnetic action, 2447 
terrestrial magnetic action at the equator and 
poles, 2449 

terrestrial magnetic force, its disposition, 2849 
terrestrial magnetic force, variation of direction, 
2874 

terrestrial magnetism affects the electric current, 
pp. 807, 809 

terrestrial magnetism directs the electric current, 
pp. 805, 809 

terrestrial magnetism produces eieotro-magnetie 
motions, p. 809 

terrestrial magneto-electric hidiiffit^^ 140 
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teifestrial xnagoeto^lectric induction cause of au* 
rora borealis, 192 

terrestrial magneto-electric induction, electric 
currents produced by, 141, 150 
terrestrial magneto-electric induction, electric 
currents produced by, in helices alone, 148 
terrestrial magneto-electric induction, electric 
currents produced by, in helices with iron, 141, 

146 

terrestrial magneto-electric induction, electric 
currents produced by, in helices with a magnet, 

147 

terrestrial magneto-electric induction, electric 
currents produced by a single wire, 170 
terrestrial magneto-electric induction, electric 
currents produced by a revolving plate, 149 
terrestrial magneto-electric induction, electric 
currents produced by a revolving ball, 160 
terrestrial magneto-electric induction, electric 
currents produced by the earth, 173 
test between magnetic and magneto-electric ac- 
tion, 215, 243 

theory of Arago’s phenomena, 120 
theory of magnetism, on the, p. 795 
theory of the voltaic pile, 1796, 1800 
theory of the voltaic pile. See ^Voltaic pile, source 
of its power" 

thermo and contact excitement compared, 1830, 
1836, 1844,2054 

thermo currents with fluids and metals, 1931 
thermo currents of metals and poiassa, 1932, 1938 
thermo currents of metals and acids, 1934, 1939 
thermo-electric evidence against contact theory, 
2054 

thermo-electricity, its general characters, 349 
thermo-electricity identical with other electrici- 
ties, 360 

thermo-electricity, its evolution of heat, 349 
thermo-electricity, magnetic force, 349 
thermo-electricity, physiological effects, 349 
thermo-electricity, spark, 349 
threads in steam-jet, their motion, 2101 
time, 59, 68, 124, 1248, 1328, 1346, 1418, 1431, 
1436, 1498, 1612, 1641, 1730 
time in development of magnetism, 2332, 3319 
time, its influence in magnetic induction, 2170, 
2650,2688 

time, its influence with iron and bismuth, 3318 
tin, iodide of, electrolyzed, 804 
tin, protochloride, electrolysis of, definite, 789, 
819 

tin, remarkable exciting effects of, 1919, note 
tin and potassa, 1945, 1948 
tin in nitric acid, 2032 
tin in sulphuret of potassium, 1882 
tin in sulphuret of potassium shows excitement is 
not due to contact, 1883 

Toronto variations, 2905, 2948, 2968, tables, 3027 
torpedo, nature of its electric discharge, 359 
torpedo, its enormous amoimt of electric force, 
859 

totsiondMiance for magnetic observations, p. 810 


transfer of elements and the current, their rela- 
tion, 923, 962 

transference is simultaneous in opposite direc- 
tions, 542, 828 

transference, uncombined bodies do not travel, 
544, 546,826 

transference of elements, 454, 507, 539, 550, 826 
transference of elements across great int^als, 
455,468 

transference of elements, its nature, 519, 525, 538, 
549 

transference of chemical force, 918 
transverse forces of the current, 1653, 1709 
traveling of charged particles, 1563 
trough, voltaic. See “battery, voltaic" 
turpentine, oil of, a good fluid insulator^ 1172 
turpentine, oil of, its insulating power destroyed, 
1571 I 

timpentine, oil of charged, 1172 \ 

turpentine, oil of, brush in, 1452 \ 

turpentine, oil of, electric motions in, 15 to, 1595 
turpentine, oil of, convective currents |n, 1595, 
1598 \ 

turpentine, oil of, its effect on electricity of steam, 
2108,2121,2123,2136 

unipolarity, 1635 

unity of natural forces, 2702 

vacuum, its magnetic character, 2770, 2786 
vacuum in water, 2412 
vacuum, the zero of magnetism, p. 865 
vacuum, its relation to electricity, 1613 
vaporization, 657 
variation, annual, 2882, 2947 
variation, diurnal, 2892, 2920 
velocity of conduction in metals varied, 1333 
velocity of the electric discharge, 1641 , 1649 
velocity of conductive and electrolytic discharge, 
difference of, 1650 

velocity of electricity in wires, p, 827 
velocity of electricity in wires very variable, p. 
828 

vicinity of plates in voltaic battery, 1148 
volta-electric induction, 26 
volta-electrometer, 704, 736 
volta-electrometer, fluid decomposed in it, water, 
706,728,732 

volta-electrometer, forms of, 707, 734 
volta-electrometer tested for variation of elec- 
trodes, 714, 722 

volta-electrometer tested for variation of fluid 
within, 727 

volta-electrometer tested for variation of intens- 
ity, 723 

volta-electrometer, strength of acid used in, 728, 

733 

volta-electrometer, its indications by oxygen and 
hydrogen, 736 

volta-electrometer, its indications by hydrogen, 

734 

voltarelectrometer, its indications by oxygen, 786^ 
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volta-elent.rometer, how used, 737 
voltameter, 704 
Voltage contact theory, 1800 
voltaic batteries, active, without contact, 2024 
voltaic battery, its nature, 875, 989 
voltaic battery, remarks on, 1034, 1136 
voltaic battery improved, 1001, 1119 
voltaic battery, practical results with, 1136 
voltaic battery. See “battery, voltaic” 
voltaic circles, active, without contact, 2017 
voltaic circles, simple, 875 
voltaic circles, simple, decomposition by, 897 
voltaic circles associated, or battery, 989 
voltaic circles, order of the metals in, 2010 
voltaic circles, order of the metals in varied, 1877, 
1963, 1969, 1993, 1999, 2010 
voltaic circuit, relation of bodies in, 962 
voltaic circuit, defined, 282, 511 
voltaic circuit, origin of, 916, 1741 
voltaic circuit, its direction, 663, 925 
voltaic circuit, .intensity increased, 905, 990 
voltaic circuit, produced by oxidation of zinc, 919, 
930 

voltaic circuit not due to combination of oxide 
and acid, 925, 933 

voltaic circuit, its i*clation to the combining oxy- 
gen, 921, 962 

voltaic circuit, its relation to the combining sul- 
phur, 943 

voltaic circuit, its relation to the transferred ele- 
ments, 923, 962 

voltaic current, 1617. See “current, electric” 
voltaic decomposition, 450, 660. See “decomposi- 
tion, electro-chemical” 
voltaic discharge, positive and negative, 1524 
voltaic electricity, identical with electricity, other- 
wise evolved, 268, 360 
voltaic electricity, discharged by points, 272 
voltaic electricity, discharged by hot air, 271 , 274 
voltaic ekictricity , its tension, 268, 275 
voltaic electricity, evolution of heat by, 276 
voltaic (dectricity , its magnetic force, 277 
voltaic electricity, its chemical force, 278 
voltaic electricity, its spai-k, 280 
voltaic electricity, its physiological effects, 279 
voltaic electricity, its general characters consid- 
ered, 268 

voltaic excitement not in contact, 1912,1956, 2014 
voltaic excitement is in chemical action, 1912, 
1956,2015 

voltaic excitement affected by dilution, 1969, 1982, 
1993 

voltaic excitement affected by temperature, 1913, 
1922, 1942, 1956, 1960, 1967 
voltaic pile, chemical theory, 1801, 1803, 2029 
voltaic pile, contact theory, 1797, 1800, 1802, 1829, 
1833, 1859, 1870, 1889, 2065 
voltaic pile distinguished, 856, note 
voltaic pile, electricity of, 875 
voltaic pile, depends on chemical action, 872 
voltaic pile, relation of acid and bases in the, 927 
voltaic pile. See “battery, voltaic” 


voltaic pile, source of its power, 1796 
voltaic pile, source of its power not in contact, 
1829, 1835, 1844, 1858 

voltaic pile, source of its power not in contact, 
proved by inactive conducting electrolytes, 
1823, 1829, 1836, 1843, 1849, 1853, 1858, 1870 
voltaic pile, source of its power not in contact, 
proved by active conducting electrolytes, 1877, 

1883. 1889. 1907. 1912 

voltaic pile, source of its power not in contact, 
proved by effects of temperature, 1913, 1941, 

1956. 1960. 1965 

voltaic pile, source of its power not in contact, 
proved by dilution, 1969, 1982, 1993, 2005 
voltaic pile, source of its power not in contact, 
proved by order of the metals, 2010, 2014 
voltaic pile, source of its power not in contact, 
proved by arrangements without metallic con- 
tact, 2017 

voltaic pile, source of its power not in contact, 
proved by thermo-electric phenomena, 1830, 
2054,2063 

voltaic pile, source of its power is in chemical ac- 
tion, 1845, 1863, 1875 

voltaic pile, source of its power is in chemical ac- 
tion, proved by active conducting electrolytes, 

1882. 1884. 1907. 1912 

voltaic pile, source of its pow^er is in chemical ac- 
tion, proved by effects of temperature, 1913, 

1941. 1956. 1960. 1965 

voltaic pile, source of its power is in chemical ac- 
tion, proved by dilution, 1969, 1982, 1993, 2005 
voltaic pile, source of its power is in chemical ac- 
tion, proved by order of metals, 2010, 2014 
voltaic pile, source of its power is in chemical ac- 
tion, proved by arrangements without metal- 
lic contact, 2017 

voltaic pile, source of its power is in chemical ac- 
tion, proved by comparison of contact and 
chemical excitement, 1831 
voltaic pile, source of its power is in chemical ac- 
tion, proved by comparison of contact and 
thermo-excitement, 18^ 
voltaic pile, source of its power is in chemical ac- 
tion, sufficiency of this action, 1845, 1863,1875, 
1884, 1957, 1983, 2015, 2029, 2053 
voltaic spark before contact, 1806 
voltaic spark without contact, 915, 956 
voltaic spark, precautions, 958, 1074 
voltaic trough, 989. See “battery, voltaic” 

water, flowing, electric currents in, 190 
water, decomposition of, by fine wires, 327 
water, determined to either pole, 553 
water, its direct conducting power, 1017, 1159, 
1355 

water, its direct conducting power constant, 984 
water, electro-chemical decomposition against, 
494,532 

water, electrolytic intensity for, 968, 981, 1017 
water electrolyzed in a single circuit, 862 
water, its dectrolysis definite, 732, 785, 807 
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water, the exciting electrolyte when pure, 944 
water, the exciting electrolyte when acidulated, 
880,926,1137 

water, the exciting electrolyte when alkalized, 931 
934,941 

water is the great electroljrte, 924 
water, its influence in electro-chemical decompo- 
sition, 472 

water, poles of, 494, 533, 558 
water, positive electricity of, by friction, 2107 
water, positive to all other rubbing bodies, 2107, 
2131 

water, pure, excites electricity, 2090 
water, quantity of electricity in its elements, 853, 
861 

water, retardation of current by, 1159 
water, saline or acid, excites no electricity, 2090, 
2091 

water and steam, electricity from, 2075 
water and steam. See ^^electricity from steam and 
water” 

Wheatstone’s analysis of the electric brush, 1427 
Wheatstone’s measurement of conductive veloc- 
ity in metals, 1328 

wire, a regulator of the electric current, 853, note 
wire, ignition of, by the electric current, 853, note, 
1631 


wire, ignition of, by the electric current is uniform 
throughout, 1630 

wire, long, inductive effects in, 1064, 1118 
wire* retardation of electricity in, p. 827 
wire, single, a current induced in, 170 
wire, velocity of conduction in, varied, 1333 
wires of various substances rubbed by steam and 
water, 2099 

Wollaston on decomposition by common elec- 
tricity, 309 

Wollaston on decomposition of water by points, 
327 

wood rubbed by water, 2097 

zero of magnetic action, 2790 
zero of nisgnetism, p. 865 / 

zinc, am^gamatcd, its condition, 863 J 1000 
zinc, amalgamated, used in pile, 999 1 
zinc, how amalgamated, 863 \ 

zinc, its oxidation is the source of power in the 
pile, 919 ^ 

zinc, its relation to the electrolyte, 949 \ 
zinc in sulphurct of potassium, 1906 \ 

zinc, of troughs, its purity, 1 144 
zinc plates of troughs, foul, 1 145 
zinc plates of troughs, new and old, 1146 
zinc, waste of, in voltaic batteries, 997 




